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PREFACE TO SECOND EDITION

IN rewnting this work after six years of constant use in the
classroom and laboratory, the author has endeavored to keep
i mind the needs both of students and of practising chemsts.
Methods which are commonly used as exeicises for beginners
(such, for example, as the determination of alcohol by the
distillation method) are fully described with detailed explana-
tory and precautionary notes, while those methods which are
apt to be used only by advanced students or professional
chemists are given more concisely. At the end of each
chapter will be found, first a hst of reference books arranged
alphabetically by authors, and then a chronological list of
journal articles, bulletins, etc, particularly of the last few
years. The abbreviations are those used by the American
Chemical Society 1n the publication of Chemical Abstracts.

The scope of the work has been somewhat extended, the
new matter mcluding a chapter on solid and liqud fuels, and
sections on industrial alcohol, drying oils, crude petroleum,
the new international methods of glycerin analysis, and quan-
titative methods for the testing of enrymes. The discussions
of aldehydes, sugars, proteins, and food preservatives are also
much fuller than 1n the first edition.

These additions, and the rewriting of the original text to
embody recent advances and certain changes of arrangement
which have been found advantageous from the standpoint of
teaching, make the present edition practically a new work.

The text and references are designed to cover, along with
the directions for laboratory work, so much at least of the
technology of the various topics considered as 1s involved
in a proper appreciation of the purposes of the analyses and

the significance of the analytical results.
v



vl PREFACE TO SECOND EDITION

The writer takes pleasure in acknowledging his indebtedness
to Dr. C. A. Browne, Chemist-in-charge of the New York
Sugar Trade Laboratory, and Mi1. T T Gray, Chief Chemist
of the Tide-Water O1l Company, for criticism of the sections
relating to their specialties, and to his colleague, Dr J M.

Nelson, for many helpful suggestions.
HC S
JANUARY, 1912



PREFACE TO FIRST EDITION

THE purpose of this work 1s to give a connected introductory
training 1n organic analysis, especially as applied to plant and
animal substances and their manutactured products. No attempt
18 made to touch upon all important branches of this subject,
but representative topics are treated in considerable detail
with reference both to analytical methods and to the interpre-
tation of results.

The greater part of the book 1s devoted to quantitative
methods for food materials and related substances. Standard
works of 1eference and the publications of the Association of
Official Agricultural Chemsts have been freely used. The
nomenclature adopted 1n these publications has been followed
as closely as possible As a 1ule, footnotes show the original
sources of statements or methods included 1n the text, while
general or additional 1eferences are given at the end of each
chapter. The references have been carefully selected and are
believed to be sufficient to put the reader in touch with the
most 1important literature

The desciiptions of methods weire written priumarily for the
use of third-year students in the School of Chemistry, Colum-
bia Unmiversity, and therefore presuppose a knowledge of inor-
ganic quantitative analysis, elementary organic chemistry, and
general physics.

The wniter takes pleasure 1n acknowledging his indebtedness
to Professor Edmund H. Miller for helpful advice and sugges-
tions throughout the work, and to Mr. Roland H. Williams
for assistance 1n testing methods and in the revision of parts

of the manusciipt.

H C. S
NEw York, July 1, 1905
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INTRODUCTION

ULTIMATE organic analysis 1s the determination of the ele-
ments composing any organic substance. Proximate organic
analysis 18 the determination of the compounds present mn a
maxture or of the radicles present 1n a compound.

Both ultimate and proximate analysis are often required in
the examination of organic materials In the case of a complex
mixture, however, proximate analysis 1s trequently directed
to the determination of the principal groups of related com-
pounds rather than of each individual compound present
Thus 1n the analysis of a food 1t may sometimes suffice to
determine the percentage of moisture and of each of the groups
of substances represented by the terms proteins, fats, carbo-
hydrates, and ash constituents.

In the analysis of ordinary animal and vegetable substances
1t 18 usually difficult to make a clear distinction between organic
and 1norganic constituents, because in many cases the inorganic
compounds found in the ash are formed during combustion,
the bases having existed in combination with organic acids or
with proteins, while the acid radicles may also have existed in
organic combination or may have been formed by the oxida-
tion of the carbon, sulphur, and phosphorus of the organmwc
matter.

The chapters which follow are devoted chiefly to methods
of proximate analysis. The determination of carbon and
hydrogen by means of the combustion furnace 1s doubtless
already familiar to most users of this book® and 1s therefore
omitted, but methods for determimng mitrogen, sulphur, and
phosphorus will be found in Chapter XIV.

Xv



AVl INTRODUCTION

The sequence of topics 1s in the main that usually followed
mn textbooks of organic chemistry, but exceptions are made
1n some cases 1n order to bring together subjects which are
closely 1elated in practical interest.
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METHODS OF ORGANIC ANALYSIS

CHAPTER 1

Alcohols

ALCOHOLS are neutral hydroxyl derivatives capable of react-
mmg with acids to form esters, and the most characterstic
alcohol reactions are those involving the replacement of the
hydroxyl by an acid radicle. For detailed discussions of the
analytical behavior of the hydroxyl radicle and characteristic
reactions of the different groups of alcohols, the reader 1s re-
ferred to the works of Meye1,! and of Meyer and Tingle,! while
Mulhiken’s tables 1 may be followed 1n the systematic 1dentifica-
tion of individual pure preparations

Of the analytical methods mmvolving reactions of the hydroxyl
group, the more important aie those in which the acetyl or
benzoyl ester 1s formed. The preparation of the dimitrobenzo-
ate serves for the identification of ethyl alcohol, and glycerol
may be determined quantitatively by acetylation. Often, how-
ever, esterification 1s either not quantitative or 1s less con-
venient or less delicate than other methods of determination.
Thus the monatomic alcohols containing less than four carbon
atoms mix freely with water and are not readily separated from
1t, but may be determined 1n aqueous solution either by physi-
cal methods or by the behavior of the alcohols on oxidation.

The present chapter will deal with ethyl alcohol and the de-
tection and determination of a few of 1ts more important homo-
logues. Glycerol will be considered in connection with soap in
a later chapter. For more extended discussions of the analyti-
cal chemstry of the alcohols the works cited at the end of the
chapter may be consulted.

1 The titles of these and other works of reference will be found at the end of
the chapter

B 1



2 METHODS OF ORGANIC ANALYSIS

ETHYL ALCOHOL

Pure ethyl alcohol 1s a colorless, mobile liquid of characters-
tic penetrating odor and “ hot ”” pungent taste, boiling at about
78.4° and showing at 15.566° (60° F' ), compared with water at
the same temperature, a specific gravity of 0.79387 (Bureau of
Standards). It mixes with water 1n all proportions and 1s only
with great difficulty obtained in the anhydrous or “absolute”
state According to Allen the piesence of as small propo1tion
as 0 5 per cent of water in alcohol 1s indicated by the pink
color assumed by the liquid on 1ntroducing a crystal of potas-
sium permanganate. The so-called “absolute alcohol” used 1n
analvtical operations oidinarily contains from 0 2 to 1 per cent
of water.

Alcohol 18 of great 1mportance in organic analysis not only
as a constituent to be determined but also as a solvent in ana-
lytical operations. It dissolves many organic substances which
are not soluble 1n water, but 1norganic compounds insoluble 1n
water are usually also msoluble 1n alcohol  As a1ule chloiides,
bromides, 10dides, and acetates are soluble n fairly strong
alcohol, while carbonates, borates, sulphates, phosphates, oxa-
lates, and tartiates are only very sparingly soluble.

Three strengths of alcohol are recognized in the U S
Pharmacopceia of 1905

 Aleohol™ containing about 92 3 per cent by weight ot about
94.9 per cent by volume of actual ethyl alcohol and about
7.7 per cent by weight of water, specific gravity about
0.816 at 60° F.

« Absolute Alcohol” containing not more than 1 per cent by
weight of water, specific gravity not higher than 0 798 at
60° F.

« Diluted Alcohol” made by mixing equal volumes of ¢ alcohol”
and water and containing about 41.5 per cent by weight
or 48 9 per cent by volume of actual ethyl alcohol, specific
gravity about V) 986 at 60° F.

On mixing alcohol with water a considerable evolution of
heat takes place and the volume of the mixture after cooling
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1s less than the sum of the volumes of the alcohol and water
mixed This contraction 1s not umformly proportional to the
amount of alcohol 1n the mixture. Hence 1n mixtures of water
and alcohol the 1elation between the percentages of alcohol ¢ by
volume ” and by weight ” varies somewhat with the strength
of the solutions  These variations together with the differences
n the density of the supposedly absolute alcohol used as stand-
ard by the various obse1vers account for the small discrepancies
found on comparing the commonly used tables showing the re-
lation between density and percentage.

In the United Statesthe tables piincipally used are (1) those of
the U S. Bureau of Standards recalculated from the determina-
tions made by Mendelejeff and (2) those based on Squibb’s de-
terminations, which have been very generally used 1n this country
and mcorporated 1 the methods of the Association of Official
Agucultural Chemists and the U. S. Pharmacopeia.

The official chemists have under consideration the question
of substituting the tables of the Buieau of Standards for those
now offictal  The two systems differ cluefly mn the conditions
taken as standaid, the final 1esults when properly calculated
being very neaily the same, especially for solutions containing
less than 25 pe1 cent of alcohol =~ The methods and data given
m this chapter provide for the use of either system, Table 1
(beyond) bemng from the Buieau of Standards, and Table I1
condensed from the tables of the Otficial Agricultural Chemists
and of the U. S Pharmacopaera.

The table of Morley (J. Am. Chem Soc., 26, 1185-1193), also
based on the obseirvations of Mendelejeff, gives the specific
gravity of alcohol for each integral peicentage by weight and
for each degree of the hydiogen thermometer from 15° to 22° C.

For revenue purposes, both 1n the United States and Great
Britain, the strength of aleoholic liquois 1s expressed 1n terms
of “proof spirit,” but the term has different meanings in the two
countries .

American proof spirit is defined by Section 3249 of the Re-
vised Statutes of the United States as follows ¢ Proof spirit
shall be held to be that alcoholic liquor which contains one half
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1ts volume of alcohol of a specific gravity of seven thousand
nine hundred and thirty-nine ten-thousandths at 60° F ” It s
therefore practically 50 per cent by volume or about 42 5 per cent
by weight

Bratish proof spirit 1s defined by Parliament as having such a
density that at 57° F thirteen volumes shall weigh the same as
twelve volumes of water at the same temperature. This co1-
responds to about 49.2 per cent by weight.

“ Rectified spurit” of the British Phaimacopeeia has 84 per
cent by weight and British « methylated spirit” consists of nine
parts of rectified spirit to one part of commercial ¢ wood spirit ”’
or “wood naphtha,” the latter containing, according to the
observations of Thorpe and Holmes, from 72 to 80 per cent of
methyl alcohol by volume.

Denatured Alcohol

A statute of the United States of June 7, 1906, provides that
domestic alcohol may be withdrawn fiom bond for use in the
arts and industries, and for fuel, light, and power, without the
payment of an internal revenue tax, on condition that 1t shall
have been denatured by the admixture of some material which
destroys 1ts chaiacter as a beverage and 1enders 1t unfit for
liquid medicinal purposes.

The regular formula for denaturing alcohol 1s as follows :
To 100 parts by volume of ethyl alcohol (not less than 90 per
cent strength) add 10 paits of approved methyl (wood) alcohol
and 0.5 part of approved benzine Such alcohol 1s classed as
completely denatured and becomes a regular article of commerce.
The wood alcohol used 1n denaturing must have a specific
gravity not above 0 830 at 60° F. (coriesponding, if impunities
be neglected, to about 88 per cent strength, or to 91° on Tralles
scale) and meet several other requirements which include maxi-
mum and mimmum hmts for acetone and bromine-absorbing
constituents and a maximum limit for esters.

The Bureau of Internal Revenue of the Treasury Department
establishes the detailed regulations governing both the regular
method of denaturing and the special formula permitted in the
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several classes of industries 1n which tax free alcohol may be
used, but for which the alcohol denatured by the regular formula
would not be smtable These formul® and specifications are
given 1 Regulation No. 30 of the U. S. Internal Revenue,
together with the supplementary regulations and the series of
“ Treasury Decisions.”

DETECTION AND IDENTIFICATION OF ETHYL ALCOHOL

Lieben’s ITodoform Test

The “10doform test,” while not distinetive, is often useful.
It may be cariied out as follows - To 10 cc of the clear hiqud
to be tested, add 5 or 6 drops of 10 per cent solution of sodium
o1 potassium hydroxide, heat to about 50° C., and add drop by
diop with constant shaking a saturated solution of 1odine 1n
aqueous potassium 1odide until the liquud becomes just per-
manently yellowish biown, then carefully decolorize by adding
mote of the hydroxide solution, avoiding excess If alcohol
were present, 1odoform gradually separates out as a yellow or
yellowish white crystalline deposit. Even when very little
1odoform 1s produced 1its odor can usually be recogmized.
Wihile the test 1s quite delicate, the appearance of a precipitate
of 10doform does not prove the presence of ethyl alcohol, since
1t may result fiom various other compounds, especially acetone,
aldehydes, and the piropyl and butyl alcohols If the original
hqud contained carbohydrate or oiganic acid, 1t should be
neutialized, distilled, and the first portion of the distillate used
for the test.

Ethyl Dintrobenzoate Test

As a specific test for ethyl alcohol Mulliken! recommends
the preparation of Ethyl 3, 5-Dimtrobenzoate as follows :

Heat together gently in a three-inch test tube held over a
small flame, 0.15 gm of 3, 5-dinitrobenzoic acid and Q.20 gm.
of phosphorus pentachlonnde. When signs 6f chemical action
are seen, remove the heat tor a few seconds. Then heat again,

1 Identification of Pure Organic Compounds, Vol I, p 168
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boiling the hquefied mixture very gently for one minute. Pour
out on a very small watchglass and allow to sohdify. As soon
as solidification occurs, remove the liqud phosphorus oxy-
chloride, with which the crystalline mass is impregnated, by
rubbing the latter between two small pieces of porous tile.
Place the powder 1n a dry five- or six-inch test tube. Allow
four drops of the alcohol (which must contain not more than
about 10 per cent of water) to fall upon 1t, and then stopper
the tube tightly without delay =~ Immerse the lower part of the
test tube 1n water having a temperature of 75°-85°. Shake
gently, and continue the heating for ten minutes.

To punfy the ester produced 1n the reaction, crush with a
stirring rod any hard lumps which may form when the mixture
cools and boil gently with 15 cc. of methyl alcohol (2 : 1) until
all 18 dissolved, or for a minute o1 two. Filter boiling hot 1if
the solution 1s not clear. Cool, shake and filter Wash with
3 cc. cold methyl alcohol (2.1). Recrystallize from 9 cc. of
boiling methyl alcohol (2 1) Wash with 2 cc of the same
solvent Spread out the product on a piece of tile. Allow to
become air-dry, and determine the melting point.

Ethyl 3, 5-Dinitrobenzoate, the product of this test, crystal-
hizes 1n white needles melting at 92°-93° (uncorr. ).

The corresponding derivatives of methyl, propyl, butyl, and
1sobutyl alcohols melt at 107 5° (uncorr.), 78°~73.5° (uncoir ),
64° (uncorr.), and 83°-83 5° (uncorr.), respectively.

Other Methods

The methods recommended by Bacon as being especially
adapted to the detection and determination of such small
amounts of alcohol as may be present as the result of incipient
spoilage 1n food material are described later 1n this chapter.

DETERMINATION OF ETHYL ALCOHOL

As already stated, the complete separation of ethyl alcohol
from water 18 very difficult The quantitative determination
of the alcohol 18 therefore carried out in water solution and 1s
usually accomplished bv one of the following methods: from
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(1) the density, (2) the index of refraction, (3) the boiling
pomnt of the solution, or (4) by quantitative oxidation of the
alcohol to acetic acid by heating in acid solution with potassium
dichromate.

The first and second methods are seriously influenced by the
presence of any substance other than the alcohol and water and
are ordinarily applied only after distillation ; the third method
18 less 1nfluenced by dissolved solids, and for approximate work
may be applied directly to ordinary alcoholic liquors, but 1s
not so accurate as the specific gravity method; the fourth
method 1s applicable only 1n the absence of any other substance
capable of reacting with the acid-dichromate mixture, and 1s
not readily adaptable to the determination of more than small
amounts.

Genetally the most accurate and satisfactory method 1s to
separate the alcohol from substances other than water by dis-
tillation and find the amount of alcohol in the distillate by a
careful determination of 1its specific gravity.

Preparations contamning chloroform, ether, or essential oils
may be treated as follows 1 Dilute 25 cc. of the sample with
water to about 100 cc 1 a separatory funnel, add sodium
chloride to saturation and then 50 to 80 cc. of light petroleum
distillate (boiling below 60°). Shake wvigorously for five min-
utes, allow to stand for half an hour, draw off the lower layer
into another separatory tunnel, wash again in the same way
with a small amount of petroleum ether, and then draw off into
a distillation flask. Unite the petroleum ether layers, wash
with two successive portions each 25 ce. of water saturated
with salt, adding these washings to the main solution. The
alcohol remains dissolved in the aqueous salt solution, which
(after neutrahizing if necessary) may be distilled as described
below.

Carbon dioxide 1f present 1n large amount should be removed
as well as possible 1n advance by shaking the liquor in a large
flask at room temperature and avoiding the froth when taking
the portions for analysis.

1 Thorpe and Holmes J Chem Soc, 1903, 83, 314
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Unless the appearance or odor of the sample suggests the
presence of carbon dioxide or of chloroform, ether, or essential
o1l, 1t 18 usually permissible to proceed with the determination
as described below without subjecting the sample to any of the
above preliminary treatment.

Specific Gravity Method

In the case of a fermented liquor or other sample containing
less than 25 per cent of alcohol (Note 1), dry and weigh a 100
cc. graduated flask, fill to the mark with the sample and weigh
(Note 2), tiansfer to a distilling flask of about 300 cec. ca-
pacity, rinsing the measuring flask with about 50 cc. of water,
bringing the total volume 1n the distilling flask to about 150
cc Drop into the solution a small piece of delicate litmus
paper, or better a few milligrams of solid phenolphthalein, and
neutralize with a dilute solution of sodium or potassium hy-
droxide 1n order that no volatile acid may be distilled with the
alcohol (Note 38). Connect the distilling flask with a well-
cooled condenser and distill, collecting the distillate in a 100 ce.
flask, preferably the one used in measuring the sample. The
distillate should not be unnecessaiily exposed to the air but
should be conducted well into the receiving flask. If the con-
denser 1s vertical or neaily so, 1t 1s only necessary to support
the flask 1n such a position that the condenser tube projects
into the neck of the flask, otherwise an adapter may be used
(Note 4). The apparatus may be arranged as shown
Fig 1.

When the distillate amounts to nearly 100 cc remove the
receiver; and if the alcohol 1s to be reported 1n percentage by
volume, the temperatuire should be brought to that at which the
sample was measured out for analysis and water then added to
bring the distillate exactly to 100 cc., but 1f the results are to
be reported by weight, this adjustment 1s not important. See
that the flask 1s clean and dry outside, weigh and subtract the
weight of the empty flask as found at the beginning of the
experiment. Mix the distillate well by shaking, and by means
of a pyknometer (Note 5) determine carefully its specific
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gravity to the fifth decimal place, with special attention to the
accurate control of the temperature, which should be governed
according to the table which 1s to be used in finding the per-
centage of alcohol from the specific gravity (Note 6) Find
1n Table 1 the percentage of alcohol by weight, or in Table 2

&*

F1e 1 — Arrangement of distillation apparatus for alcohol determination

the percentages by weight and by volume, o'ic~pondinzs to
this specific gravity.

The percentage by weight of alcohol in the distillate, multi-
plied by the weight of the latter, shows the actual weight of
alcohol distilled over, and this divided by the weight of sample
taken gives the percentage by weight of alcohol 1n the hiquor.
The percentage by volume 1s of course the same for the origi-
nal sample as for the distillate, 1f both are measured in the
same flask at the same temperature

Note 1. —If the sample contains more than 25 per cent of
aleohol, a proportionately smaller amount than 100 cc. should
be taken for the alcohol determination. Of cordials, 50 cc.,
and of distilled liquors or commercial alcohol, 25 cc., will usu-
ally be a suitable amount. If results are to be expressed 1n
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percentage by weight, the weight as well as the volume of the
sample taken must of course be known.

Note 2. —If the specific gravity of the sample 18 known, or
if the results of the analysis are to be expressed only in per-
centage by volume or giams per 100 cc., the portion desired
for the determination may be measured by means of a pipette.
If, however, the same 100 cc. flask 1s used for measuring the
sample and for the distillate and each 1s weighed as well as
measured, the accuracy of the result whether expiessed 1 per-
centage by weight or by volume will be mdependent of the
accuracy of calibration of this measuring flask.

Note 3. — Most alcoholic beverages, unless they have under-
gone acetic fermentation, contain too little volatile acid to
affect materially the result of the alcohol determination It 1s,
however, not safe to neglect the neutralization unless volatile
acids are known to be absent

Note 4. — A suitable arrangement for this distillation 1s
shown 1n Fig. 1. The bulb 1n the connecting tube serves to
prevent the mechanical carrying over of spray, and permits
the distillation to be carried on at a fairly rapid 1ate, provided
a sufficient stream of cold water flows through the condenser
to thoroughly chill the distillate. If a distilling flask having
side tube on the neck 1s used, the distillation should be con-
ducted more slowly, 1n order to avoid danger from spray, and 1f
possible a flask should be selected which has the exit tube high
on the neck. If1it1s desired to expel the alcohol quickly, the
solution may be saturated with salt before distilling.

Note 5. — On account of the importance of exact control of
temperature, 1t 1s desirable to use either a thin-walled Sprengel-
Ostwald pyknometer, which may be hung in water of the de-
sired temperature for adjustment, or a pyknometer bottle of
the type carrying a thermometer mn the ground glass stopper
and having a capillary side tube for overflow and adjustment.
In either case the pyknometer 1s calibrated by weighing first
empty and dry, then filled with recently boiled distilled water
of known temperature. When using the pyknometer, care must
be exercised to avoid warming 1t by contact with the hand
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The Ostwald pyknometer (Fig. 2) has one arm (A4) of unmi-
form bore, while the other arm carries a pipette body (B) and

ends 1n a capillary tip (C). It 1s
filled by attaching a small rubber
tube at C and drawing the liqud
through 4 until the entire pyknome-
ter 1s full, when 1t 18 suspended 1n
water at the desired temperature,
and when this 18 1eached the adjust-
ment 18 made by touching the point
C with filter paper until just enough
liquid 18 removed to bring the menis-
cus m A to the giaduation mark M;

M

: ——

then cap the tips (af
caps are provided),

1emove and care- C/)
fully wipe the pyk-
nometer, suspend 1t pyknometer
fiom the hook over

the balance pan, and weigh.

S

Fia 3 — Specific grav-
ity bottle with ther-
mometer 1n stopper

Fic 2 —The Ostwald

The specific gravity bottle of the form shown

in Fig. 3, wlile not so good 1n principle as the
Ostwald pyknometer, 1s more widely used 1n
analytical laboratoiies. The thermometer of
such a bottle should (unless it bears a *“con-
trol stamp’) be tested, by comparison with a

thermometer known to be accurate, at the
temperature at which 1t 18 to be used.
This pyknometer should always be filled
either at or slightly below the temperature
at which the weighing 1s to be made. Fill
to about the middle of the ground portion
of the neck so that when the stopper 1s 1n-
serted the liquid will g¢verflow not only
around the stopper, but also through the
side tube. The stopper should be inserted
snugly but without unnecessary force. As
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soon as the stopper 1s 1n place, wipe off the tip of the side tube,
place the pyknometer in water (or air) maintained at the
desired temperature, and notice whether any further overflow
occurs. When the reading of the thermometer in the pyknom-
eter and the position of the surface of the liquid at the tip of
the side tube remain constant, the contents are evidently at the
same temperature with the surrounding water or air. The
glass cap 18 now placed over the tip, the pyknometer carefully
wiped with a clean, dry cloth, weighed, and the weight of the
empty pyknometer deducted.

Note 6. — The pyknometer, having been weighed with water
as Just described, 1s either dried or repeatedly rinsed with small
portions of the distillate and then filled with the latter at a
little below the standard temperature for the alcohol table which
is to be used, then allowed to warm slowly up to the exact tem-
perature desired and at exactly this temperature the volume
18 carefully adjusted, the pyknometer capped, wiped, and
weighed as described in Note 5.

To use Table 1, correct the weighings of water and of distillate
by adding 0.00106 gram to each gram of water or distillate
which the pyknometer apparently contains. (This corrects for
the buoyant effect of the air when weighings are made with brass
weights in air of average humdity at room temperature.)
To simplify calculations adopt either 20° or 25° as the tempera-
ture for adjusting the pyknometer both with water and with
the distillate. Divide the corrected weight of distillate by the
corrected weight of water, thus obtaining the specific gravity
at 23 or 23. Divide this by the density of water at 20°
(0.998234) or 25° (0.997077) as the case may be to obtain the
density of the distillate at 42 or 3%, from which by interpola-
tion 1n Table 1 find the percentage by weight of alcohol in
the distillate to the second decimal place.

If for any reason the temperature of adjustment has been be-
tween 20° and 25°, the density of water at the known temperature
of adjustment can be found from Table 3 below and the cor-
rected weight of water calculated thus to 4° can be used 1n find-
ing the density of distillate for the temperature of adjustment.
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TaBLE 1 — DENsITY OF MIXTURES OF ETHYL ALcOHOL AND WATER
(BUREAU OF STANDARDS)

Per cent Per cent
ulci;);xol D1 D3 D nlzi;);xol Dig Dag D2
weight weight
0 099913 099824 099708 50 091787 0 91386 0 90988
1 99725 99636 99521 51 91566 91164 90758
2 99543 99458 99338 52 91344 0940 90533
8 99366 99274 99159 53 91120 90715 90807
4 99197 99102 98984 54 90895 90488 90079
5 99083 98936 98815 55 90670 90262 89851
6 98877 98776 98651 56 90443 90084 89622
7 98726 98620 98491 57 90215 89805 89892
8 98581 98470 98336 58 89987 89576 89162
9 98442 96325 98165 59 89758 89346 88931
10 98307 98185 98038 60 89528 89115 88700
11 98176 98047 97893 61 89297 88888 88467
12 98049 97913 97752 62 89066 88651 88284
13 97925 97181 97612 68 88834 88418 88000
14 97508 97651 97474 64 88601 88185 871766
15 97683 97522 97336 65 88368 87950 87580
16 97563 97898 97199 66 88134 87716 87295
17 97444 97264 97061 67 87899 87480 87058
18 97324 97134 96922 68 87664 87244 86821
19 97208 97003 96782 69 87428 87008 86588
20 97080 96570 96640 70 87192 86770
21 96956 96736 96497 k8! 86954 86582 86105
22 96829 96599 96352 2 86716 86292 85864
28 96699 96459 96203 78 86477 86052 85622
24 96566 96317 96052 4 862387 85812 85380
25 96430 96171 95897 5 85997 85570 85187
26 96289 96021 95739 76 85155 85328 84893
27 96145 95868 95577 i 85513 85084 84648
28 95997 95711 95412 8 85270 84840 84408
29 95845 95550 95244 79 85026 84595 84157
80 95688 95385 95071 80 84781 84849 83909
81 95526 95215 94894 81 84101 83660
82 95360 95042 94718 82 84286 83852 83410
83 95191 94865 94529 83 84087 83602 88159
84 95017 940684 94342 84 83786 83850 82906
85 94839 94499 94152 83 83534 83097 82652
36 94657 94311 93957 86 83279 82842 82396
87 94471 94119 98760 87 83022 82583 82187
88 94282 93924 93560 88 82762 82328 81876
89 94089 98725 93356 89 82500 82060 81618
40 93898 93524 93151 90 82285 81795 81848
41 98694 938320 92948 91 81966 81527 81080
42 98491 98113 92782 92 81694 81255 80809
43 98286 92904 92519 98 81418 80979 80534
4 78 92698 92805 94 81188 80700 80256
45 92868 92480 92088 95 80854 80417 79974
46 92655 92264 91870 96 80564 80129 19689
47 92441 92047 91650 97 80271 79838 79400
48 92225 91828 91429 98 79972 79541 79106
49 92006 91608 91207 99 79668 79240 78809
50 91787 91386 90953 100 19358 78983 78507

1 D4t = Density at 15° C referred to water at 4° C
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Suppose this 1s found to be 0.98123 at 2%, by comparing the
figures 1n Table 1 for 22 and 2% at about this density 1t will be
seen that the decrease of density in alcohol of this strength 1s
about «1 vl for each 1° C. between 20° and 25°. Hence by
adding 3 x 0.000294 to 0.98123 (the density at 2%) we obtain
0.98211 as the density at 22, which 1s found from Table 1 to
correspond to 9 81 per cent of alcohol by weight. The nterpo-
lation for tempeiature 1s apt to introduce a slight error, for
which reason as well as to sumplify calculation 1t 1s preferable
to adjust the pyknometer always at 20° or 25° 1f practicable

To use Table 2 find the weight of distillate which the pyk-
nometer holds at 15.56° and divide by the weight of water
which 1t holds at the same temperature. In this case the
woerghings are not corrected for displaced air (since this correc-
tion was apparently not made in determining the data from
which the table was constructed), but 1t 18 necessaiy to exei-
cise great care in the control of the temperature, since 15 56°
is much below the usual working temperature of the laboratory.
The water content of the pyknometer may be observed at a
higher temperature and calculated to 15 56° from the data in
Table 3; but since with 11s1ng temperature alcohol expands at
an uneven rate the adjustment of the pyknometer with the dis-
tillate must be at or near the standard temperature, though 1f
only a few degrees from standard the temperature may be
taken, the weight divided by the weight of water at 15.56° to
find the “apparent specific gravity,” then correct this by the
following empirical formula given by Allen,! in which D 1s the
specific gravity at 15.56°, D' the “apparent specific gravity,”
and d the difference (1n degiees centigrade) between 15.56° and
the temperature at which D' was detetmined :

1-— I)’>
150
The correction 1s added to or subtracted from D’ according

as the pyknometér was filled and adjusted at a temperature
above or below the standard.

D=D+d (0.00014 +

1Commercial Organic Analysis, Vol I (8d Ed ) p 93
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TABLE 2 — PERCENTAGE OF ALCOHOL BY WEIGHT AND BY VOLUMF

[Recalculated from the determinations of Gilpin, Drinkwater, and Squibb, by
Epcar RiCHARDS ]

5 3 E ) 3 2 g 2 2
= S o S w = 2 o S = = S @ ]
= | ZE | 8% | i- | ZE | 83 | &= | 3P| i3
Y] 2% = e= 273 R = - EE
-] & S 55 7, s . s 8 SIS 8 »
2 5 & 52 g 5B 52 2 5 e 5°
7 Y -9 @ -1 B a ~ -9
1 00000 000 000 0 99281 500 400 0 98660 10 00 8.04¢
0 99984 10 08 268 10 08 049 10 12
968 20 16 255 20 16 637 20 20
953 30 24 241 30 24 626 30 29
937 40 32 228 40 32 614 37
99923 0 50 040 99215 550 4 40 98603 10 50 845
907 60 48 202 60 48 592 58
892 70 56 189 70 56 580 70 ol
877 80 64 175 80 64 569 80 70
861 90 71 162 90 72 557 7
99849 100 079 99149 6 00 4 80 98546 1100 8 86
834 10 87 136 10 88 535 10 9
819 20 95 123 20 % 524 20 902
805 4 103 111 30 505 | 513 30 11
790 40 11 098 40 13 502 40 19
9775 | 150 119 99085 | 630 521 98401 | 1150 927
760 60 27 072 60 29 479 60 35
745 70 35 059 70 37 408 70 43
731 80 43 047 80 45 457 80 51
716 90 51 034 950 53 446 59
99701 200 159 99021 700 561 98435 12 00 967
087 10 67 009 10 69 424 10 75
672 20 75 9899 20 7 413 20 83
658 30 83 984 30 86 402 30 92
643 40 91 971 40 “ 391 40 10 00
99629 | 250 199 98959 | 750 602 98381 | 1250 | 1008
615 60 207 947 00 10 370 60 16
600 70 15 0934 70 18 359 70 24
586 80 23 922 80 26 348 80 33
571 90 31 909 90 34 337 90 41
99557 300 239 98897 800 642 98326 13 00 1049
543 10 47 885 10 50 315 10 57
529 20 55 873 20 58 305 20 65
515 30 o4 8ol 30 67 204 30 74
501 40 72 849 40 % 283 82
9487 350 2 80 98837 8 50 6 83 98273 13 50 10 90
473 060 88 825 60 91 262
459 70 96 813 70 99 251 70 1106
445 80 304 801 80 707 240 80 15
431 90 12 789 90 15 230
99417 400 320 98777 900 723 98219 14 00 1131
403 10 28 763 10 31 10
390 20 36 754 20 39 198 20 47
376 30 44 742 30 48 188 30 56
5 40 52 730 40 56 177 64
99349 450 3 60 98719 9 50 764 98167 14 50 1172
60 68 707 60 72 156 80
322 70 76 695 70 80 146 70 88
308 80 84 683 80 88 135 80 97
295 90 92 672 20 96 125 90 12 05
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PERCENTAGE OF ALCOHOL BY WFIGHT AND BY VOLUME — Continued

[Recalculated from the determinations of Gilpin, Drinkwater, and Squibb, by
EpGar RicHARDS ]

S 3 3 s z 2 B =] °
'E Qe Y E € e g « g 'g 2 g =
En |82 | 2% ) Ep d2 | %) Er | i2 | :%
g% | 8% | 82 || g= | 5% | 5B [ &3 | 5% | %k
5 & RS LIS S a 82 © 5 g = S b 5 2

2 5~ 5 ° 2 5 ~° 5~ 2 5~ 5

@ M & | = I & @ & &
098114| 1500 | 1213 /[ 097608 | 2000 | 1626 | 097097 | 2500 | 2043
104 10 21 | 598 10 3 086 10 51
093 20 29 588 20 42 076 20 60
083 30 38 578 30 51 065 30 08
073 46 568 40 59 055 40 id
98063 | 1550 | 1254 97558 | 2050 | 1667 97044 | 2550 | 2085
052 60 62 547 60 75 033 60 93
042 70 70 537 70 84 023 70 | 2102
032 80 79 527 80 92 012 80 10
021 90 87 517 9% | 1701 001 90 19
98011 | 1600 | 1295 97507 | 2100 | 1709 96991 | 2600 | 2197
001 10 | 1303 407 10 17 980 10 35
97991 20 12 487 20 % 969 20 44
30 20 477 30 34 959 30 52
970 29 467 40 43 949 40 61
97960 | 1650 | 1337 97457 | 2150 | 1751 96937 | 2650 | 2169
60 45 446 60 59 %6 60 77
940 70 53 4% 70 67 915 70 86
9 80 62 426 80 76 05 | 80 9
919 90 416 9% 84 894, 90 | 2203
97909 | 1700 | 1378 97406 | 2200 | 1792 96883 | 2700 | 2211
899 10 39 10 | 1800 872 10 20
889 20 94 386 20 09 861 20 28
879 30 | 1403 375 30 17 850 30 37
869 11 35 40 % 839 40 45
97859 | 1750 | 1419 1355 | 225 18 34 96828 | 2750 | 2254
o1 345 60 42 816 60 62
70 35 335 70 51 805 70 71
828 80 4 324 80 59 794 80 79
818 52 314 68 783 90 88
97808 | 1800 | 1460 97304 | 2300 | 1876 %772 | 2800 | 2296
798 10 68 204 10 84 701 10 | 2304
788 20 7 | 283 20 92 749 20 13
718 30 8 213 30 | 1901 738 30 21
768 40 9 | 263 40 09 7% 40 30
97758 | 1850 | 1502 :| 97253 | 2350 | 1917 9715 | 2850 | 2338
748 60 10 242 25 704 60 47
738 70 18 232 70 34 092 70 55
728 80 27 292 80 42 681 80 64
718 38 211 90 51 669 %0 72
97708 | 1900 | 1543 97201 | 2400 | 1959 96658 | 2900 | 2381
698 10 51 191 10 67 646 10 89
688 20 59 180 20 76 635 20 98
. 678 30 68 170 30 623 30 | 2406
668 40 76 159 40 93 611 40 15
97658 | 1950 | 154 97149 | 2450 | 2001 96600 | 29350 | 24923
648 60 93 139 60 09 587 60 32
638 70 | 1601 128 70 18 576 70 40
628 80 09 118 80 26 564 80 | ' 49
. 618 %0 18 107 %0 35 553 90 57
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In the writer’s laboratory this formula has given fairly satis-
factory results when applied to temperatures differing but little
from the standaid. The actual weighing of the pyknometer
must always be made at a temperature above the “dew point,”
but a pyknometer which provides for expansion of 1ts contents
without loss may be filled and adjusted at the standard tem-
perature and then allowed to stand until 1t reaches room
temperature before weighing.

TABLE 3 — DENsITY OF PURE WATFR FREE FROM AIR!

Temperature Density Temperature Density

4°C 1 0000000 21° C. 09980233
15 09991266 22 09978019
15 56 09990415 23 09975702
16 09989705 24 09973286
17 09988029 25 09970770
18 09986244 26 09968158
19 09984347 27 09965451
20 09982343 28 09962652

Refractometer Method

In solutions containing only alcohol and water, such as the
distillates obtained in the specific gravity method above de-
scribed, the percentage of alcohol can be found from the index
of refraction as well as from the specific gravity. The recently
mtroduced “1mmersion 1efractometer ” 1s the most convement
form of apparatus for this purpose. Figure 4 shows the appara-
tus complete 1n position for an observation, while Fig. 5 shows
the positions of the principal parts.

The iquid to be examined 1s placed in a small beaker sur-
rounded by water of the required temperature, usually 17.5°
or 20° and the refractometer 1s suspended from the wire frame

1 According to Chappius (Bureau mternational des Pouds et Mesures, Travaux
et Mémoires XIII, 1907) The data given above are taken from the table pub-
hished by the Bureau of Standards, which shows density for each tenth of a
degree from 0 to 41° C, referred to water at 4° C as unity.

C
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n such a position that the prism is immersed 1 the hquid to
be observed. By means of a muior the light tiom a window
1s reflected thiough the glass bottom of the water bath and
upward through the 1efiactometer On looking downward
thiough the ocular Oc and the telescope of the refiactometer

Fic 4 —Geneial view of immersion 1¢ f1actometer
(Courtesy of Limer and Amend )

one observes the border line of total reflection, the upper part
of the field of vision being light and the lower part shaded.
A scale, marked ;in degiees of arbitrary but known and con-
stant value, extends from top to bottom of the field of wvision,
and the position of the boider of the shadow upon this scale
indicates the index of refraction. The mndex of refraction cor-
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responding to each degiee of the immersion refractometer scale
1s shown 1n Table 4.

In using this refiactometer, after everything is in position
1t should be allowed to stand ten minutes before taking obser-
vations 1n order to insure umformity of temperature. The

Fic 5 — Sectional view of immersion 1efractometer

(Courtesy of Eimer and Amend )

adjustment of the instrument should fiist be tested by taking
reading on distilled water The index at g should stand at
5 and the ocular Oc should be focused so that the edge of the
shadow 1s clearly marked. If when the micrometer screw Z
stands at zero the line lies between two of the scale degrees, 1its
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TABLE 4. — INDEx OF REFRACTION FOR EACH DKGRFE ON SCALE OF
THE IMMERSION REFRACTOMFTER

Scale reading |Index of refraction lScale reading|Index of refraction|Scale reading|Index of refraction
-5 1 32539 32 133972 69 1 35352
-4 132578 33 134010 70 135388
-3 1.32618 34 134048 71 1 35425
-2 132657 35 1 34086 72 1 35461
-1 132696 36 134124 73 135497

0 132736 37 134162 74 135533
1 132775 38 134199 75 135569
2 132814 39 134237 76 135606
3 1 32854 40 134275 77 135642
4 132893 41 134313 78 135678
5 132932 42 1 34350 79 135714
6 132971 43 1 34388 80 135750
7 133010 44 1 34426 81 135786
8 133049 45 1 34463 82 135822
9 133087 46 1 34500 83 135858
10 133126 47 134537 84 135894
11 133165 48 1 34575 85 1 35930
12 133204 49 134612 86 135966
13 133242 50 1 34650 87 136002
14 133281 51 1 34687 88 136038
15 133320 52 134724 89 136074
16 133358 33 134761 90 136109
17 133397 54 134798 91 136145
18 133435 55 1 34836 92 136181
19 133474 56 134873 93 136217
20 133513 57 134910 94 136252
21 133551 58 134947 95 1 36287
22 133590 59 134984 96 136323
23 133628 60 135021 97 136359
24 1 33667 61 135058 98 136394
25 133705 62 135095 99 136429
26 133743 63 135132 100 136464
27 133781 64 135169 101 1 36500
28 133820 65 1 35205 102 136535
29 133858, 66 1 35242 103 136570
30 1 33896 67 135279 104 1 36605
31 133934 68 135316 105 136640
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position may be estimated in tenths of a degree by the eye or
the micrometer screw Z may be turned until the line of the
shadow comes exactly to a scale division. The latter then in-
dicates the whole degrees and the tenths are read from the
scale on the micrometer screw This method 1s usually more
accurate than estimating the tenths by the eye alone, and has
the advantage that one may quickly turn the micrometer screw
back to zero and repeat the operation as often as desired, finally
averaging the readings. With water the reading, depending
upon the tempelature, should be as follows

900

145

175°
150

21° | 22°

1425( 140

23°
1375

240
133

Temperature C
Scale reading

25° | 20° | 27°
1325130127

28° | 29° | 30°
124121118

Having thus tested the adjustment of the instrument by
1eadings 1n water, the readings in the alcoholic solution are
taken in the same way. The percentages by weight of alcohol
corresponding to the scale 1eadings at 17.5° as found by Acker-
mann and Stemnmann?! are as follows:

TABLE 5 — PERCENTAGFS BY WEIGHT ¢F ALCOHOL CORRESPONDING TO
ScaLr READINGS OF Zk1s8 IMMFRSION REFRACTOMETER AT 17.5° C
(ACKLRMANN AND STFINMANN)

Scale reading Alcohol per cent Scale reading Alcohol per cent
150 000 195 2 80
155 032 200 310
160 064 205 3.38
165 095 210 3.67
170 125 215 396
175 157 220 422
180 187 225 449
185 219 230 476
190 249 235 502

For tables extending to higher percentages of alcohol (some-
times expressed as percentage by volume or grams per 100 cc.),

1 Ztschr f der gesamte Brauwesen, 28 (19056)
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see papers by Wagner, Wagner and Schultze, and Doroshevsk:
and Dvorzhanchik among references given at the end of this
chapter. The table given by the last-named authors 1s particu-
larly noteworthy, since 1t gives the actual index of refraction
for alternate percentages of alcohol from 0 to 100 and for the
temperatures 17 5°, 20°, 22°, 24° C.

For a tuller description of the 1mmersion refractometer see
Leach’s Food Inspection and Analysis (latest edition) or the
circulars furnished by the manufacturer of the instrument.

Boiling Point Method

In mixtures of alcohol and water containing no appreciable
amount of other volatile substances and only small quantities
of dissolved solds, the difference between the boiling point of
the mixture and that of pure water under the same conditions
gives a measure of the percentage of alcohol present. Fo1 the
rapid determination of alcohol on this principle, several forms
of ebullioscope have been devised. The liquid to be tested 1s
boiled under a reflux condenser while a thermometer bulb 1s
fixed just above the surface of the liquid so as to be entitely
surrounded by the vapor. The more common technical forms,
such as those of Pohl and Kappeller, have scales reading per-
centage of alcohol instead of thermometer scales. Water 1s
first boiled 1n the apparatus and the scale adjusted so that the
mercury stands at zero. If then the water be removed and the
sample introduced and brought to boiling under the same baro-
metric conditions, the point reached by the mercury column
shows the amount of alcohol present.

Wiley! uses a delicate differential thermometer with an
apparatus similar to that employed for the determination of
molecular weights by the boiling point method Up to five
per cent of alcohol, the depression of the boiling point 1s said
to be so regular that the results are entirely satisfactory for
practical work. Jn the ebullioscopes bearing scales graduated
in terms of alcohol, the variations in the boiling point curve at

1J Am Chem Soc , 1896, 18, 1063
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the higher percentages are, of course, allowed for. The boiling
point method 18 very rapid and gives results sufficiently accu-
rate for many purposes. Reference may be made to Vaubel!
for a general discussion of methods based on the determination
of the boiling point and to Freyer? for experimental results on
the influence of dissolved solids 1n the ebullioscopic determina-
tion of alcohol.

Oridation Method

Under smitable conditions ethyl alcohol can be quantitatively
oxidized to acetic acid by means of potassium dichromate in
the presence of sulphuric acid. The amount of alcohol can
then be ascertained either by determining the amount of dichro-
mate reduced? or by distilling and titrating the acetic acid
formed + The conditions of oxidation must be carefully regu-
lated, and as a rule the method 1s used only for the determina-
tion of very small amounts of alcohol, the specific gravity
method being preferable for the examination of any but very
dilute solutions. The alcohol must of course be separated by
distillation from any other oxidizable matter before the oxida-
tion method can be applied A comparison of the results ob-
tained by oxidation with those shown by the specific gravity
method may be useful in demonstrating the presence of homol-
ogous alcohols.

DETERMINATION AND IDENTIFICATION OF SMALL AMOUNTS
OF ALCOHOL

This subject has been studied by Bacon?® with special refer-
ence to 1ts application 1n demonstrating alcohohe fermentation
mn food products. Bacon recommends that the alcohol be con-
centrated by distillation after addition of salt (which as noted
above results in the alcohol being removed with a smaller

1 Quantitative Bestitmmung organischer Verbindungen Berlin, 1902

2 Z angew Chem , 1896, 654 °
3 Hehner Analyst, 1887, 12,25 Benedict and Norns J. Am Chem Soc,
1898, 20, 203 4 Dupre J Chem Soc , 1867, 20, 495

5U S Dept. Agriculture, Bureau of Chemistry, Circular No 74
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amount of water) after which the distillate 1s examined as to
density and index of refraction as well as by chemical tests to
demonstrate the presence of alcohol. In a typical experiment
given by Bacon, 1000 cc. of a 0.1 per cent solution of alcohol
were three fourths saturated with salt, 150 cc. distilled off,
this again three fourths saturated with salt and 25 cc. distilled
off. This distillate showed at 17.5° a refractometer reading
of 21.3 corresponding to 3.84 per cent of alcohol in the dis-
tillate or 0.096 per cent in the original sample, a recovery of
96 per cent of the amount present.

Bacon considers that if the refractometer reading and the
specific gravity indicate the same percentage of alcohol 1t 1s
almost a certainty that 1t 1s ethyl alcohol which 1s present, and
that the substance under examination contains the percentage
of ethyl alcohol equivalent to these constants As a further
demonstration Bacon recommends that the solution containing
the alcohol be tieated with a shight excess of paramtrobenzoyl
chloride and an equivalent amount of sodium hydroxide and
the mixture shaken until the odor of the acid chloride disap-
pears, when the crystalline ester (readily identified by 1ts melt-
ing pomnt of 57° C.!) may be collected and weighed. The
yield 1s stated to be T0 to 90 per cent when working with
small quantities of alcohol. If the paramtrobenzoyl chloride
1s not available, Bacon suggests benzoyl chloride, which when
used 1n the same way yields the benzoic acid ethyl ester (ethyl
benzoate), which may be weighed (yield said to be nearly
quantitative) and 1dentified by its odor and 1ts boiling point,
212° C., using for the determination of the latter the method
of Smith and Menzies?; and that in addition the 1odoform
reaction be applied since the only benzoic ester having an odor
similar to ethyl benzoate 1s the methyl ester, and methyl alcohol
does not give the 10doform reaction.

DETECTION AND DETERMINATION OF METHYL ALCOHOL

The great differ8nce 1n price between denatured alcohol and
alcohol which has been subject to internal revenue tax some-

1 Ber., 1905, 38, 620 2 J. Am. Chem. Soc , 1910, 32, 897
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times results 1n the substitution of denatured alcohol in cases
where only ethyl alcohol should be used. This 1s detected by
demonstrating the presence of methyl alcohol, but since dena-
tured alcohol contains only one part of methyl to ten parts of
ethyl alecohol, 1t 18 evident that methods to be useful for this
pu1pose must be applicable to the detection of relatively small
amounts of methyl alcohol 1n the presence of relatively large
amounts of ethyl alcohol.

Many methods have been proposed for this purpose. Those
which probably have been most generally used are based upon
the oxidation of methyl alcohol to formaldehyde and the detec-
tion of the latter by one of the methods described in the next
chapter. In the methods of Mulliken and Scudder?! and of the
U.S. Pharmacopceeia (Edition of 1905, p. 34) the oxidation of
methyl alcohol to formaldehyde 1s accomplished by means of
a copper spiral which 1s heated until covered with oxide and
then plunged into the liquid, the copper being reduced and the
alcohol partially oxidized Vorisek? piefers to oxidize by
means of chiomic acid, and Bacon (loe eit ) 1ecommends that
5 to 8 grams of chromic acid be added to 100 cc. of the aqueous
methyl alcohol 1n a 200 cc. distilling flask and the first 10 ce.
of the distillate be tested for formaldehyde. The results of
such oxidation methods must be interpreted with caution, since
sevelal observers have 1eported formaldehyde among the prod-
ucts of oxidation of ethyl alcohol.

The Association of Official Agricultural Chemists have pro-
visionally adopted the methods of Trillat and of Riche and
Baidy. Trllat’s method3 1s based upon the observation that
the products of oxidation of ethyl and methyl alcohol combine
with dimethyl aniline to form bases which differ in their color
reactions. The method of Riche and Bardy* depends upon
the formation of methyl aniline violet.

1 4m Chem J, 1900, 24, 444 2 J Soc Chem Ind., 1909, 28, 823

8 Compt rend, 1898, 127, 232 dAnn chvm. anal, 1899, 4, 42 J
pharm chim , 1899, 9, 372 Analyst, 24, 13, 211, 212 ®Leach’s Food Inspec-
tion and Analysis, 2d Ed,p 760 U S Dept Agr, Bur Chem , Bul 107, p 99,

4 Compt rend , 1875, 80, 1076  Allen’s Commercial Organic Analysis, 4th

Ed, Vol I, p 98 Leach’s Food Inspection and Analysis, 2d Ed, p 751
U S Dept Agr, Bur Chem., Bul 107, p 99.
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The Method of Leach and Lythgoe® depends upon the fact
that although ethyl and methyl alcohol 1n solutions have very
stmilar densities, they differ considerably in their indices of
refraction. This difference 1n properties 1s utilized both 1n
detecting the presence of methyl alcohol and 1n estimating 1its
amount as follows :

Submit the alcoholic distillate obtained in the determination
of alcohol to refraction with the immersion 1efractometer at
exactly 20° C. and note the reading. If on reference to the
table the refraction shows the percentage of alcohol agreeing
with that obtained from the specific gravity in the regular
manner, 1t may safely be assumed that no methyl alcohol 1s
present. If, however, there 1s an appreciable amount of
methyl alcohol, the low 1efractometer reading will at once 1n-
dicate the fact.

Addition of methyl to ethyl alcohol decreases the refraction
m direct proportion to the amount present; hence the quan-
titative calculation 1s readily made by interpolation in the
table, using the figures for pure ethyl and methyl alcohol of
the same alcoholic strength as the sample.

Ezxample : Suppose the distillate from a vanilla extract made
up to the original volume of the measured portion taken for
the alcohol determination has a specific gravity of 0.97350,
corresponding to 18 38 per cent alcohol by weight, and has a
refraction of 35.8 on the immersion refractometer at 20°. By
interpolation 1n the refractometer table the readings of ethyl
and methyl alcohol corresponding to 18.38 per cent alcohol are
47.2 and 25.4, respectively, the difference being 21.8, 47 2—
35.8=11.4; (11.4+21.8)100=52.3, showing that 52.3 per cent
of the alcohol present 1s methyl.

The Method of Thorpe and Holmes? 1s probably the best for
the quantitative analysis of mixtures of ethyl and methyl
aleohols in cases in which the immersion refractometer 1s not
available. It depends upon the oxidation of the mixture of

[

1y Am Chem Soc, 1905, 27,964 U S Dept Agr.,, Bur Chem., Cir 29
and Bul 107
2J Chem Soc, 1904, 85, 1
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TABLE 6 — ScALE READINGS ON ZEISS IMMFRSION REFRACTOMETER AT
20° C, CORRESPONDING TO kACH PrFrR CENT BY WEIGH1 OF ETHYL
AND METHYL ALCOHOLS (Lracu AND LYTHGOE)

» | Bcale readings ||, =| Scale readings ||,, 2| Scale readings ||.. 2| Scale readings
] EH EH £3¥
5% ; Methyl | Fthyl ||s'g : Methyl | Ethyl |58 i Methyl | kthyl {573 i Methyl | Ethyl
g5 .~ sleohol | aleohol [|&5 5| alcohol | aleohol a5 2| alcohol | aleohol || 5 S| alcohol | alecohol
0145|145 26| 303 | 619 51| 397 | 911| 76 290 |1010
11148160 27 | 309 | 637 || 52| 396 | 918 77 283 |1009
21154 | 176 ) 28 | 316 | 655 53 | 396 | 924 78| 276 |1009
31160191 29| 322 | 6721 54 | 395 | 930 79| 268 |1008
41166 | 207 30| 328 ] 690 55| 394 | 936 80| 260 [1007
5117212231 311335704 | 561|392 | 041 81| 251 {1006
6178|241 32| 341 | 717 || 57 | 390 | 947 82| 243 1005
7118412591 33| 347 [ 731 58| 386 | 952 83| 236 {1004
81190 | 278 34| 352 | 744 || 59 | 383 | 057 84| 228 {1003
9| 196 | 206 35| 358 | 758 60| 379 | 962 8| 218 |1001
10| 202 | 314 )| 36| 363 | 769 | 61 | 375 | 967| 86| 208 | 998
11 | 208 | 332 37| 368 | 780 (| 62 | 370 | 971 87| 197 | 995
12 1 214 | 350 38| 873 | 791 | 63 | 365 | 975 88| 186 | 992
131220 | 369 || 39 | 377 | 802 11360 ) 98014 8| 173 | 939
14 1 226 | 387 || 40 | 381 | 813 (| 65 | 355 | 983 90| 161 | 986
151 232 405 41 | 384 | 823 | 66| 350 | 987 91| 149 | 983
16 | 239 | 425 | 42 | 388 | 833 || 67 | 345 | 991 92| 137 | 978
17 | 245 | 445 43 | 392 | 842 68 | 340 | 994 93| 124 | 972
18 [ 252 | 465 | 44 | 393 | 852 69 | 335 | 997 94| 110 | 964
19 | 258 | 485 ) 45| 394 | 862 | 70| 330 |1000) 95| 96| 957
20 |1 265 | 505 | 46 | 395, 870 | 71 { 323 [1002( 96| 82| 949
21 | 271 | 524 |1 47 | 396 | 878 | 72 | 317 {1004 7 67| 940
22 | 278 | 543 | 48| 397 | 87| 73 {311 {1006 98] 51| 930
23 | 284 | 563 | 49| 398 | 895 | 74+ | 304 |1008| 99 35| 920
2419291 {582 50| 398 | 903 75| 297 {1010{100f 20| 910
25 1 297 | 601

ethyl and methyl alcohols under such cogpditions that the
former 1s converted nto acetic acid while the latter 1s com-
pletely oxidized to carbon dioxide and water. The total
amount of alcohols (estimated as ethyl alcohol) having been
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determined by distillation and specific gravity, a part of the
distallate 1s mixed with water in such proportions that 50 cc.
of the mixture shall contain not more than 1 gram of methyl
alcohol nor more than 4 grams of ethyl and methyl alcohols
together. Fifty cubic centimeters of this mixture are intro-
duced into a 300-cc. flask having a tight stopper and fitted
with a funnel and side tube, 20 grams of potassium dichromate
and 80 cc. of dilute sulphuric acid (1-4) added, and the mix-
ture allowed to remain for 18 hours. A further quantity of 10
grams of potassium dichromate and 50 cc. of sulphuric acid
mixed with an equal volume of water are now added, and the
contents of the flask heated to the boiling point for about 10
minutes, the evolved carbon dioxide being swept out of the
apparatus by a current of air and collected 1n weighed soda-
lime tubes. Under these conditions each gram of ethyl alco-
hol was found to yield about 0 01 giam of carbon dioxide.
The 1emaining carbon dioxide found 1s calculated as being
derived from the complete oxidation of methyl aclohol

DETERMINATION OF AMYL ALCOHOLS OR FUSeEL OiIL

The amyl alcohols are the principal constituents of fusel oil,
and most of the methods proposed for the determination of
fusel o1l 1n distilled liquors are essentially attempts to estimate
the amyl alcohols. In order to separate the amyl alcohols
from the relatively laige amounts of ethyl alecohol ordinarily
present, advantage 1s taken of the fact that the former are
much more soluble 1n chloroform or carbon tetrachloride than
18 the latter, so that on shaking a small amount of chloroform
or carbon tetrachloride with a distillate contaiming ethyl and
amyl alcohols practically all of the amyl alcohols and only
a httle of the ethyl alcohol 1s extracted by the chloroform or
the carbon tetrachloride.

The amount of, amyl alcohols or of fusel o1l 1s usually esti-
mated either:

1. By extracting under fixed conditions with an accurately
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the increase in volume of the chloroform layer (Roese’s
method).

2. By extracting with carbon tetrachloride, oxidizing the
alcohols of the extracted fusel o1l to the corresponding acids
by means of potassium dichromate, and distilling and titrating
the acids thus formed (Allen-Marquardt method).

Both of these methods have been adopted provisionally by
the Association of Official Agricultural Chemists and are given
in full on pp. 97-98, Bul. 107 (Revised), Bureau of Chemistry,
U. S. Dept. Agriculture.

OFFICIAL REQUIREMENTS AS TO PURITY

Ethyl Alcohol

The U. S. Pharmacopceia mn addition to the requirements
above given and a test which 1s supposed to show methyl
alcohol 1f more than two per cent 1s present, prescribes the fol-
lowing tests of purity for alcohol :

It should not affect the color of blue or red hitmus paper previously
moistened with water

If 50 cc of alcohol be evaporated 1n a clean vessel, no color or weighable
residue should remain

If 10 cc. of alcohol be mixed with 5 cc of water and 1 cc of glycerin,
and the mixture allowed to evaporate spontaneously from a piece of clean,
odorless blotting paper, no foreign odor should become perceptible when the
last traces of the alcohol leave the paper (absence of fusel o1l constitu-
ents)

1f 25 cc be allowed to evaporate spontaneously 1n a porcelain evaporat-
ing dish, carefully protected from dust, until the surface of the dish 1s
barely moist, no red or brown color should be produced upon the addition
of a few drops of colorless, concentrated sulphuric acid (absence of amyl
alcohol, or non-volatile carbomzable, organic 1mpurities, ete ).

1f 10 cc of alcohol be mixed 1n a test tube with 5 cc of potassium
hydroxide test solution, the hiquid should not at once assume a yellow
color (absence of aldehyde or oak tannin)

If 20 cc of alcohol be shaken 1n a clean glass-stoppered vial with 1 ce of
silver mitrate test solution, the mixture should not beconte more than faintly
opalescent, nor acquire more than a faint brownish tint when exposed for
si1x hours to diffused daylight (limit of orgamic impurities, amyl alcohol,
aldehyde, etc.).
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Methyl Alcohol

The following requirements have been established by the
Bureau of Internal Revenue for methyl alcohol to be used in
denaturing grain alcohol .

The methyl alecohol submitted must be paitially purified wood alcohol
obtained by the destructive distillation of wood It must conform to the
following analytical 1equuements

1 Color — This shall not be darker than that produced by a freshly pre-
pared solution of 2 cc of tenth-normal i1odine diluted to 1000 cc with
distalled water

2 Specific Gravity — It must have a specific gravity of not moie than
0830 at 60° F (15 56° C ), cortesponding to 91° of Thralles’ scale

3 Boiuing Point —One hundred cubic centimeters slowly heated 1n a
flask under conditions as desciibed below must give a distillate of not less
than 90 cc at a temperature not exceeding 75° C at the noimal pressure of
the barometer (760 mm ) One hundred cc of wood spirit are 1un mto a short-
necked copper flask of about 180-200 cc capacity and the flask placed on an
asbestos plate having a circular opeming of 30 mm diameter Inthe neck of
this flask 1s fitted a fractionating tube 12 mm wide and 170 mm long, with
a bulb just 1 centimeter below the side tube which 1s connected with a Lie
big’s condenser having a water jacket not less than 400 mm long In the
upper opening of the fiactionating tube 13 placed a standardized thermome-
ter, so adjusted that 1ts mercury bulb comes 1 the center of the bulb  The
distillation 1s conducted 1n such a manner that 5 cc pass over 1n one minute.
The distillate 13 1un mnto a graduated cyhnder, and when the tempeiature
of 75° C ,has been 1eached at the noirmal barometric pressure of 760 mm at
least 90 cc shall have been collected

Should the barometer vary from 760 mm during the distillation, 1° C
shall be allowed for every vanation of 30 mm For example, at 770 mm
90 cc should have distilled at 753° C, and at 750 mm 90 cc should have
distilled at 74 7° C

4 Muscibility unth Water — It must give a clear or only shightly opales-
cent solution when mixed with twice its volume of water

5 Acetone Content — It must contain not more than 25 nor less than 15
grams per 100 cc of acetone and other substances estimated as acetone when
tested by the following method (Messinger)

One cubic centimeter of a mixture of 10 cc wood alcohol with 90 cc of
water 15 treated with 10 cc of double normal soda solution Then 50 cc of
tenth-normal 10d1nefsolution are added whale shaking, and the mixture made
acid with dilute sulphuric acid three minutes after the addition of the
10odine The excess of 1odine 1s titrated back with tenth-normal sodium
thiosulphate solution, using a few drops of starch solution for an indicator.
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From 155 to 258 cc of tenth-normal 10dine solution should be used by
the spnit  The solution should be kept at a temperature between 15° and
20° C
Calculation
a = grams of acetone 1n 100 cc of spint
y = number of cubic centimeters of tenth-normal iodine solution required.
N = voluine of spint taken for titration
_ ¥ x 0096672
Then z = N
6 Esters —1It should contain not more than 5 grams of esters per 100 cc
of spnit, calculated as methyl acetate and determined as follows
Five cubic centimeter s of wood spuit are run mnto a flask and 10 ec normal
sodmun hydroxide iree fiom carbonates are added, and the flask connected
with a retuin condenser and boiled for two howrs Instead of digesting at
boiling temperature the flask may be allowed to stand overnight at room
temperature and then heated on a steam bath for thirty minutes with an
ordinary tube condenser The hiquid after digestion 13 cooled and titrated
with normal sulphunie acid, using phenolphthalein as an indicator

Methyl acetate, mn grams) _ 071 x cc of noimal soda required x 100
per 100 cc of spmit cc ot spirit taken ’

7 Bromine Absorption — It must contain a sufficient quantity of impurities
derived from the wood so that not more than 25 cc nor less than 15 cc shall
be 1equired to decolorize a standard solution containing 0 5 gram of bromine,
as follows

The standard bromine solution 13 made by dissolving 12406 grams of
potassium bromide and 3481 giams of potassium bromate (which 1s of
tested purity and has been dried for two hours at 100° C ) 1n a hiter of watei.
Fitty cubic centimeters of the standard solution contaming 05 giram of
bromine are placed 1n a glass-stoppered flask having a capacity of about 200
cc This 13 acidified by the addition of 10 cc of diluted sulphuric acid
(1 4), and the whole shaken and allowed to stand a few mnutes The
wood alcohol 15 then allowed to flow slowly into the mixture, drop by drop,
fiom a burette until the color 1s entirely discharged The temperature of
the maxture should be 20° C

In addition to the above requnements the methyl alcohol must be of such
a chaiacter as to 1ender the ethyl alcohol with which 1t 18 mixed unfit for
use as a beverage
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CHAPTER II
Aldehydes

THE most important methods for the detection and deter-
mination of aldehydes ate based upon reactions of oxidation, of
condensation, and of direct addition In this chapter the
analytical application of these 1eactions will be illustrated by
methods for formaldehyde, benzaldehyde, and vanillin.

The 1eadiness with which aldehydes undergo oxidation gives
them the propeity of reducing ammoniacal silver solution, which
18 the basis of one of the most delicate qualitative tests for this
group of compounds  The test may be cariied out as follows !

Mix, 1n a test tube previously cleaned with hot sodium hy-
droxide solution, 1 cc of ammoniacal silver mitiate solution
(containing one part of silver nitiate 1n ten parts of ammonium
hydroxide of 0 923 sp gr.) and 1 cc of ten per cent sodium
hydroxide solution. Shake the mixture in the tube and then
allow two or three drops of the solution to be tested to flow
slowly down the moistened glass surface into the reagent.
Shake and allow to stand cold for five minutes Aldehydes
(and a few other compounds 1ncluding some of the polyatomic
alcohols) cause the production of a dark brown or black pre-
cipitate or muiror of metallic silver. This 1eaction 18 given by
all of the ordinary aldehydes of the fatty series, including the
aldose carbohydrates, but not by all aromatic aldehydes.

The ammoniacal silver solution and the sodium hydroxide
must not be mixed in advance and must always be kept cool, as
a dangerously exploswe precipitate 1s apt to form on warming

1 Noyes and Mulliken Identification and Class Reactions of Orgame Sub-
stances, Mulliken Identification of Pure Orgamic Compounds, Vol. I, p 22

34
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- on long standing. The use of a mixture of sodium hydroxide
1d ammoniacal silver nitrate (Tollens’ aldehyde reagent) makes
1e test more delicate than when the ammoniacal silver solution
used alone.

Alkaline solutions of other metals are reduced by many alde-
ydes, especially on boiling, and many quantitative methods for
wdividual aldehydes are based upon the determination of the
nount of metal 1educed.

Condensation reactions, especially with phenylhydiazine,
ydi1oxylamine, and phenols, are often used for the detection and
ymetimes for the determination of aldehydes. A general dis-
isston of such methods will be found 1 the works of Vaube
id of Meyer  Several special methods will be described 1n
s and the two following chapters.

Of the addition reactions of aldehydes, that with bisulphite 1s

especlally wide application  On shaking a hiquid aldehyde

* a concentiated solution of aldehyde 1n water or ether, with
1 equal volume of stiong sodium bisulphite solution, addition
kes place with the formation of the saturated compound
CH(OIH)SO4Na which usually separates as a white crystalline
-ecipitate  Ketones containming the CH;CO gioup also give
1e reaction. A negative result 1s not conclusive, as the addi-
on product may be too soluble to appear as a precipitate.

According to Rippe1,! the bisulphite reaction can be utilized
i the determination of any aldehyde soluble 1n water or which
wn be brought mmto solution by a small amount of alecohol. A
1e half per cent solution of the aldehyde 1s mixed with twice
s volume of a solution of potassium bisulphite of known
rength (about 12 grams per liter), and after 15 minutes the
tcess of bisulphite 1s determined by titration with 1odine.
ipper applied this method with satisfactory results to solu-
ons of formaldehyde, acetaldehyde, benzaldehyde, and vanillin

A similar addition reaction gives rise to the well-known and
elicate * fuchsin test ” for aldehydes. This tegt, as developed
y Mulliken,? 1s as follows

1 Monatsh Chem , 1900, 21, 1079
2 Identification of Pure Organic Compounds, Vol I, p 15.
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To prepare the fuchsin aldehyde reagent, dissolve 0.2 gram
of rosanilin, or, 1f the free base cannot be obtained, of the hydio-
chloride or acetate, 1n 10 cc. of a freshly prepared, cold, saturated
aqueous solution of sulphur dioxide. Allow the solution to
stand until all signs of pink disappear and 1t becomes colorless
or pale yellow. This will require several hours. Then dilute
with water to 200 cc. and preserve for use 1n a tightly stoppered
bottle.

To 5 ce. of this reagent add 0 05 gram, or one drop, of the
substance to be tested (1f pure, or a few drops if in solution).
If the substance 1s a liquid, or dissolves 1n the 1eagent, allow to
stand two minutes and observe the color. If the substance does
not dissolve, shake gently for two minutes and then observe the
colot. The appearance of a distinct pink, red, purple, or blue
coloration indicates the presence of an aldehyde. The test to
be of value must be applied under carefully regulated conditions.
The reagent 1s reddened by alkalies or alkaline salts of weak
acids, by heating or by long exposure to air at ordinary tem-
perature. In general, the test as here described distinguishes
aldehydes other than carbohydrates fiom the latter and from ke-
tones. A few acetals show the reaction through being partially
hydrolyzed to aldehydes under the conditions of the test Ace-
tone and some other soluble ketones prepared by destiuctive
distillation gradually 1edden the reagent 1f added to 1t 1n large
quantity or 1if allowed to remam in contact for a number of
minutes ; but this 1s thought to be due chiefly, if not wholly,
to the presence of traces of aldehydes or acetals (Mulliken).

This reaction serves for the detection of minute quantities of
aldehydes present as impurities in commeicial alcohol, and for
the colorimetric estimation of aldehydes in distilled liquors.!

FORMALDEHYDE

Formaldehyde gas, produced by the partial oxidation of
methyl alcohol, 18 freely soluble in water and is most com-
1 Medicus Forschungsber uber Lebensmattel, 1895, 1, 299. Bul. 107, Bur

Chem , U S Dept Agriculture Tolman and Trescott J Am. Chem Soc.,
1906, 28, 1619
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monly handled as a 85 to 40 per cent aqueous solution. Such
solutions are often designated formalin, formol, or formal.
More dilute solutions are sometimes sold as food preservatives
under fanciful or misleading names.

In dilute aqueous solution, formaldehyde exists in the
“ monomolecular ” state, as CH,0. Such solutions do not
change 1f kept at ordinary temperature in closed vessels.
When an aqueous solution 1s concentrated either by sponta-
neous evaporation or by heating, a white flocculent deposit
appears. If the solution 1s then separated from the deposit, 1t
1s found to contain condensed or polymerized formaldehyde.?
The material which deposits from a concentrated aqueous
solution of formaldehyde has, after drying, the composition
(CH,0) H,0 to (CH,0)y H,02? It 1s amorphous, soluble
mn warm water, and has an odor resembling that of formal-
dehyde The paraformaldehyde of commerce consists essen-
tially of this material.

Metaformaldehyde (oxymethylene, ¢trioxymethylene ),
(CH,0),, may also be formed by evaporation of formaldehyde
solutions. By prolonged digestion at ordinary temperature
or by heating for a short time at 180°-150° with a large excess
of water, metaformaldehyde passes into solution and into the
“ mono-molecular ” form. Polymeric modifications of formal-
dehyde 1n aqueous solution resemble closely the original sub-
stance 1n 1ts behavior toward reagents, so that, as measured by
the ordinary methods, a solution does not lose strength by the
partial polymerization of the formaldehyde so long as all re-
mains 1n solution.

Commercial solutions of formaldehyde commonly contain
methyl alcohol and may contain small amounts of any of
the 1mpurities of commercial wood spirit. Solutions of the
usual strength, from 385 to 40 per cent, should have specific
gravities of about 1.08 to 1.11 at 15° lower figures ordina-

1 Tollens and Mayer Ber. 1888, 21, 1571, 3503 KPaut, Eschweiler, and
Grossmann Ann Chem , 1890, 258, 103

2 Losekann Chem Ztg , 1890, 14, 1408 Delephine Compt rend , 1897,
124, 15256 Beillstein Organische Chemie, Erganzbd , I , 467,
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rily indicating the presence of excessive amounts of methyl
alcohol.?

The methods given i this chapter for the detection and de-
termination of formaldehyde refer especially to the examina-
tion of commercial solutions containing only such impurities
as ordinarily occur 1n crude preparations of formaldehyde, or
substances which might be used with formaldehyde in preserva-
tive mixtures. The examination of food products for formalde-
hyde will be discussed in connection with other food preserva-
tives 1n a subsequent chapter.

If a solution to be examined contains dissolved solids which
interfere with the direct application of the tests as described,
1t can be acidified with a small excess of phosphoric or sulphuric
acid, distilled, and the test applhed to the distillate. The
latter, however, will never contain all of the formaldehyde,
since some 1s always polymerized and left as paraformaldehyde
1n the distilling flask.

DETECTION AND IDENTIFICATION

Resorcin Test?

Mix one drop of a 1 per cent aqueous solution of resorcin
with 1 cc. of a dilute aqueous solution (preferably about 0 2 per
cent) of the aldehyde. Allow the mixture to flow gently down
the side of an inclined test-tube containing 8-5 cc of pure con-
centrated sulphuric acid (or incline the test tube containing the
mixture and pour in the acid). Impart a gentle rotary motion
to the liquids by cautiously swaying the lower end of the tube
through a circle about a decimeter 1n diameter, 1n such a man-
ner as not to cause the disappearance of the two layers. If
formaldehyde 1s present, a red ring shghtly tinged with violet
will soon appear. Above this ring a light flocculent precip-

10n the determination of methyl alcohol in formaldehyde solutions see —
Duyk Ann chum anal, 1901, 6, 407, J Chem Soc , 1902, 82, 11, 110  Stri-
trar  Z anal Chem§ 1904, 43, 401 Gnehm and Kaufler Z angew Chem ,
1004, 17, 673, 1905, 18, 93 Bamberger Ihid , 1904, 17, 1246

3 Mulliken and Scudder Am Chem J, 1900, 24, 451 Mulliken Ident:-
fication of Pure Organic Compounds, Vol I, p 24
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itate, at first nearly white on 1ts upper surface and red-violet
beneath, but soon changing to flocks that are red throughout,
will be seen suspended 1n the aqueous upper layer.

This reaction 1s very satisfactory for solutions containing one
part of formaldehyde 1n 100 to 5000 parts of solution and can
be detected to a dilution of 1-100,000. A similar reaction 1s
obtained 1f phenol 1s used 1nstead of resorcin.

Gallic Acid Test?!

Mix 0 2 cc. of a saturated solution of gallic acid in pure
ethyl aleohol, with 1 to 2 cc of the solution to be tested, and
mtroduce a layer of concentrated sulphuric acid, as 1n the
1esorcin test. In the presence of formaldehyde, a green zone
appears at the line of contact of the two hiquids. This gradu-
ally changes to a pure blue ring, which, in the case of pure
aqueous solutions of formaldehyde, can be detected without
difficulty at a dilution of 1 500,000 If the solution tested
contains as much as one pait of foimaldehyde mn 20,000, a yel-
lowish color appears immediately at the line of contact of the
two liquids  This quickly turns gieen, and the blue color de-
velops both above and below the green zone If other sub-
stances which give color reactions are also present, the upper
layer will vary in color, but the green and lower blue ring will
still appear beneath (Mulliken and Scudder). On <waving
the tube, or allowing 1t to stand for some time, the blue color
spreads throughout the zone and a pure blue ring is usually
obtammed  The color 1s quite permanent and appailently quite
characteristic, no other substance having been noted as giving
the blue ring  Acetaldehyde tested in the same way gives a
reddish brown coloration.

Hydr wehly0 Acid and Casewn Test?

Maix 5 ce. of the solution to be tested with 5 ce. of pure milk
1n a porcelain casserole, add 10 cc of concentrated hydrochloric
1Baibier and Jandrier Ann chim anal, 1, 825, Abs. Analyst, 1896,

21, 295. Mulhiken and Scudder Am Chem J, 1900, 24, 444
2 Leach Ann, Rept Mass State Board of Health, 1897, 5568 , 1899, 699.
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acid containing 0.002 gram of ferric chloride, and heat slowly
over a free flame nearly to boiling, meanwhile giving the cas-
serole a rotary motion to break up the curd. A violet colora-
tion indicates formaldehyde. According to Leach, various
aldehydes give color reactions under this treatment, but form-
aldehyde alone shows the unmistakable violet coloration. This
test 1s especially useful for the detection of formaldehyde in
milk, and will be more fully discussed in that connection.

Methylene-dv-B-naphthol Test

Since formaldehyde 1s frequently sold under other names, 1ts
wdentification by some method independent of the above color
reactions may be a matter of importance. In such cases the
following test given by Mulliken! will be useful.

Place 1n a test tube 3 diops of a 30 to 40 per cent, or 10
diops of a 10 per cent, solution of the formaldehyde, 3 ce. of
dilute alcohol (1:2), 0 04 to 0 06 gram B-naphthol, and 3 to 6
drops of concentiated hydrochloric acid Boil gently until
the liquid becomes filled with an abundant precipitate of small
white needles. Filter while hot. Wash with 1 cc. of dilute
alcohol (1 2). Boil the precipitate with 4 ce of dilute alcohol
(1.1). (It 18 not necessary that all should dissolve ) Cool
and filter off the precipitate  Wash with 1 ce of dilute alcohol
(1.1). Dry on porous tile in a warm place and determine
the melting point.

Methylene-di-B-naphthol, the product, forms white needles,
which, when the temperature in the neighborhood of the melt-
1ng point 1s raised at the rate of 1° in 15 seconds, begin to turn
brown at 180°. It melts with decomposition to a red-brown
hiquid at 189°-192° (uncorr.).

DETERMINATION BY OXIDATION

Todimetriec Method 2

This method depends upon the oxidation of formaldehyde to
formic acid by means of iodine 1n alkaline solution. Two atoms
1 Identification of Pure Organic Compounds, Vol I, p 24

2Romin Z anal Chem , 1897, 36, 18 Willams J Am. Chem Soc,
1905, 27, 596
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of 10dine oxidize one molecule of formaldehyde, and the excess ot
10dine 18 liberated by acidulation and determined by titration
with sodium thiosulphate.

CH,0 + I, + H,0 = CH,0, + 2 HI.

Reagents. — Standard solutions of 10dine and sodium thiosul-
phate, preferably about tenth-normal. Approximately normal
solutions of sodium hydroxide and hydrochloric acid

Determination. — Dilute a weighed portion of the sample with
a known quantity of water so as to obtain a solution containing
0 5 to 1 per cent of actual formaldehyde. Mix 10 cc. of this
solution with 25 ce. noimal sodium hydroxide and add from a
burette 50 to 75 cc. of tenth-normal 10dine solution or enough
to assuie an excess of 10odine as shown by the permanent yellow
color of the solution. Shake or stir thoroughly and after ten
minutes add 35 ce. normal hydrochloric acid and titrate with
sodium thiosulphate in the usual way, using starch solution as
indicator. At the same time determine the strength of the
1odine 1n terms of thiosulphate solution and from the amount
of 10dine consumed 1n oxidizing the formaldehyde calculate the
weight of the latter in the 10 cc. taken for the determination.

Notes — Under the conditions given the oxidation of form-
aldehyde 1s 1apid and complete but the method 1s apphcable
only 1n the absence of all other substances capable of consuming
10dine under these conditions Other aldehydes, acetone, and
alcohol cause high results, the latter probably through absorb-
ing 10dine with the formation of 10doform.

In the absence of interfering compounds, the method is very
satisfactory, even for solutions contamning only 0 1 per cent
of foimaldehyde Varations in the excess of 1odine added
have no appreciable influence upon the results.

Hydrogenl Perozide Method !

In this method, formaldehyde 1s oxidized to formic acid by
means of hydrogen peroxide 1n the presence®f a known amount
of alkali. CH,0 + H,0, = CH,0, + H,0.

1 Blank and Finkenbeiner Ber , 1898, 31, 2079 Haywood and Smith: J
Am OChoem Sor 1005 27 1182 Rnl 107 Rur Chem 17 S Dent Agriculture



42 METHODS OF ORGANIC ANALYSIS

The excess of alkali, over that required to combine with the
formic acid produced, 1s determined by titration.

The method 1s here described as used by the Association of
Official Agricultural Chemists.

Reagents. — Normal solutions of sodium hydroxide and sul-
phuric acid. Neutral! 3 per cent solution of hydrogen peroxide.
Solution of punified litmus as idicator.

Determination. — Measure 50 ce¢ of normal sodium hydioxide
mto a 500-ce. Eilenmeyer flask, add 50 cc hydiogen peroxide
solution, then 3 grams of the formaldehyde solution Place a
funnel 1n the neck of the flask and stand 1t on a steam bath for
5 muﬁltes, shaking occasionally dunng this time  Remove,
wash funnel with watei, cool to 10om temperature, and titrate
excess of alkali with noimal acid, nsing litmus as mdicator
Each molecule of sodium hydioxide which has been consumed
(deducting the amount requued to neutralize any free acid
which the peroxide solution or the ongmal solution of form-
aldehyde may have contamned) repiesents one molecule of
formaldehyde oxidized to formic acid

Notes — The use of exactly 3 grams of formaldehvde 1s not
essential, but the exact weight must of course be known Itis
convenlent to use a weighing bottle containing a small pipette,
measure out about 3 cc and obtain the weight by difference

Acetaldehyde 1s partially oxidized under the same conditions.
Its presence, therefore, causes high results, but not so high as
by the 10dimetric method. The results are not influenced by
the piresence of paialdehy de, acetone, or ethyl or methyl alcohol.
Commercial formalin containing only traces of acetone or
acetaldehyde should show the same percentage ot foimaldehyde
by the peroxide as by the 10dimetiic method.

DETERMINATION BY CONDENSATION REACTIONS

Several of the condensation reactions of formaldehyde have
been utilized for ifs quantitative determination. One of the
1If all available peroxide 1s acid, the acidity must be determined by titration,

using litmus as indicator, and allowed for n calculating the amount of alkal
consumed 1n the formaldehyde determination
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oldest and best-known methods 1s based upon the fact that
tormaldehyde and ammonia when mixed 1n not too dilute
solution condense to form hexamethylene tetramine .

6 CH,0 + 4 NH,OH = N,(CII,), + 10 11,0

If a known amount of ammonia 1s used, the determination
of the excess shows the amount of formaldehyde originally
present.

Legler's Ammoma Method?!

Weigh about 15 grams of the solution containing 30 to 40
per cent formaldehyde, or an equivalent amount of a more
dilute solution, into a 250-ce. glass-stoppered flask or bottle.
Add 100 cc of fifth-noimal ammonia solution, stopper tightly
at once, mix and allow to stand overnight at room tempera-
ture Standing for two or three days does no harm, provided
the stopper fits so tightly as to prevent any loss of ammonia.
Finally, add a very small amount of 10solic acid as indicator
and titrate the excess of ammonia with standard sulphuric acid.
Calculate the quantity of formaldehyde originally present from
the amount of ammomnia consumed 1n condensing with 1t ac-
cording to the equation given above.

Notes and Precautions — In order to prevent loss of ammonia
during the determination, the flask or bottle must be tightly
closed, the stopper being coated with vaseline 1if necessary.
For the same reason the excess of ammoma should be titrated
quickly after opeming the flask. Normal or half-normal
ammonia 18 commonly recommended for this method, but the
fifth-normal solution 1s less likely to lose strength and has been
found by Wilhams to give as complete reactions as the stronger
solutions. In titrating the excess of ammoma the end reaction
15 usually unsatisfactory, especially when the solution 1s highly
colored by the indicator. Two drops of a freshly prepared 0.1
per cent solution of rosolic acid have been found sufficient.

The results are not affected by the pr%sence of acetone,

1Lecler Ber, 1883, 16, 1338 Smith J Am Chem Soc, 1903, 25, 1028
Williams  loc cut
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methyl or ethyl alcohol, paraldehyde, or benzaldehyde. Acetal-
dehyde reacts with ammonia and thus causes high results 1f
present 1n the formaldehyde solution.

This method was formerly much used in analysis of com-
mercial formalin, but on account of the tendency toward low
results 1t 18 now generally displaced by the hydrogen peroxide
method.

DETERMINATION BY ADDITION REACTIONS

The general addition reaction of aldehydes with bisulphites
has been used quantitatively by Ripper, as already noted. For
the determination of formaldehyde, however, the reaction with
potassium cyanide has been found especially useful.

Potasstum Cyanmide Method?

On mixing aqueous solutions of formaldehyde and potassium
cyanmde an addition product 1s formed, which, according to
Romijn, 1s probably the potassium compound of oxyacetonitril .

CH,0 + KCN = CH,OK - CN.

The addition product reduces silver mtrate in alkaline solu-
tion, but has no effect 1n the presence of an excess of mtric acid.
If, therefore, the formaldehyde to be tested be mixed with a
known solution of potassium cyanide, the latter being 1n excess,
and the mixture added to a standard solution of silver
mtrate acidulated with mitric acid, only the excess of potassium
cyanmde reacts with the silver mitrate. The amount of formal-
dehyde originally present 18 shown by the quantity of potassium
cyanide consumed 1n the formation of the addition product.
The details of the method as here given are nearly identical
with those originally recommended by Romijn.

Reagents. — Tenth-normal solutions of silver nitrate and
ammonium thiocyanate. A solution of potassium cyamde 6.2
grams per lter. Saturated solution of ferric ammomum
sulphate. Nitric acid 1.32 sp. gr. (50 per cent).

1Romyn Z. anal Chém , 1897, 36, 18 Smith loc cit Wilhams Jloc
cut
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Determination. — (1) Measure 15 cc. tenth-normal silver
mitrate mto a 100-cc. flask, add 6 to 8 drops of the mitric acid
and 10 cc. of the cyanide solution; shake, dilute to the mark,
mix thoroughly, and filter through a dry paper. Titrate 50 cc.
of the filtrate with tenth-normal ammonium thiocyanate, using
5 cc. of the ferric solution as indicator. The strength of the
silver and of the thiocyanate solutions being known, this titra-
tion shows the strength of the cyanide

(2) Dilute the sample until 1t contains about 1 per cent of
formaldehyde, mix 10 cc. of this dilute solution with 85 cc. of
the cyanide solution, and 11nse the mixture ito another portion
of 15 cc. tenth-normal silver nitrate, acidulated with 6 to 8
drops of the nitric acid and contained 1n a 100-ce. flask ; shake
and determine the excess of silver by means of thiocyanate in
the same way as before. Twice the difference between the two
titrations (since only half the hiquid was used in each case)
represents the amount of cyanide consumed by the formaldehyde.
If the thiocyanate solution 1s exactly tenth-normal, twice the
difference (1n cubic centimeters) between the two titrations,
multiplied by 0.003002, gives the weight of formaldehyde (an
grams) 1n the portion taken for the determination.

Notes — This method 1s applicable to very dilute solutions of
formaldehyde, larger volumes being used in place of the 10 cc.
called for in the above directions. Smith obtained accurate
results upon a solution containing 0.01 per cent.

Ethyl and methyl alcohols, acetone, benzaldehyde, and paral-
dehyde do not interfere. Acetaldehyde causes high results 1f
allowed to stand for some time 1n contact with the cyanide
solution, but 1f the formaldehyde solution 1s added to the
cyamde and, after mixing, poured at once into the silver nitrate
solution, the presence of acetaldehyde does not influence the
results. With commercially pure solutions of formaldehyde 1n
water Romijn and Smith obtained concordant results by the
10dimetric and cyanide methods. Willhams obtained concord-
ant results by the ammonia and the cyanide’ methods, which
were shghtly lower than those obtained by the oxidation
methods.
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BENZALDEHYDE

Many methods have been advanced for the determination of
benzaldehyde. Among these the methods based on reactions
with phenylhydrazine and 1ts derivatives, and with neutral
sulphite, are worthy of special notice 1n that they are fairly
accurate and serve to 1llustrate the analytical application of
fairly general aldehyde reactions

PHENYLHYDRAZINE METHOD

By simple condensation benzaldehyde and phenylhydrazine
yield an 1nsoluble derivative which may be collected, washed,
dried, and weighed.

CH,CHO+CH,NH . NH,=C;H,CH : N . NH . C;H;+ H,0.
This method, as developed by Dems and Dunbar! and adopted

by the Association of Official Agricultural Chemists,? 18 as
follows :

Determination of Benzaldehyde in Almond FExtract (Dents and
Dunbar)

Reagent. — Add 1.5 cc of glacial acetic acid to 20 cc. of
water and mix with 1 cc of phenylhydrazine.

Manipulation. — Measure out two portions of 10 cc each of
the extract in 300 cc Erlenmeyer flasks and add 10 cec of the
reagent to one flask and 15 cc. to the other. Allow to stand
i a dark place overmght, add 200 ce. ot water, and filter on a
weighed Gooch crucible having a thin felt of asbestos Wash
first with cold water, finally with 10 cc. of 10 per cent alcohol,
and dry for three hours 1n a vacuum oven at 70° C., or to con-
stant weight over sulphuric acid. If the duplicate results do
not agree, repeat the determination, using a larger quantity of
the reagent.

NEUTRAL SULPHITE METHOD

Benzaldehyde,' in common with many other aldehydes, reacts
with neutral sodium sulphite 1n such a way that there results

1J Ind Eng Chem, 1907, 1, 256
2U S Dept Agr, Bur Chem , Bul 137, pp 74, 121

<
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the aldehyde-bisulphite addition product and sodium hydroxide,
thus.

C4H,CHO + Na,S0, + H,0 = C,H,CH(OH)SO,Na + NaOH.

The sodium hydroxide formed 1s titrated and furmshes a
measure of the amount of benzaldehyde which was present.

The details of this method as adopted in the U.S. Pharma-
copeera are as follows.

Assay of Benzaldehgde (U. S. Pharmacopeia)

Introduce into a 150-cc flask 10 cc purified kerosene, note
the exact weight, add 12 drops of benzaldehyde, and again note
the weight; add 20 cc. of water, 6 diops of phenolphthalein
solution, and neutralize exactly by the addition of tenth-normal
sodium hydroxide, shaking thoioughly. Then add from a
burette, gradually, a solution of sodium sulphite (1 in 5),
alternating with half-normal hydrochloric acid fiom a second
burette, until 10 cc of the sodium sulphite solution have been
added, and enough half-noimal hydrochloiic acid to maintain
the neutiality of the mixtuie, after adding a few diops of
phenolphthalein solution and shaking the flask frequently,
allow 1t to stand two hours to 1nsuie a permanent condition of
neutiality, and then note the volume of half-normal acid used.
Cairy out a blank test identical with the foregoing except
that the benzaldehyde 1s omitted and note the amount of acid
consumed

From the difference in volume of the half-normal acid used
in the two cases, calculate the amount of benzaldehyde which
reacted with sulphite according to the equation given above.

For discussion of the application of the neutral sulphite method
to other aldehydes see the papers of Burgess! and Sadtler?.

When this method 1s applied to aldehydes which have an
ethylene linkage, there may occur a further reaction with
addition of bisulphite at this point as well as at the carbonyl
group and a correspondingly increased libération of sodium

hydroxide.
1 Analyst, 29, 78 2J Am Chem Soc , 27, 1821
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VANILLIN

In the case of vamilhin, the sulphite method appears to be
inapplicable, and 1n this laboratory the bisulphite method has
given results somewhat too low.! Better results have been
obtained by the alkalimetric method of Welmans,? and by the
Hanus® method of condensation with p. bromphenylhydrazine:

C H,(OH)(OCH,)CHO + C,H(Br)NH . NH, =
C,H, (OH)(OCH,) CH: NH.NHC, H, Br+H,0.

Twenty-five cubic centimeters of a water solution containing
0.5 to 1 per cent of vamllin are treated with 75 cc. of a hot
water solution containing 0.5 to 0.75 gram of p. bromphenyl-
hydrazine. At the conclusion of the precipitation the mixed
hquid should be at about 50°, the precipitate 1s allowed to
stand 5 hours, filtered on a Gooch crucible, washed with hot
water till washings show no precipitation nor distinet color-
ation with silver nitrate, dried at 95°-100° to constant weight,
and weighed. With pure vanillin solutions this method gave
nearly theoretical results.!
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CHAPTER III

Carbohydrates — General Methods

THE carbohydiates mnclude the simple sugars (monosaccha-
rides) and the substances which can be conveited into simple
sugars by hydrolysis  The monosacchaiides are aldehyde alco-
hols or ketone alcohols, each molecule containing a caibonyl
group, erther as such o1 1n tautomeric torm, and several hydroxyl
groups, one of the latter bemg adjacent to the cabonyl group.

The puipose of this chapter 1s to outline the moie 1mportant
general methods and analytical properties of the following car-
bohydrates-

Monosaccharides Hexzoses — Dextrose (d. glucose), Levulose
(d fructose), Galactose, Mannose, Pentoses— Xylose, Arabin-
ose

Disaccharides Sucrose, Lactose, Maltose.

Trisaccharide: Raffinose

Polysaccharides Staich, Dextrin, Glycogen, Galactan, Cellu-
lose, Pentosans

OCCURRENCE AND RELATIONS

Monosaccharides (glucoses, glycoses, monoses) have the com-
position (CH,0),! and are called tetroses, pentoses, hexoses,
etc., according to the number of carbon atoms in the molecule.
Only pentoses and hexoses are of sufficient practical importance
to call for consideration in connection with ordinary methods
of analysis. The pentoses do not occur free 1 nature but

1 This statement does not apply to the methyl derivatives now frequently
classified as monosaccharides
50
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are met by the analyst as products of the hydrolysis of the
pentosans. The hexoses include all of the monosaccharides
of present commeicial i1mportance and all whose biological
relations have been thoroughly studied.

Dextiose (d glucose, giape sugar, starch sugar, diabetic
sugar, ordinary glucose) 1s widely distiibuted 1n nature, occur-
ring especially in fruits and plant juices, often mixed with
other sugais It 15 a normal constituent of blood and 1s the
form of carbohydrate ordinarily found in the urine in diabetes
or glycosuria.  With the exception of the pentosans and
galactan, all of the di-, tri-, and polysaccharides mentioned
above yield dextrose on hydrolysis.

Levulose (d fructose, fruit sugai) occurs with dextrose in
plant juices and especially i fruits and honey It 1s also a
product of the hydrolysis of sucrose and of 1affinose.

Galactose does not occur fiee, but as a product of hydrolysis
of lactose, 1affinose, and.the galactans 1t 1s of considerable
analytical importance

Mannose also 18 not found free, but has been detected among
the products of hydrolysis of the insoluble carbohydrate matter
of a number of thick-walled vegetables tissues, nut shells, etc ,
and of several Japanese vegetables.

The disaccharides considered here are all hexo-bioses
(CyoHg04y)-

Suciose (saccharose, cane sugar) 1s widely distributed 1n the
vegetable kingdom, being found 1n considerable quantity, gen-
erally mixed with dextiose and levulose, in the fruits and
juices of many plants. The most important sources of sucrose
are the sugar beet, the sugar and sorghum canes, and the sugar
maple A molecule of sucrose yields on hydrolysis one mole-
cule each of dextrose and levulose. The hydrolysis of sucrose
1 often called ¢ inversion” and the resulting mixture of equal
parts dextrose and levulose 1s known as “1nvert sugar.”

Lactose (lactobiose, milk sugar) occurs in the milk of most
mammals, constituting usually from 4 to 7 per cent of the
fresh secretion. Lactose crystallizes with one molecule of
water which 1t retains on drying at room temperature over
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sulphuric acid or on heating in the air at 100° but loses at
about 130°. A molecule of lactose yields on hydrolysis one
molecule each of dextrose and galactose.

Maltose (malt sugar) 1s formed from starch by the action of
diastatic enzymes and 1s therefore an 1mportant constituent of
germinating cereals, malt, malt extract, and beer wort. It 1s
also formed as an intermediate product when starch 1s hydro-
lyzed to dextrose by boiling with dilute mineral acids, as 1n the
manufacture of commercial glucose. Maltose crystallizes with
one molecule of water, which 1t loses on heating in the air at
100°. Each molecule of maltose yields two molecules of dex-
trose on hydrolysis

The only trisaccharide of practical importance 1s raffinose
(CysHgy044), also called meletriose and formerly melitose or
gossypose. It occurs in cotton seed and in small quantity in
the germs of various other seeds including wheat and barley.
Sugar beets, especially if unhealthy or injured, sometimes
contain raffinose in sufficient quantity to affect the refining
process. Raffinose crystallizes with five molecules of water 1n
needles or slender prisms and has a marked influence upon the
crystallization of the cane sugar present.! Raffinose loses 1its
water of crystallization at 100°. On hydrolysis 1t yields one
molecule each of dextrose, levulose, and galactose. Partial
hydrolysis results in the formation of levulose and the
disaccharide, melibiose.

Starch (CgH,,0,), is the most important of the polysac-
charides, being the principal form of carbohydrate in grains
and most other edible seeds, as well as 1n potatoes and other
tubers. It 1s the main product of the assimilation process
and the prineipal reserve carbohydrate of most green plants.
Commercially 1t 18 of great importance as a constituent of
foods, as the source of dextrin, maltose, and commercial glucose,
and as the principal raw material of many of the fermentation
industries. Stagch constitutes over one half of the solid matter
of all ordinary cereals and about three fourths of the total solids
in potatoes. Starch granules of different plants vary in size

1 8tone and Baird J Am Chem Soc , 1897, 19, 116.



and structure so that i1n most cases the source of a starch which
has not been altered by heat, ferments, or chemical reagents can
be determined by microscopical examination. All starches
yield dextrose only, as the final product of complete hydrolysis.

Dextrins, (CgH,,0;), or (C¢H,,0;), H,0, are formed from
starch by the action of enzymes, acids, or heat. Small amounts
of dextrin are found 1n normal, and larger amounts 1n germi-
nating, cereals. Malt diastase acting upon starch in fairly
concentrated solution yields usually about one part of dextrin
to four of maltose. During acid hydrolysis, dextrin 1s formed
as an intermediate product between soluble starch and maltose.
Commercial dextrin, the principal constituent of ¢ British
gum,” 18 obtained by heating starch, either alone or with a
small amount of dilute acid.

Glycogen, (CgH,,0;), or perhaps (C,H,O;), - H,0, 18 the
principal carbohydrate of the amimal organism, being found
mn small quantity in the muscles and more abundantly in the
liver of all well-nourished amimals. It 1s a white amorphous
powder intermediate 1n properties between starch and dextrin
and 18 sometimes called animal staich. The determination of
glycogen 1s often important in © . + 7 investigations and
18 sometimes useful 1n distinguishing hoiseflesh from beef, the
latter containing usually less than 0 7 per cent of glycogen,
the former often two or three times this amount. On com-
plete hydrolysis glycogen yields only dextrose.

Galactans, amorphous polysaccharides yielding galactose on
hydrolysis, occur in small quantity in many plants and in
relative abundance 1n the seeds of the legumes where they
largely replace starch as reserve carbohydrate. Since the
galactans are readily hydrolyzed by hot dilute acids and are
digested by some of the diastatic enzymes, 1t 13 probable that
galactan has been reported as starch in many analyses.

Cellulose occurs i1n the cell walls of all vegetable tissues.
The term 1s sometimes applied to the whole of the fiber which
18 unattacked by boiling dilute acids and alkaliés, but should be
restricted to that constituent of the fiber which 1s of a true
carbohydrate nature. “ Normal” cellulose, such as 1s derived
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from cotton and flax fibers, ylelds dextrose on hydrolysis
A few celluloses have been found to yield mannose or a
pentose (probably xylose) in addition to dextiose (Tollens).

Pentosans, anhydrides of a1abinose and xylose, are the prin-
cipal constituents of the vegetable gums, araban occuiring espe-
cially 1n the soluble gums such as cheiry gum and gum arabie,
xylan 1n the so-called wood gum of fibrous tissues such as wood,
straw, vegetables, and the outer portion of the cereal giains.
The wheat grain, for example, contains 8 to 5 per cent of
pentosan, which 1in the milling process 1s laigely left in the
bran  The so-called patent flour obtained fiom the interior ot
the grain contains hardly any pentosan, while the breakfast
cereals and the so-called entire wheat and graham flours have
usually about as much as the original grain.

SOLUBILITIES

IN WATER

Of the carbohydrates mentioned above, all except the poly-
saccharides are crystallizable compounds dissolving 1n water
to form clear solutions. Milk sugar dissolves in six parts of
water at ordinary temperatuie; all of the other membeis aie
more freely soluble. ~Among the polysaccharides, dextrin,
glycogen, and some of the galactans and pentosans are soluble ;
starch, cellulose, some of the galactans, and most of the pento-
sans of ordinary food materials aie 1nsoluble 1n cold water.
Glycogen gives a strongly opalescent solution, which 1s not
cleared by repeated filtration but loses 1ts opalescence on the
addition of a little potassium hydroxide or acetic acid. On
heating with water, starch grains swell and finally gelatinize
with the formation of « starch paste.” Different starches vary
considerably in the temperature at which they gelatinize and
in the physical properties of the paste produced. Thin starch
pastes can be filtered through paper, but almost always leave
some gelatinous fesidue upon the filter. Pastes containing only
a few hundredths of one per cent of starch become clear on
boiling and can be filtered without loss. Water-soluble starch
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can be prepared! by chemical treatment and 1s sometimes found
1 natural products, for example in 1mmature grains.

Cellulose and the ordinary pentosans of foods and fibers are
nsoluble 1n water and not gelatimzed by boiling.

IN ArLcoHoL AND ETHER

Levulose 1s soluble 1n 5 paits of cold absolute alcohol and is
somewhat soluble 1n mixtuies of ether and strong alcohol. The
other monosaccharides are sparingly soluble 1n cold alcohol, 1n-
soluble 1n ether, and practically insoluble 1n the alcohol-ether
mixture. Dextrose 13 much more readily soluble in hot than
i cold alcohol; 100 parts of 90 per cent alcohol dissolve about
2 parts dextrose at 18°, about 22 parts at boiling temperature.

The di-, tr1-, and polysaccharides are insoluble 1n ether. Di-
and trisaccharides are less soluble 1n alcohol than 1s dextrose.
Lactose 1s practically insoluble 1n alcohol, even when the latter
1s diluted to 60 per cent.

Sucrose 13 much more readily soluble in diluted than in con-
centrated alcohol. According to Scheibler :

100 parts 90 per cent alcohol dissolve 09 parts at 14°, 2 3 parts at 40°
100 patts 80 per cent alcohol dissolve 6 6 parts at 14°, 13 3 parts at 40°
100 parts 70 per cent alcohol dissolve 18 8 parts at 14°, 314 parts at 40°
100 parts 60 per cent alcohol dissolve 33 9 parts at 14°, 49 9 parts at 40°
100 parts 50 per cent alcohol dissolve 47 1 parts at 14°, 63 4 parts at 40°

Sucrose dissolves in about 80 parts of boiling absolute alcohol.

All of the polysaccharides ate mnsoluble i alecohol Those
which are soluble in water can be precipitated from their
aqueous solutions by the addition of strong alcohol.

IN AcipS AND ALKALIES

Among the carbohydrates which are insoluble in water,
separations can sometimes be made by the use of acid or alka-
line solutions.

Cellulose 1s soluble in concentrated sulphfiric acid, but in-

1 Lantner J prakt Chem , 18806, [2] 34,881 Wroblewski Z physiol
Chem , 1808, 24, 173  Vaubel IIL, 500
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soluble 1n any ordinary aqueous solution of acid or alkali. It
dissolves 1n Schweitzer’s reagent (aqueous ammonia saturated
with cupric hydroxide) to a viscous solution, from which 1t 1s
precipitated by neutralization with acid.

Starch 1s 1nsoluble 1n Schweitzer’s reagent or 1n solutions of
ammonia. Treated with dilute aqueous solutions of sodium or
potassium hydroxide, starch swells, gelatinizes, and becomes
soluble. It can be completely precipitated from such a solution
by neutralizing with acetic acid and adding strong alcohol.
Starch 1s not affected by dilute solutions of alkalies in strong
alcohol. By diluted solutions of strong acids starch 1s first
dissolved, then hydrolyzed. Some weak organic acids dissolve
starch with little 1f any hydrolysis. Boiling water containing
1 per cent of salicylic acid dissolves starch to an opalescent so-
lution which filters much more readily than a corresponding
starch paste made with water alone.

The pentosans of foods and fibers —so-called wood gums con-
sisting mainly of xylan — are 1nsoluble 1n dilute ammomia or 1n
Schweitzer’s reagent, largely soluble 1n dilute aqueous solutions
of sodium or potassium hydroxide and 1n cold dilute acids.
From such solutions the pentosan 1s precipitated by alcohol.
Boiling dilute mineral acids dissolve and hydrolyze pentosans
almost as readily as starch. Hence pentosans have frequently
been reported as starch when the latter has been estimated by
direct hydrolysis with acid and determination of the resulting
glucose.

REACTIONS WITH ACIDS

All carbohydrates on treatment with moderately strong
hydrochloric or sulphuric acid yield furfural, which 1s probably
the cause of the color reaction with e-naphthol described below.
Hexacarbohydrates form only small amounts of furfural and
relatively large amounts of levulinic acid. Pentacarbohy-
drates yield large amounts of furfural and no levulinc acid.
In all cases, however, there 1s more or less formation of
“humus ” and other by-products.

The following is widely used as a general qualitative test for
carbohydrates.
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MoLiscH'S «-NAPHTHOL REACTION!

Mix 2 to 8 cc. of the very dilute solution to be tested with
2 or 3 drops of a 156 per cent solution of a-naphthol 1n alcohol
or chloroform, incline the tube, and pour in carefully 2 to 3 cec.
of pure concentrated sulphuric acid. In the presence of carbo-
hydrate, a violet zone appears quickly and spreads by diffusion
If the solution tested contains more than a few milhigrams of
carbohydrate, 1t quickly blackens and on dilution with water
gives a dull violet precipitate.

A similar test with thymol gives a crimson or carmine-red
solution which soon becomes turbid.

FURFURAL TEST FOR PENTOSES AND PENTOSANS

Place the substance to be tested in an Erlenmeye: flask, add
hydrochloric acid (1.06 sp gr.), and boil. Lay over the mouth
of the flask a small filter paper moistened with a solution of
amlin acetate.? If the vapor escaping from the flask contains
more than traces of furfural, a bright red coloiation appears.
A test with sucrose or pure starch will show the amount of
color to be expected from hexacarbohydrates.

If the reaction obtained from the unknown substance 1s
much stronger than from sucrose or starch, the presence of
pentoses or pentosans 18 indicated. A few other substances
such as glycuronic acid and oxycellulose have been found to
yield considerable amounts of furfural, but these rarely occur
n sufficient quantities to require consideration.

DETERMINATION OF PENTOSES AND PENTOSANS

Under carefully 1egulated conditions the yield of furfural
from either xylose or arabinose, or from the corresponding
anhydride, 1s nearly constant. If the furfural 1s distilled and
collected, 1ts amount can be estimated by adding anilin acetate

1 Molisch Monatsh. Chem , 1886, 7, 198 UdranszRy Z physiol Chem ,
1888, 12, 365, 377 Tollens Handbuch der Kohlenhydrate, II, 101 Mulli-
ken Identification of Pure Organic Compounds, I, 26

2 Prepared by mixing equal volumes of anilin and 50 per cent acetic acid
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and comparing the red color with that shown by furfural solu-
tions of known strength.! This method 1s delicate, but gives
only approximate results. Unless the quantity 1s very smuall,
1t should be determined gravimetrically.

Furfural forms sparingly soluble condensation products with
a number of bases and phenols. Phenylhydrazine and phlo1o-
glucin have been principally used as precipitants2 The
Association of Official Agricultural Chemists has adopted
provisionally the ™~ ’ method.3

LevuLINIc AcID REACTION OF HEXACARBOHYDRATES

According to Wehmer and Tollens,* all hexacarbohydiates
yield levulime acid 1n sufficient quantity for identification when
treated as follows :

Heat 5 to 20 grams of the substance with 100 cc. of hydro-
chloric acid (1.10 sp. gr.) for 18 houts on a boiling water bath,
filter the solution, shake with ether to extract the levulinic acid,
and convert the latter into the zinc or silver salt for identifica-
tion. As this method 18 purely qualitative and 1s not often
used in ordinary analytical woik, reference must be made to
the original paper for details of manipulation.

OXIDATION BY NITRIC ACID

By heating with moderately strong mtric acid, xylose and
arabinose are oxidized, each ylelding a trioxyglutaric acid,
COOH(CHOHM),COOH, while aldoses of the hexose group
yield the corresponding acids, COOH(CHOH),COOH, sac-

1 This colorimetric method 18 also used for the estimation of furfural in dis-
tilled hiquors

2 Barbituric acid has recently been recommended as preferable to phenyl-
hydrazine and phloroglucin as a precipitant for furfural Unger Dissertation,
Munich, 1904 Jager and Unger Ber, 1902, 35, 4440

3 Bull 107, Bur Chem, U S Dept Agriculture For a review and discus-
sion of the methods of determining the pentosans and the practical applications
of the results see Krober, Rimbach, and Tollens, Z. angew. Chem., 1902, 15,
477, 508 Also Fraps Am Chem J , 1901, 25, 501,

4t Ann Chem , 1887, 243, 314
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charie, mannosaccharic, and mucic acids being obtained respec-
tively from dextrose, mannose, and galactose.

All of these oxidation products are freely soluble except
mucic acid, which 1s practically insoluble in water or dilute
nitric acid.  Since mucic acid 1s produced 1n fairly constant
proportion, 1ts insolubility affords a means for the approximate
determination of galactose or any substance which yields galac-
tose on hydiolysis

Mucic Actd Method for Galactose, Lactose, Raffinose, and

Galactans !

Weigh 1 to 3 grams of substance according to the amount of
mucic acid expected, remove fat 1f necessary by washing with
ether, tiransfer to a beaker about 5 5 cm. 1n diameter and 7 cm.
deep, add 60 cc. of mitiic acid of 115 sp gr and evaporate
the solution to exactly one third its volume on a water bath at
a temperature of 94° to 96°. After standing 24 hours, add 10
ce. of water to the precipitate and allow 1t to stand another
24 hours The mucic acid has now crystallized, and, unless
contaminated with insoluble residue from the sample, 1t can be
transferred to a weighed filter, washed with 30 cc. of water, then
with alcohol and ethe1, dried at 100° and weighed.

In case other insoluble substances aie present, return the
filter and mucic acid, after washing with water, to the beaker,
warm 15 minutes with a mixtuie of 1 part sttong ammonia,
1 part ammonium caibonate, and 19 parts of water - filter and
wash; evaporate filtrate to dryness over a water bath; add
5 cc. mitric acid of 1.15 sp gr ; stir thoroughly and allow to
stand for 30 minutes Collect the mucic acid on a weighed
filter, wash with 10 to 15 cc. of water, then with 60 cc. of
alcohol and a number of times with ether; dry at 100° and
weigh.

When these directions are strictly followed, galactose yields
about three fourths 1ts weight of mucic acid. The weight of

1 Tollens and Rischbiet Ber , 1885, 18, 2616 Creydt Ib:d., 1886, 19, 3115,
Bull 107, Bur Chem , U. S Dept Agriculture
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mucic acid obtammed from lactose, raffinose, or galactan is calcu-
lated as three fourths the weight of galactose which could be
obtained by hydrolysis. The yield of mucic acid 1s, however,
considerably influenced by the details of mamipulation. In
carrying out the method comparative determinations with puie
milk sugar (both alone and mixed in known proportions with
the sample under examination) should always be made, as sub-
stances may be present which prevent the crystallization of the
mucic acid.!

HyproLysis BY DILUTE AcIDS

Monosaccharides, as the name 1mplies, cannot be hydrolyzed
to simpler sugars. As a rule, they are unaffected by dilute
acids except on prolonged heating, when they are gradually
attacked, yielding in part decomposition products like those
produced by stronger acids, and undergoing a partial “rever-
sion ” with the formation of di- or polysaccharides. Dextrose,
for example, when heated too long with dilute hydrochloric or
sulphuric acid, 18 changed partially to *“1somaltose” and to dex-
trin-like anhydrides, such as “ gallisin,” the unfermentable con-
stituent of crude commercial glucose. Levulose decomposes
much more readily than dextrose on heating with dilute acids.

Disaccharides differ considerably in the readiness with which
they are hydrolyzed by acids. Sucrose 1s very easily hydro-
lyzed, a 20 per cent solution being completely changed to
mvert sugar by mxing with one tenth 1ts volume of concen-
trated hydrochloric acid (making about 3 per cent of actual
acid 1n the mixture) and warming to 68° at such a rate as to
require 15 minutes’ heating 2

Maltose 1s less easily hydrolyzed than sucrose, a 2 per cent
solution in 2 to 3 per cent hydrochloric acid requiring 30 to 40

! Herzfeld Z Verewns Rubenzucker Ind , 1890, 40, 266, Abs Chem Ztg,
1800, 14, Rep, 108 Stone and Baird J Am Chem Soc , 1897, 19, 119

3 Clerget’s method, described by Wiley Agricultural Analysis, Vol III, pp
106-107. According to Borntrager and to Samelson (Z angew. Chem , 1892,
334, 1893, 690, 1804, 267, 851), the sucrose in such a mixture 1s completely
hydrolyzed by standing overnight at room temperature
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minutes’ boiling, or 2 to 3 hours’ heating on a water bath, for
complete hydrolysis to dextrose.! Lactose 1s also less readily
hydrolyzed than sucrose, the difference being especially marked
1n the case of weak acid or low temperature.

Raffinose 1s hydrolyzed by dilute mineral acids, slowly in the
cold, much more rapidly on boiling, requiring in either case
more vigorous treatment than does sucrose.

Dextrin, glycogen. and starch are hydrolyzed to dextrose
under the same conditions as maltose, but require somewhat
longer heating. Pentosans and galactans (at least the more
common forms) are hydrolyzed by acids almost as readily as
starch. Normal cellulose 18 not hydrolyzed by boiling dilute
acids. Hemicellulose 1s a term commonly applied to the carbo-
hydrate matter 1n the cell walls of plants, more resistant to
enzymes than starch, but dissolved and hydrolyzed on boiling
with dilute mineral acids. The hemicellulose of many of the
common food plants consists largely of pentosans.

REACTIONS WITH HYDRAZINES

All of the monosaccharides, and maltose and lactose among
the disaccharides, have the carbonyl group (as such or in the
tautomeric form), and therefore on treatment with hydrazines
yield hydrazones or osazones. The hydrazines chiefly used
are phenylhydrazine, para-bromphenylhydrazine, methylphe-
nylhydrazine (CH,N(CH,) - NH,), diphenylhydrazine, and
naphthylphenylhydrazine.

Phenylhydrazine has been most commonly employed, and 1ts
behavior with the different sugars has been most fully investi-
gated. The analytical application of the phenylhydrazine re-
action is discussed below.

The other hydrazines are used largely for confirmatory tests
and also for the purpose of distinguishing between sugars
whose behavior with phenylhydrazine 1s not sufficiently

11t 18 sometimes stated that maltose cannot be made Yo yield more than
about 98 per cent of the theoretical amount of dextrose, the acid always begin-
ning to attack the latter before the hydrolysis of the former 18 quite complete.
See notes on the determnation of starch
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different to permit of satisfactory identification by that reagent
alone.

Mannose 1s distinguished from the other sugars by forming
with phenylhydrazine an insoluble hydrazone, and this reaction
has been applied quantitatively by Bouirquelot and Herissey !

The phenylhydiazones of the other sugais are soluble, but
when heated with an excess of phenylhydrazine react to form
osazones 2

To form the osazone? dissolve one part of the sugai, two of
pure phenylhydiazine hydiochloride, and three of crystallized
sodium acetate 1 20 paits of water in a test tube, filter 1f not
clear , cork loosely to avoid evaporation and place the tube
boiling water

Under these conditions the maximum yield of osazone 1s usu-
ally obtained by warming the solution in the water bath for
one to two hours and then allowing 1t to cool ~ The osazone thus
obtained 1s ordinanly a yellow iridescent precipitate, more or
less distinetly crystalline according to the purity and concentia-
tion of the solution  To punfy 1t, filter on a small paper, wash
with a little cold water, dissolve 1n the smallest possible amount
of boiling 50 per cent alcohol, and filter hot. The osazone
which separates from the alcohol solution may, 1f desired, be
further reciystallized from alcohol or from pyridine.

Dextrose and levulose yield the same osazone, glucosazone,
which crystallizes 1n needles melting at 204°-205° when heated
at such a rate that the melting point 1s 1eached 1n three to four
minutes  Galactosazone crystallizes 1n needles which melt at
193°, maltosazone, 11 1ndependent needles or tables melting at
206° , lactosazone, 1n masses of microscopic pirisms melting at
200°  Xylosazone and arabinosazone melt at about 160°

A conclusive method of ascertaining whether an osazone 1s
that of a pentose, a hexose, or a disaccharide 18 to determine
the percentage of nitrogen. In the case of a mixture, the hex-

1J Pharm Chufn, 1899, [6], 10, 206 See also Pellet Bul Assoc Chum
Sucr Dustill , 1900-01, 18, 768, Abs Z Nahr Genussm , 1902, 5, 74

2 Fischer Ber, 1884, 17, 579, 1887, 20, 821, 1888, 21, 1805, 2631, 1889,
22, 87, 1890, 23, 2117
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osazone can be freed trom osazones of the other two groups by
washing with hot water. Maltosazone 1s soluble 1n about 75
parts, xylosazone 1n about 50 parts, and lactosazone 1n 80 to 90
parts, of boiling water, while the pure hexosazones are nearly
msoluble.

Since the melting points of osazones are not very sharply
defined and may be appreciably below the figures just given
if the osazones are not entirely pure or are not heated at a suf-
fictently rapid rate, an entirely conclusive identification of a
sugal by means of phenylhydrazine alone 1s usually not to be
expected, but by similar reactions with some of the derivatives
of phenylhydrazine above mentioned a characteristic hydrazone
or osazone may be obtained.

Thus Neuberg! identified aiabinose by 1ts diphenylhydra-
zone and distinguished between glucose and fructose by the
difference 1n then behavior toward methylphenylhydiazine;
Tollens and Mauienbiecker 2 also separate arabinose from
xylose by the preparation of the diphenylhydrazone.

Kahl® found that parabrombenzylhydrazide condenses to
form au soluble hydrazone with glucose, galactose, mannose,
o1 arabinose, not with levulose, maltose, or lactose, and to
only a shght extent with xylose. Kendall and Shermant
worked out a method by which this reaction can be made to
serve for the identification of any one of the four reacting
sugais, but the usefulness of this method 1s restricted by the
fact that the preparation of the reagent 1s troublesome and
time-consuming.

Neuberg 8 made use of the differences 1n optical activity of
the osazones as a means of i1dentification. Dissolving 0 2 gram
osazone 1n 4 ce. pyridine plus 6 cc. absolute alcohol and examin-
g the solution in a 100-mm, tube 1n the circular-scale polari-
scope (see discussion of polariscope methods beyond), he
obtained the following results:

1 Ber , 33, 2243 , 35, 9569 8 Dissertation, Freiburg, 1904
2 Ber., 38, 500 ¢ J Am Chem Soc , 1908, 30, 14561
5 Ber , 1899, 32, 3384
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Compound Melting point Rotation
Arabmosephenylosazone . 160° + 1° 10
Arabinose-p-bromphenylosazone . - 196°-200° | + 0° 28’
Xylosephenylosazone o e . . 158’ —0°1%
Xylose-p-bromphenylosazone e e e e 208° +0°
Glucosephenyl osasone . e 204°-205° | —1° 30’
Glucose-p-bromphenylosazone . 222° — 0° 31
Galactosephenylosazone 196°-197¢ | + 0°48'
Maltosephenylosazone . 206° + 1° 30
Lactosephenylosazoue 200° + 0°
Glucuronic acid-p-bromphenvlhydrazine compound 216° - 70923

Only rarely are the rotatory powers of the osazoues of assist-
ance 1n analytical woik, since the differences are small and
dafficult to observe.

By the application of the different hydrazines as reagents,
and the study of the products obtained with reference to solu-
bility, crystalline form, melting point, ete., 1t 18 possible to
identify the individual sugars even 1n such mixtures as are ob-
tained by the hydrolysis of plant tissues or 1n complex artificial
mixtures of carbohydrates which do not occur together 1in
nature. For a full account of such methods see the works of
Abderhalden, Browne, Lippmann, Oppenheimer, and Tollens.

If, however, the problem 1s to identify a pure sugar or a
simple mixture of sugars, 1t will usually be more convenient to
apply the osazone reaction in the manner described below and
depend upon other methods to complete the identification as
described later.

ANALYTICAL APPLICATION OF THE OSAZONE REACTION

Maquenne! found that the reducing sugars when treated 1n a
umiform way with phenylhydrazine showed considerable differ-
ences both 1n the yleld of osazone and in the time required for
the appearance, of the osazone precipitate. Mullhiken? has

1 Compt rend , 112, 799
2 Identification of Pure Organic Compounds, Vol I
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studied these differences 1n rapidity of osazone formation and
makes use of them to an 1mportant extent in his scheme for the
identification of pure sugars. According to Mulliken, 0.1
gram sugar, 0.2 gram pure phenylhydrazine hydrochloride, 0.3
gram sodium acetate, and 2 cc. water are mixed in a small test
tube, corked loosely to prevent evaporation, and heated in boil-
ing water. If the tube 1s occasionally shaken without removing
1t from the boiling water, the osazone precipitate usually sepa-
rates out quite suddenly so that duplicate experiments usually
give results that agiee within half a minute. Under these con-
ditions the time requued for the appearance of the osazone in
the hot solution 1s given by Mulliken as follows : Fructose, two
minutes ; sorbinose, three and one half minutes; glucose, four
to five minutes; xylose, seven minutes, rhamnose, nine min-
utes, arabinose, ten minutes; galactose, fifteen to nineteen
minutes. Sucrose, after about thiity minutes’ heating, 1s suffi-
ciently hydrolyzed to yield a slight precipitate of glucosazone.
Maltose and lactose give no precipitate 1n the hot solution even
when the heating 1s continued for two hours.

Sherman and Willhams! followed closely the conditions
adopted by Mulliken except that, for greater convenience of
manipulation, twice the quantities were used throughout.
Having confirmed the results above given for glucose, fructose,
sucrose, maltose, and lactose at the standard dilution, they de-
termined the times required for the osazone precipitation with
smaller amounts of glucose or fructose 1n pure solution and
also when different amounts of other sugars were present at
the same time. KEvery test was carried out as has been
described, using 04 gram phenylhydrazine hydrochloride,
0.6 gram sodium acetate, and 4 cc. water,? so that the only
variable factor was the amount of sugar or sugars present.
The tabular statements which follow show the time of heating
required for the appearance of an osazone precipitate in each

case.
[ ]

1J Am Chem Soc, 1908, 28, 629,
2 If the solution at this point 1s not clear, 1t 1s filtered through a dry paper
before heating

F
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PUuRE SoLUTIONS OF GLUCOSE, FRUCTOSE, INVERI SUGAR, OR SUCROSE

Weight of sugar Glucose Fructose Invert sugar Sucrose
taken Gram Minutes Minutes Minutes Minutes

02 45 13-14 13-13 31
01 5 13-2 2 35
005 63 23 3 78
001 17 53 6-6} No ppt
0005 34 10 14
00025 65 17

With less than 0 005 gram glucose or 0.0025 gram fiuctose,
the amount of osazone separating 1n the hot solution was small
and the time of 1ts appearance doubtful.

INFLUFNCE OF MALTOSE ON GLUCOSE

Weight of Weight of maltose In absence
glucose of
Gram 0 2 gram 01gram 0 05 gram 0 01 gram maltose
001 No ppt 40 min 30 min. 22 min 17 mm
002 26-28 min 12-13 min
INFLUENCE OF LACTOSE ON GLUCOSE
Weight of Weight of lactose In absence
glucose - of
Gram 02 gram 0 1gram 0 05 gram 0 01 gram lactose
001 No ppt 50 min. 32 min. 25 min 17 mn
002 45-48 min 12-13 min

It 18 evident that both maltose and lactose interfere se1iously
with the formation and precipitation of glucosazone and that
the influence of lactose 18 greater than that of maltose. Thus
a mixture of 0 01 gram glucose and 0.1 gram lactose required
ten minutes’ longer heating than a parallel mixture with 0.1
gram maltose, and when the quantities of glucose, lactose, and
maltose are doubled (the amounts of reagents and the volume of
the solution 1emaining the same) the lactose mixture required
twenty minutes’ longer heating than the maltose mixture.

INg LUENCE OF SUCROSE ON GLUCOSE

‘Weight of Weight of suctose In absence
glucose of
Gram 02 gram 01 gram 0 05 gram 0 01 gram sucrose
0.005 15-17 min 15-17 min 22 min 30 mm 33-39 min.

001 14-16 min. 16 min 17 min 17 min. 17 min.
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INFLUENCF 0¥ MALTOSE ON FRUCTOSE

Weight of Waght of maltose In absence

fructose of
Gram 02 gram 01 gram 0 05 gram 001 gram maltose
001 7-8 min 5}-6 mmn  53-5} mm 5} min 53 min.

INKLUENCF OF LAcTOSE ON FRUCTOSE

Weight o Weight of lactose In absence

fructose °
Gram 02 gam 01 gram 0 05 gram 001 gram lactose
001 93-10 min 7% min. 64 min 6 min 5} min.

Comparing these results with the corresponding figures for
glucose, 1t will be seen that the interference of maltose and lac-
tose 1s less marked with fructose than with glucose. In both
cases, however, the appearance of the osazone precipitate 1s re-
tarded distinctly by maltose and to a greater extent by lactose.

INFLUFNCE OF SUCROSE ON FRUCTOSE

Weight of Weght of sucrose In absence
fructose of
Graun 02 gm 01 giam 005 g1 un 001 gram sucrose
0005 8% mm 8% min 9% mimn 9} min 91 min

Here the effeet of the suerose was not so noticeable.

Interpretation of tume relations in applyving the osazone test to
suga1 mixtures or to samples in which the concentration of the
1eacting sugar 1s not known or 1s different from that of the
conventional method, should be based on a careful study of
the above data.

The delicacy of the test in the presence of dextrin (which 1s
known to retard the formation of the osazone), and of sub-
stances other than cairbohydrates, has not been studied in de-
tail, except in the case of certain constituents of urine.! Hence
m applyving the osazone test to an unknown solution, 1t 1s well
to make at the same time two check experiments, one with a
mixture of cartbohydrates coriesponding to that which the un-
known solution 1s believed to contain, the other with a portion

1 The mfluence of other substances likely to be present, u.pon the osazone test
for dextrose m urie has been studied by Hirschl Z physiol Chem , 1890, 14,
877 Jaffé Ibid, 22,532 Neuberg Ibid, 1900, 20, 274. Neumann-Wender.
Pharmac Post , 26, 673, 614 (Vaubel , ! ¢, II, 309).
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of the unknown solution to which has been added a very small
amount of dextiose.

The yield of osazone has been studied especially by Maquenne,!
Laves,?2 Fischer,® Lintner and Krober,* Raimann, and Davis
and Ling.® In each of these cases the osazone was formed by
heating for one or two houis, in a more dilute solution than
that above given, with a considerable excess of a slightly acid
solution of phenylhydrazine acetate. The precipitate of osa-
zone can then be filtered, washed with watei, and weighed.
According to Laves the following corrections should be apphed
for the amount of glucosazone left in solution or dissolved by
washing -

100 parts boiling water dissolve . . . 001 part osazone
100 parts water at 20° dissolve 0 0042 pa1t osasone
100 parts 2 per cent acetic acid at 20° dissolve 0007 part osazone
100 parts 3 per cent acetic acid at 20° dissolve 0 0145 part osazone
100 parts 4 per cent acetic acid at 20° dissolve 0022 part osazone
100 parts 5 per cent acetic acid at 20° dissolve 0031 pait osazone
100 parts 10 per cent alcohol shightly acidulated dis-

solve at 20° 00075 part osazone

Corresponding corrections have not been worked out for
other osazones, as the attempts to apply the osazone method
quantitatively have been mainly with the object of determining
dextrose or dextrose and levulose  In comparative tests carried
out 1n exactly the same manner, the weight of osazone obtained
18 proportional to the amount of sugar originally present, but
shght differences of manipulation affect the yield to such an
extent that the osazone precipitation cannot yet be 1egarded as
a satisfactory quantitative method

Williams7 has recently studied the conditions affecting the
yield of glucosazone from pure glucose solutions. It was found
best to allow one hour of heating for the foimation of the

1 Compt rend , 1891, 112, 799, Z anal Chem , 1894, 33, 226
2 Archawv der Pharm , 1893, 231, 366 Vaubel’s Bestimmung organischer

Verbindungen, II, 307, 311, 312 1 Ber , 1895, 28, 1437
*Z f d ges Brauwesen, 1805, 18, 1563, Z anal Chem , 1896, 35, 95,
Analyst, 1897, 20, 167 6 Z anal Chem , 1901, 40, 390

8 J Chem Soc, 1904, 85, 24 7 Data not yet published
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osazone, since longer heating, although increasing the yield,
gave a less pure product. A solution of phenylhydrazine
acetate made by dissolving the free base in acetic acid gave as
good results as the reagent made by mixing phenylhydrazine
hydrochloride with sodium acetate and was found more conven-
lent. The amounts of phenylhydrazine and acetic acid greatly
influenced the yield of osazone. In a series of experiments in
which 0.2 gram pure dextrose in 20 cc water was heated with
varying amounts of reagents for one hour, then washed with
100 cc water, dried and weighed, 1t was found that maximum
yields, about 60 per cent of the theoretical, were obtained by
using 2 grams of phenylhydrazine in 8 cc. of 50 per cent acetic
acid, 2.4 grams phenylhydrazine in 9 2 cc of 50 per cent acetic
acid, or 3.2 grams of phenylhydrazine in 6.4 cc. of 50 per cent
acetic acid. Thus while a large excess of phenylhydrazine was
always essential to high yields, the amount required for a maxi-
mum yield depended upon the ratio between the phenylhydra-
zine and the acetic acid, as well as upon that between the
reagents and the sugal

REDUCTION OF COPPLR SOLUTIONS

The same sugars which 1eact with phenylhydrazine have the
power of reducing certain metallic salts, especially salts of
copper, silver, and meicury in alkaline solution This “re-
ducing powel,” due to the susceptibility of the carbonyl sugars
to oxidation, can be utilized for the detection and determuina-
tion of these sugars.

When for example an alkaline cupric solution, such as Feh-
ling’s, 1s boiled with one of these ¢“reducing” sugats, the
copper 18 reduced to the cupious state and the sugar 1s at-
tacked in two ways: (1) oxidation and (2) decomposition by
the alkali. Tartromec acid 1s often cited as a typical oxida-
tion product formed by the action of boiling alkaline copper
solution upon dextrose, but in practice less than half as much
copper 18 reduced as would coirespond to a complete oxidation
of glucose to tartronic acid, because the boiling alkal so largely
decomposes the glucose into other than oxidation products.
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In order that the amount of copper reduced may indicate
quantitatively the amount of reducing sugar, 1t is necessaiy
to control the decomposing action of the alkali. This is usu-
ally accomplished by prescribing the amount and final dilu-
tion of the alkaline solution and either (1) adjusting the sugar
solution so as to find the amount which 1n measured volume
will exactly reduce the copper as desciibed below for Fehling’s
volumetric method, or (2) treating a fixed amount of the
reagent with a prescribed volume of the reducing sugar solu-
tion of a strength insufficient to reduce all the copper and
collecting and weighing the copper reduced as in Defren’s
gravimetric method described later.

FEHLING'S VOLUMETRIC METHOD

Reagents — (1) Copper solution Dissolve 34 64 grams of
pure crystallized copper sulphate 1n water, and dilute to ex-
actly 500 ¢ c.

(2) Alkaline taitrate solution. Dissolve 175 grams of pure
sodium potassium tartrate and 50 grams of pure sodium hy-
droxide 1n water, and dilute to 500 ¢ c. This reagent does not
keep well unless caiefully protected from the air (Note 1).

Determination. — Measure accurately mmto a swmall flask or
casserole or a deep porcelain dish, 5 cc of each of the above
solutions, making 10 cc. of the *“mixed Fehling reagent
Add 40 cec. of water, mix, and boil To the boiling hqud,
add from a burette a solution which contains not over 1 per
cent of the i1educing sugar to be determined, boiling two
minutes after each addition of sugar until the blue color 1s
entirely discharged, showing that all of the copper has been
reduced. This test indicates approximately the amount of
reducing sugar 1n the sample. Now adjust the strength of the
sugar solution, 1f necessary, so that about 20 cc. will be re-
quired to reduce. 10 cc. of the mixed Fehling reagent. Repeat
the test, adding the calculated amount of sugar solution at
once to the boiling copper solution; regulate the heating so
that the mixture will again begin to boil about one minute
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after the addition of the sugar, note the exact time that actual
boiling commences and continue to boil for just two minutes,
then remove the flame and at once test the liquud for unre-
duced copper (Note 2).

Repeat the test, using more or less of the sugar solution
depending upon the presence or absence of an excess of copper
mn the preceding experiment until two amounts of sugar solu-
tion are found which differ by only 0 1 or 0.2 ce., one giving
complete reduction and the other leaving a small amount of
copper 1n the cupric state The mean of these two amounts
1s taken as the volume of solution required for complete reduc-
tion of the copper reagent.

Note 1. — All of the reagents used must be the purest ob-
tainable, and the two constituents of the “mxed Fehling
reagent” must be kept separate instead of being made up 1n
one solution as was formeily done It the solutions are not
fresh, make a blank test 1n a casserole, boihing as above with-
out the addition of any sugar, allow to stand for a few
minutes, then decant oft the liquid and notice whether any
cuprous oxide has been precipitated.  Finally wipe out the
casserole with a small piece of filter paper and examine the
latter, which may show traces of cuprous oxide not visible in
the presence of the blue solution. If the liquid shows any
change of color in this blank test, or if the shightest trace of
cuprous oxide 1s found, the alkaline tairtrate solution must be
rejected and another blank test made with a fieshly prepared
solution

Note 2 — So long as the solution shows a distinet blue color
1t 1s unnecessary to apply other tests for cupric copper.
When the test 1s made 1n a flask, the blue color 1s best seen by
holding level with the eye aud looking horizontally through
the memiscus, but on account of the piesence of the cuprous
oxide the disappearance of the blue color 1s not alone a safe
criterion. When the blue color 1s no longer apparent, test for
cupric copper by one of the following methods It is well for
each analyst to try all three methods and select the one which
he finds most satisfactory for the conditions of his work.
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Whichever test 1s used 1t 1s important to work quickly lest
1educed copper be oxidized by contact with the air.

Ferrocyanide Test — Quickly filter a portion of the hquid
through two or three thickness of paper, repeating the filtration
if necessary, observe carefully that_the filtrate 1s free from any
trace of cuprous oxide, then acidulate with acetic acid and add
a few drops of a dilute solution of potassium ferrocyanide when
if copper 1s present a red-brown coloration or precipitate will
appear.

Watts and Tempany suggest as a modification of this test
that the hiquid 1instead of filtering be poured upon a small pad
consisting of several layers of filter paper, and the bottom paper
(which should be wet with the solution but free from cuprous
oxide) be removed, acidulated with acetic acid, and then tested
with ferrocyamde.

Starch-todide Test 1 — As soon as the sugar solution and the
copper reagent have been boiled together for the required two
minutes, add a diop or two of the solution (which need not be
filtered from cuprous oxide) to a considerable excess of cold
acidulated staich-iodide solution, when, 1f cupric copper 1s
present, a blue or puirple coloration 1s obtained. .

The starch-iodide solution 1s prepared as follows: Boil 0 02
gram starch with 15 to 20 cc. of water, cool, add 4 to 5 grams
of potassium 10dide and dilute to 50 ce. A fresh solution must
be prepared each day. When the test 1s to be made, pour about
1 ce. of this starch-1odide solution into a test tube, add two or
three drops of acetic acid and then immediately a drop or two
of the solution to be tested.

Thiocyanate Test.2— This requires a solution of ferrous thio-
cyanate which may be prepared as follows : Dissolve 1 gram
ferrous sulphate and 1.5 gram ammonium thiocyanate in 10 cc.
water at about 45° to 50° C., cool immediately, add 2} cc. con-
centrated hydrochloric acid and a trace of zinc dust to decolor-
1ze the solution. |

1 Harnson Pharm J, 1903, 170 (Sutton’s Volumetric Analysis, 9th Ed,
p 312)

2 Ling and Rendle Analyst, 1905, 30, 183 Ling and Jones Ibiud, 1908,
33, 160
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Place a drop of the freshly prepared ferrous thiocyanate
solution on a porcelain plate and add a drop of the solution to
be tested (which need not be filtered), when, 1f cuprie copper 1s
present, the well-known red color of ferric thiocyanate will be
produced.

Calculation and Verification of Results. —In « vu’wizer the
results 1t 1s commonly assumed that 10 cc. of the mixed Fehl-
ing reagent require for reduction under the above conditions:

0 0500 gram of anhydrous dextrose, levulose, or invert sugar.
0 0678 gram of dry crystallized lactose (C;yHgpOy Hy0).
0 0807 gram of anhydrous maltose

That these factors are not absolute, but are dependent upon
exact umiformity of conditions has already been explained To
secure the gieatest accuracy, therefore, the result obtained
should be verified by a check experiment, carried out under the
exact conditions of the analysis, with a known solution of pure
sugar of the kind actually determined.

It 1s sometimes convenient to express the reducing power of
some other sugar o1 of a mixtur¢ n terms of the reducing
power of dextrose, the latter being taken as 100.

Thus, 1t 00678 gram lactose or 0.0807 gram maltose has the
same 1educing power as 0 05 giam dextiose, then on the basis

of dextrose=100, the reducing power of lactose 18 _(%% x 100

. .05 _
= T4, and that of maltose 18 0807 x 100 = 62

According to Soxhlet, levulose and galactose have distinctly
less reducing power than dextrose. It 1s quite commonly as-
sumed, however, that these three monosaccharides have the
same reducing power, but that invert sugar often fails to show
its full effect because of the decomposing action of the acid used
for mversion. Xylose and arabinose reduce Fehling’s solution
somewhat more strongly than does dextrose.
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DEFREN’S GRAVIMETRIC METHOD!

This method 1s based on that of O’Sullivan? and provides a
umform procedure for the determination of dextrose, maltose.
or lactose.

Reagents — (1) Dissolve 34 64 grams of copper sulphate 1n
water, add 0.5 cc. stiong sulphuiic acid, and dilute to 500 cc.

(2) Dissolve 178 grams of sodium potassium tartrate and 50
grams of sodium hydroxide 1n water and dilute to 500 cc.

Determination — Mix 15 cc of each of the above reagents in
an Eilenmeyer flask having a capacity of 250 to 300 cc., dilute
with 50 cc. of freshly boiled distilled water, and place the flask
n a boiling water bath for five minutes, then add 25 ce., ac-
cuitately measured fiom a burette or pipette, of a solution con-
taiming approximately 0 5 per cent of the sugar to be deter-
mined and allow the mixtuie tostand 1n the boiling water bath
for fifteen minutes. Remove the flask fiom the bath and filter
at once (using moderate suction) through asbestos prepared as
described below (Note 1), wash the cuprous oxide with boihing
distilled water until the filtrate 18 no longer alkaline. The cu-
prous oxade can now be (1) washed with alcohol and then with
ether, dited 1n a boiling water oven for 20 minutes, and weighed
(Note 2); (2) 1gnited and weighed as cupric oxide, as 1ecom-
mended by Defren; o1 (3) dissolvedin nitiie acid and the copper
determined by electrolysis or by any other reliable method, 1n
which case 1t will not be necessary to use asbestos especially pre-
pared by boiling with acid and alkali.  From the weight of copper
or cuptous oxide determined, calculate the equivalent amount
of cupric oxide and find the corresponding weight of reducing
sugar from Defren’s table (Note 3).

Note 1. — The filtrate from the cuprous oxide must always
be distinctly blue, showing that a sufficient excess of Fehling
solution was used, otherwise the determination must be repeated,
using a more dilute solution of the reducing sugar. If the
copper reduced 1s%o be weighed as cuprous or cupric oxule on
the asbestos filter, the latter must be especially prepared 1n

1J Amer Chem Soc, 1806, 18, 749 2J Chem. Soc., 1876, 30, 130
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order that 1t shall lose no weight when treated with the hot
alkaline Fehling solution. Asbestos of good quality 1s boiled
with mtric acid (1 05 to 1.10 sp. gr.), washed with water, then
boiled with 25 per cent sodium hydroxide, washed, and the
treatment with acid and alkali repeated. The prepared asbes-
tos 18 used to make a tight felt about 1 centimeter thick in a
Gooch crucible. When the crucible has been prepared for use
and weighed, 1t should be tested by runmng through it a
“blank” of hot alkaline Fehling solution and washing with
water as 1n a regular determination. The loss of weight should
not exceed one half milligram. After each determination the
precipitate 18 dissolved 1n nitric acid, and the crucible washed,
ignited, and reweighed. If a loss of over one milhigram 1s
found, the determination should be rejected and the filter
treated alternately with acid and alkali until 1t ceases to lose 1n
weight.

Note 2. — The method of weighing the cuprous oxide as such
18 coni entent, and when working with fairly puresugar mixtures
18 accurate, but 1mpure material, such as crude raw sugar,
molasses, or malt extract, 1s hable to leave some organic matter
with the cuprous oxide on the filter so that for the most accurate
results with such materials, one should i1gnite to cupric oxide o1
dissolve and determine copper.

Note 3 — Defren determined the amount of copper reduced
by fifteen to twenty known solutions each of dextrose, maltose.
and lactose, with the following results:

Dextrose= (0 4400+ 0.000037 W) W
Maltose =(0.7215+0.000061 W) W.
Lactose = (0.6270+40.0000563 W) W.

In which W is the weight of cupric oxide obtained, the values
of W varymg from 30 to 320 nmlhgrams.

From these formulw 1t is apparent that the reducing power
of each of the sugars increases shghtly with the concentration :
hence, to find the amount of reducing sugar corresponding tc
any given weight of copper, one must use, not a simple factor.
but a formula or (more conveniently) a table.
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Table 7 1s condensed from that given in Defren’s paper (1. ¢.),
1n which the weights of sugars cortesponding to each milligram
of cupric oxide are stated  In using either table the weight of
copper or cupric oxide should be taken to one tenth milligram
and the coriesponding weight of reducing sugar found by the
method of proportional parts.

TABLE 7 — DrFrFrEN’s TABLF FOR DrxTROSK, MATITOSE, AND LAcCTOSK

Cuprie

%22;’ Dextrose | Maltose T actose Oxide Dextiose Maltose Lactose
r s Mg v
Mgms Mgms Mgms Mgms Mgms Mgms Mgms Mgms

30 132 217 188 180 801 1318 114 6
40 176 290 252 190 849 1391 1210
50 221 362 315 200 895 146 6 1275
60 26 5 435 378 210 910 154 1 1341
70 309 508 441 220 986 1615 1406
80 354 58 1 505 230 1032 1691 1470
90 399 655 56 8 240 1077 176 6 1535
100 44 4 728 632 250 1123 1841 1600
110 489 801 69 5 260 116 9 1916 1665
120 533 874 759 270 1214 199 2 1730
130 578 948 824 280 1261 206 8 1796
140 62 2 1021 887 290 1307 2143 186 2
150 66 8 109 5 952 300 1353 2219 1928
160 713 1169 1017 310 1399 229 6 199 3
170 758 1244 108 2 320 144 5 2372 2059

On account of the difference in experimental conditions the
relative reducing powers of dextrose, maltose, and lactose do not
show exactly the same ratios for this method as for the volu-
metric method described above.

BARrRFOED’S CUPRIC ACETATE METHOD !

For distinguishing dextrose from maltose Barfoed used a
shightly acid solution of cupric acetate, which 1s reduced by the
(7

1 Barfoed Z anal Chem , 1873, 12,27 Miller and Hagen Arch ges.
Physwol (Pfluger), 22, 325 Lieben Z Vereins Rubenzucker-Industrie, 1884,
34, 857, Wiley, Agricultural Analysis, Vol III, p 291
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formerandnot by the latter. Liebenattempted todetermine dex-
trose quantitatively in the presence of maltose by means of such
solutions. This test, like the formation of the osazone, 1s not
of much quantitative value unless for comparisons under 1denti-
cal conditions, but 1s often useful as a qualitative method for
distinguishing between dextrose (or other monosaccharide) and
those disaccharides which also reduce Fehling’s solution.

Reagent — Dissolve 45 grams of neutral crystallized cupric
acetate 1n 900 cc. of water, filter 1f necessary, add 1.2 ce of
50 per cent acetic acid and dilute to a liter. A portion of this
reagent heated 1n a water bath must show no change.

Test — To 5 ce. of this reagent 1n a test tube add 5 cc of the
solution to be tested and place 1n a boiling water bath for 31
minutes ; examine for cuprous oxide, viewing the tube against
a black background 1n a good light If no evidence of 1eduction
18 found, allow the tube to stand at room temperature for 6 or
10 minutes and examine again. For umform results the differ-
ent tubes used 1 making the tests should be of nearly the same
diameter and thickness of wall It 1s sometimes advantageous
to pour out the liquid at the end of the test, leaving any cuprous
oxide as far as possible adhering to the bottom of the test tube,
and examine again.

It has been found?! that the test when carefully carried out
1n this manner was efficient for the detection of 0 0004 gram
of glucose, either alone or 1n the presence of maltose, lactose, or
sucrose up to 0 02 giam.

Reduction due to disaccharide occurs if too much either of
sugar or of acid be present, or 1f the heating be too prolonged.

In order to effect complete destiuction of the glucose, so that
the filtrate might be utihzed 1n testing tor maltose or lactose, 1t
was necessary to limit the amount to about 0.002 gram of glucose
to 6 cc. of the reagent.

The test requires very careful regulation as to details of ma-
nipulation and amount of sugar tested, but under such restric-
tions 18 capable of greater usefulness than hds generally been
appreciated.

1 Hinkel and Sherman J Am Chem Soc, 29, 1744
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On account of the difficulty of securing an exact degree o1
acidity 1n the cupric acetate solution, each_ chemist should
demonstrate the efficiency of his reagent, as well as verify his
manipulation, by check experiments upon known sugar solutions
tovering the probable range of composition of the unknown
solutions to be tested.

OtHER CoOPPER REDUCTION METHODS

Until recently the methods based upon copper reduction were
for the most part worked out for the different 1educing sugars
individually, with the result that the methods and tables were
apphcable only to individual sugars. The method of Defren
unifies the determination of dextrose, lactose, and maltose.
The table of Allihn given beyond (Chapter V), while devised
only for dextrose, has been so widely used that some workers
have preferred to use the same procedure and table for other
reducing sugars with a factor to convert the results from ap-
parent glucose to the sugar sought. The destruction of reduc-
ing sugar by the decomposing action of the alkali noted above
as a source of error in working with the ordinary Fehling solu-
tion, 18 still greater in Allihn’s method, which employs a more
strongly alkaline solution. Toavoid this the caustic alkali may
be replaced by a weaker alkali such as carbonate (Soldam,
Sidersky, Ost, Benedict) or ammoma (Allein and Gaud).
Others have advocated the addition of ammoma (Pavy) or
cyanide (Gerard) to the usual Fehling solution i order to
hold 1n solution the reduced copper so that the point of com-
plete reduction may be directly observed by the disappearance
of the blue color.

These methods possess obvious points of advantage, but as
yet have not come into such general use as the Fehling, Allihn,
and Defren methods.

ROTATION OF POLARIZED LIGHT

Solutions of the natural carbohydrates have the property
of rotating the plane of polarized light. This rotating power
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1s also shown by most other natural substances containing one
or more asymmetric carbon atoms 1n the molecule.

PREPARATION OF SOLUTIONS FOR POLARIZATION

Solutions for polarization must be clear and free from all
mmpurities having an influence upon polarized hight. Among
the optically active substances most likely to be met 1n natural
products are organic acids (especially tartaric), pectin bodies,
gums, resins, coloring matters, glucosides, alkaloids,and proteins
In most cases the interfering substances can be precipitated
and the solution clarified by adding, first, basic lead acetate,
and then a cream of alumimum hydioxide. It 18 sometimes
advantageous to add a small amount of tannin before clanfying.
Tannin combines with many of the substances mentioned,
either precipitating them or forming compounds more easily
precipitated by the basic acetate. In case the solution, after
being treated with clarifying agents, made up to definite
volume and filteied, 1s too highly colored for examination 1n
the polariscope, 1t may be poured slowly through a small
amount of pure dry amimal charcoal on a paper filter. Since
the charcoal absorbs a small amount of the sugar, the first por-
tions of the filtrate must be 1ejected. The technical details of
clarifying sugar solutions for polarization will be discussed in
the next chapter. A solution of pure sugar or mixture of pure
sugars should not require the use of clarifying agents, but
should be filtered to 1emove dust particles.

Reducing sugars when first dissolved often show multirota-
tion due to the spacial arrangement of the tautomeric form of
the carbonyl group, for explanation of which reference may be
made to the latest edition of Hollemann’s Organic Chemstry,
or to Armstrong’s Simple Carbohydrates and Glucosides. The -
“normal ” rotation 1s established by allowing the solution to
stand for some hours, by boiling, or by the addition of about
01 per cent of ammoma. Solutions con!ammg ammonia
darken on standing and should therefore be polarized as soon
as prepared. Sucrose does not show multirotation
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DETERMINATION OF ANGULAR ROTATION

] The standard instrument for
' the direct measurement of angu-
lar rotation 1s the Laurent polari-
scope or one of 1ts modifications.
This has a circular scale gradu-
ated in angular degrees. The
principal parts of an instrument
of this type are indicated 1n the
diagram, Fig 6. With this po-
lariscope the rotation pioduced
by the active substance 1s found
by turming the analyzing prism,
which 1s fixed 1n position 1n re-
gard to the scale but rotates on
its axis. The zero point 1s found
with the polanscope empty and
1s the pomnt at which the crystal
axis of the analyzing prism 1s at
right angles to the plane of polar-
1zation, and the field of vision 18
unifoimly lighted. At either
side of the zero point the field 1s
unequally lighted, as shown 1in
Fig. 7, which indicates the ap-
pearance of the field of vision on
approaching, on reaching, and
after passing, the zero point.
The upper figures of the diagram
represent the field of a ¢ half-
shade,” and the lower figures
those of a “triple-field” 1nstru-
ment. If now an active sub-
stance 18 placed as in the tube 7
between the polarizing and ana-
lyzing prisms, the latter must be rotated until 1t stands at right

Scale showing position of rotation of analyzer

T 'Tudbe for solution under examination

Revolving analy zer
P Polarizer

D End-point device

Fia@ 6 — Sectional diagram of principal parts of polariscope (after Rolfe)
A
S
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angles to the new plane, when the appearance of the field will
be the same as that previously observed at the zero point The
position of the scale
now shows directly
the number of angu-
lar degrees through
which the plane of
polarization has been
rotated by the active
substance. With this
polariscope  sodium
hght 1s used.

For the examina-
tion of sugar solu-
tions 1n technical
analysis the “saccharimeter” with the Ventzke scale 1s com-
monly used. This instrument, which 1s made 1n several forms,
18 different from the Laurent polariscope in construction and n
that white light 1s used, and the rotation, instead of being
measured directly, 1s ‘“compensated” by means of quartz
wedges, the thickness of quartz required to neutralize the
effect of the active substance giving
a measure of the rotation produced
+ by the latter

Figure 8 shows diagrammatically

ﬂ o the working of the quartz compen-

" - sator  AB represents the line of
+ vision, C' and D the wedges of dex-

Fi1c 7 — Diagram of zero pomt 1n reading polaiiscope

b

trorotatory quartz, and £ a section
of levorotatory quartz. At the
Fic 5 — Diagram of quartz com- zero point the combined thicknesses

pensator (after Rolfe) of ¢ and D are equal to the thick-
ness of . When a tube of (dextrorotatory) sugar solution 1s
placed 1n the instiument between the polarizer and the com-
pensating device, the wedges are moved so as to bring less
dextrorotatory quartz into the line of vision until the levorota-
tory effect of E balances the combined effects of C, D, and the
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sugar solution. A scale attached to the wedge shows the
amount of “compensation” 1equited to balance the 1otation
produced by the sugar and thus affords a measme of the rota
tory power of the sugar Instruments of this type are usually
fitted with the Ventzke scale. One degree on the Ventzke
scale 1s taken as equivalent to 0 8468 degiee of angular 1ota
tion. This method of measuring the rotation by means of
quartz with white hight illumination 1s applicable only to such
active bodies as have piactically the same 1otation dispersion
as quartz. This s true of aqueous sugair solutions, which can
therefore be examined by either of the instruments mentioned

A recent form of instrument of the ¢ sacchaiimeter ” type 1
shown mm Fig 9

Fia 9 — Recent form of saccharimeter  (Courtesy of Exmer and Amend )

MEASURE oF ROTATING POWER — SrECIFIC ROTATION

The first organic substances to be studied by means of polar-
1zed hight were liquids, or solutions of known density In
order to reduce the observations to a common basis for com
parison Biot introduced the following formula:

(¥
a
[]= Ixd

n which [«] = the “specific 1otating power”;
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a = the observed angular degrees of rotation ;
= the length 1n decimeters of the column of liquid
traversed by the polarized light;
d = the density of the hiquid.

On extending the calculation to solids 1n solution the above

foimula becomes

[«]= 100a

Ixdxp’
m which p = the percentage of solid 1 the solution.
But since d x p equals the number of grams of solid 1 100 cc.
of solution, 1t 15 simpler to write the formula

100 a
[a]= Ixe’

m which e = concentration, 7 e the number of grams of dis-
solved solid 11 100 ce of the solution.

The value of the specific 10tating power [«] 1s, therefore,
the number of angular degrees through which a ray of polar-
1zed hight would be rotated in tiaversing one decimeter of a
solution of which each cubic centimeter contained one gram of
the active substance.

The angular rotation 1is always directly proportional to the
length of the column of liquid thiough which the light passes.
It always depends upon the wave length of the light ray em-
ployed By measuring the rotation for different rays the
rotation dispersion of the substance 1s determined. Sodium
hight corresponding to the Fraunhofer line D 1s commonly
used 1n determining the rotating power. In many cases the
rotating power 1s appreciably influenced by temperature. The
latter should therefore be stated in giving the value of [a].
Thus [«],® indicates the rotating power as measured with D
hight at 20°. The concentration of the solution has usually an
appreciable mfluence upon the value of [«], as s shown by the
detailed formule for rotating power of the more important
carbohydrates given below.
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RoTtaTORY POWER OF PURE SUGARS

To determine the rotatory power of a pure sugar dissolve 10
grams 1n about 80 cc. of water in a 100-cc. flask, see that the
solution 1s at room temperature, and note this temperature,
which should preferably be 20° C., fill to the holding mark, mix
the solution well, and filter through a dry paper into the polari-
scope tube. The first portions of the filtrate should be used
for rinsing the tube and then rejected  Finally fill, covel, and
cap the tube, place 1t 1n the polariscope, and observe the rotation
which 1t produces either directly in angular degrees or by mul-
tiplying the observed Ventzke degrees by 0.3468, then calculate
the specific rotatory power as explained above. The details
and precautions 1eganding the handling of the solution and use
of polariscope which are given 1n the next chapter should be
carefully studied 1n this connection.

Following are the detailed formul for six of the more 1mpor-
tant sugars, showing corrections for concentration and tempera-
ture or for concentration at some fixed temperature:

Dextrose (Tollens)?

[«],7 =2 52.60 + 0 018796 p + 0.0005168 p2.
Levulose (Jungfleish and Grimbert) 2

[a],f= — [101.38 — 0.56 ¢ + 0 108(c — 10)].

Galactose (Messl) ¢
[«],f = 83.883 4+ 0.0785 p — 0.209 ¢.

Sucrose (Tollens) s
[«],? = 66.386 + 0.015035 p — 0.0003986 p3.

Lactose (Schmoger) ®
[«],%° = 52.63 (constant for ¢ = 2.4 to 40).

Maltose (Meissl) 7
[«],* = 140.875 — 0.01837 p — 0.095 ¢.

1 Ber., 1876, 9, 48’7, 1531, 1884, 17, 2234.

2 Unless otherwise stated the rotation 1s to the right (+); levorotation is in-
dicated by (=) 3 Compt rend , 1888, 107, 390

4J prakt Chem , 1880, [2], 22,97  © Ber, 1877, 10, 1403

¢ Ber., 1880, 13, 1922 1 J prakt chem , 1882, [2], 25, 114
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At ordinary concentrations and laboratory temperatures, the
values for [«], are approximately:
Dextrose . . . 53 Sucrose e 66 5
Levulose . . . —[102— 56¢] | Lactose . e e e 525
Invert sugar . . —[279 — 82¢] | Maltose e 138
Galactose e . .805 | Raffinose . . . . 104 5
Mannose .. N 13 Starch
Arabinose . . 104 Glycogen } 190 to 210
Xylose 19 Dextrins . . 160 to 210
In order to avoid confusing the determination of specific ro-

tatory power with the conventional polariscope examination of

“raw sugar ”’ described 1n the next chapter, it 1s well for

the

student at this point to determine the specific rotatory power

of a sample of sugar of known purity.
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CHAPTER 1V

Special Methods of Sugar Analysis

ANALYSIS OF RAW SUGAR
PorLARrISCOPIC EXAMINATION

A SPECIAL room of even temperature which can be darkened
when desired, or a dark screen which can be placed around the
instiument on the laboratory table, should be provided for the
polanscopic examiation. For 1llumination of the white-light
saccharimeter, a triple flame or an Aigand burner with 1ncan-
descent mantle 18 used In taking readings the polariscope
must be brought only near enough to the burner to secure a
good 1illumination of the field, ncver within less than eight
mches  As soon as the reading 1s taken the polariscope should
be turned away or the flame lowered, n order to avoid any
possible warming of the mstrument.

Determination of the Zero Pont — The trough of the sac-
charimeter bemmg empty, set the scale within a few degrees of
zero and focus the eyepiece so that the field of vision 1s clear
and the perpendicular line or band dividing 1t 1s perfectly dis-
tinct. Now rotate the milled head so as to move the zero point
of the scale toward that of the vermer. When the neutial
pomt (the true zero pomnt for the instrument as it stands) 1s
reached, the appearance of the entire field 1s umfoim. Approach
the zero poimnt first from one side then from the other, taking
the reading each time as soon as the entue field appears uni-
form, until successive 1eadings do not differ lsy more than 0.2°
on the Ventzke sugar scale. The average of six to ten such
readings 1s taken as the zero point in the subsequent work of

87
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the day, unless the instrument should be jarred or moved, in
which case the zero point should be redetermined.

Test with Pure Sugar. — Weigh 261 giams of pure sucrose,
dissolve 1n water 1n an accurately calibrated 100-cc. flask, fill
to the mark at 20° to 22°, and mix thoroughly by shaking, hold-
ing the flask 1n such a way as not to warm the solution. The
latter should have a density very nearly 1.10 and should rotate
the plane of polarized hight 34 68° to the right, giving a reading
of 100.0° on the Ventzke scale.

Rinse the 200-mm. tube several times with the solution, then
fill (by pouring through a dry filter, rejecting the first portions
of the filtrate) until the curved surface of the liquid projects
above the open end of the tube, see that all air bubbles have
risen to the surface, and then slide on the cover-glass horizontally
in such a manner that the excess of liquid 1s carried over the
side, leaving the cover glass exactly closing the tube, with no
air bubbles beneath 1t and none of the hiquid upon 1ts upper
surface. The cover glass being 1n position, the tube 1s closed
by screwing on the cap. The latter should be only tight
enough to prevent leakage, as any considerable pressure on the
glass plate may cause 1t to become optically active. Look
through the tube lengthwise to be sure that the cover glasses
are clean and dry and the contents of the tube perfectly clear.

Place the tube in the trough of the saccharimeter or polari-
scope and take readings as 1n setting the zero point. Unless the
ends of the polariscope tube are ground absolutely parallel,
the position of the tube 1n the instrument may influence shightly
the length of column of sugar solution 1n the line of vision.

1The value of the Ventzke scale was originally fixed by means of pure
sucrose solutions of 1 100 sp gr at 17 5° and 1t was found that 100 cc of such
a solution contains 26 048 grams of sucrose (weighed in air with brass weights)
For many years, however, 1t has been the custom of instrument makers to cali-
brate the Ventzke scale by means of solutions containing 26 048 grams of sucrose
in 100 Mohr’s cubic centimeters A solution of very nearly the same strength
18 obtained by dissolving 26 grams and completing the volume at 20° to 100
metric cubic centimeters (the volume occupied by 100 grams of water at 4°
weighed 1n vacuo). The latter proportions have been adopted by the Interna-
tional Commission for Unifying Methods of Sugar Analysis
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In order to be sure that the length whose rotation is measured
15 the true length of the polariscope tube, take two or four
readings, then turn the tube two thirds over in the trough of
the instrument, and after taking two or four readings in this
position turn the tube again two thirds over in the same direc-
tion for the final two or four readings. After a little practice
1t will probably be found sufficient to take one reading approach-
ing the end point from the right and one from the left in each
of three positions of the tube, or six readings 1n all. The aver-
age reading (corrected for zero point) should not differ from
100.0° by more than 0.2° on the Ventzke scale, nor from 384° 41’
on the Laurent polaiiscope, by more than 5'.

Polarization of the Raw Sugar. — Mix the sample, weigh out
26 grams, and dissolve 1n 60 to 80 cc. of water 1n a 100 cec.
flask. When the sugar 1s entirely dissolved, add from 1 to
5 cc (according to the nature of the sample, only very dark
sugars should require moie than 2 cc.) of a solution of basic
lead acetate of about 1 25 sp. gr! A decided excess of basic
acetate should be carefully avoided. This may be done by add-
ing the lead solution a few drops at a time, shaking after each
addition, and stopping as soon as another drop of the solution
produces no further precipitate.

After the lead acetate has been added and mixed, add twice
1ts volume of “alumina cream 2 This assists in the clanfica-
tion, precipitates the excess of lead, and facilitates filtration.
A moderate excess of alumina cream does no harm. With
high grade sugars the use of alumina cream alone may be
sufficient for clarification. Make up to volume with distilled

1 This may be prepared by dissolving the solid basic salt or by boiling an ex-
cess of itharge with a strong solution of neutral lead acetate

2 Prepared as follows Shake powdered commercial alum with water at
ordinary temperature until a saturated solution 1s obtamned Set aside a little
of the solution, and to the residue add ammonia, httle by little, stirring between
additions, until the mixture 1s alkaline to hitmus paper Then drop 1n additions
of the portion left aside, until the mixture 1s just acid to Mtmus paper By this
procedure a cream of aluminium hydroxide 1s obtained suspended 1n a solution
of ammonium sulphate This sulphate 18 advantageous when added after the
basic acetate, since 1t precipitates whatever excess of lead may be present
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water,] shake well, and then pour the whole solution, or as
much as practicable, on a diy filter. Reject the first 20 or 30
ce. of filtrate and then polarize the 1emainder as alieady de-
scribed for the pure sugar solution The average reading of
the Ventzke scale, corrected for the deviation of the zero point,
18 reported as  polarization.”

Notes and Precautions — Care must be taken to avoid the
following errors due to mampulation (1) change in mosture
content of sample duiing weighing, (2) change i volume of
solution due to fluctuations of temperature, (3) imperfect mix-
g of solution after diluting to volume in the graduated flask,
(4) evaporation during filtration, (5) too great compression
of cover glasses 1n closing the polariscope tube.

Clanfication 1s very important. All proteins are levorota-
tory and must be entunely 1emoved. The solution must be
free from turbidity, but not necessarily fiee from color. Only
so much of the clarifying agents should be used as 1s necessary
to free the solution from optically active impurities and from
turbidity. Any excess increases the error due to the presence
of precipitate when the solution 1s diluted to volume The
volume occupled by the precipitate varies between 0.05 and
10 ce. for ordinary raw sugars It can be determined by
Scheiber’s method of double dilution,2 in which a duplicate
determination 1s made mn a flask of twice the volume, or by
determining the weight and density of the precipitate as rec-
ommended by Sachs3 The latter method 1s preferied by
Wiechmann ¢ and Horne, ® each of whom determined the volume
of the precipitate for a number of raw sugars from different
localities. Horne has found (lo¢ et ) that the error can be
almost entirely avoided by clarifying with anhydrous basic
acetate after the sugar solution has been diluted to volume,
and this method of clanfication, after extended investigation

11f frothing mnterferes at this point, add two or three drops of ether
2 Z Verewns RWbenzucker Industrie, 1875, 25, 1064

3 Itd , 1880, 50, 229  See also the paper by Horne

4 Id , 1903, [n f ] 40, 498, Abs J Chem Soc , 1903, 84, n, 699
8J Am Chem Soc , 1904, 26, 186
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and discussion, has now been adopted by the International
Commission on a parity with the usual method. According
to Browne, the amount of dry acetate used should not exceed
0 5 gram.

Regulations of the International Commission

The following resolutions,! adopted by the International
Comnussion for the Unification of Sugar Analysis, 1n 1900,
have since been generally accepted

1 In general, all sugar tests shall be made at 20° C 2

2. The graduation of the saccharimeter shall be made at 20°
C. Twenty-six grams of puie sugar, dissolved in water, and
the volume made up to 100 metric cubic centimeters, or during
the period of transition 26 048 grams ot pure sugar i 100
Mobhr cubic centimeters, all weighings to be made 1n air with
brass weights, the completion of the volume and the polariza-
tions to be made at 20° on an mstrument giraduated at 20°,
should give an 1ndication of 100 on the scale of the saccharim-
eter. For countries where temperatures aie usually higher
than 20° 1t 1s permissible that saccharimeteirs be graduated at
30° or any other suitable temperatuie, under the conditions
specified above, providing that the analysis of the sugar be
made at the same temperature — that 1s, that the volume be
completed and the polarization made at the temperatuie
specified.

38 Preparation of pure sugar Purest commetcial sugar 1s
to be further purified in the following manner A hot satu-
rated aqueous solution 1s prepared and the sugar precipitated
with absolute ethyl alcohol, the sugar 1s carefully spun in a

17U S Dept Agriculture, Bur Chem, Bull 73, p 68 J Am Chem. Soc,
1001, 28, 59

2 In polarzing puie sucrose with quartz wedge saccharimeter there 1s a falling
off 1n polarization of about 0 03> Ventzke for each degree C that the tempera-
ture rises above 20° Crude sugars, however, may contain enough levulose so
that their polariscope 1eadings are increased by a rise of te.mperature Browne
has clearly shown that temperature errors camnot be compensated by corrections
based on pure sucrose, but must be avoided by actually polarizing at or near
20° C,
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small centrifugal machine and washed in the latter with abso-
lute alcohol. The sugar thus obtained is redissolved 1n water,
the saturated solution again precipitated with alcohol and
washed as above. The product of the second crop of crystals
18 dried between blotting paper and preserved in glass vessels
for use. The moisture still contained in the sugar 1s deter-
mined and taken into account when weighing the sugar which
18 to be used.

The committee further decided that central stations shall
be designated in each country which are to be charged with
the preparation and distribution of chemically pure sugal.
Wherever this arrangement 1s not feasible, quartz plates, the
values of which have been determined by means of chemically
pure sugar, shall serve for the control of the saccharimeters.

The committee further decided that the above control of
quartz plates by means of chemically pure sugar should, as a
rule, apply only to the central stations which are to test the
correctness of saccharimeters ; for those who execute commer-
cial analyses, the repeated control of the instruments 1s to be
accomplished, now as before, by quartz plates.

4. In effecting the polarization of substances containing
sugar, half-shaded instruments, or triple field, only are to be
employed.

5. During the observation the apparatus must be 1n a fixed
position and so far removed from the source of light that the
polarizing nicol 18 not warmed.

6. Sources of light may be gas, triple burner with metallic
cyhinder, lens, and reflector ; gas lamp with Auer (Welsbach)
burner; electric lamp; petroleum duplex lamp; sodium Light.
Several readings are to be made and the mean thereof taken,
but any one reading must not be neglected.

7. In making a polarization the whole normal weight for 100
cubic centimeters 18 to be used, or a multiple thereof for any
corresponding volume.

8. As clanfying and decolorizing reagents there may be
used : (a) subacetate of lead, (3 parts by weight of acetate of
lead, one part by weight of oxide of lead, 10 parts by weight
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of water) ; (b) alumina cream; (¢) concentrated solution of
alum. Boneblack and decolorizing agents are to be excluded.

9. After bringing the solution exactly to the mark, at the
proper temperature, and after wiping out the neck of the flask
with filter paper, all of the well-shaken clarified sugar solution
18 poured upon a dry rapidly acting filter. The first portions
of the filtrate are to be rejected and the rest, which must be
perfectly clear, used for polarization.

Use of Dichromate Solution as Light Filter

As explained 1n the last chapter the use of white light in
polarizing sugar solutions with the quartz compensator 1s based
upon the observation that the rotation dispersion 1s the same
for sugar solutions as for quartz. While this 1s practically
true, 1t 1s not absolutely correct at high rotations, even with
sucrose solutions, since the dispersive powers of sucrose and
quartz are shghtly different at the blue end of the spectrum.
This difference results 1n a shght dispaiity of tint which may
give rise to apparent differences of rotation when the same sugar
solution 18 read by different observers or even by the same ob-
server with white light from different sources. Browne,! con-
firming and extending the earlier work of Schonrock, finds that
this source of error 1s by no means neghgible even when work-
ing with ordinary sugar solutions, and should always be guarded
against by passing the light through a solution of dichromate to
absorb the blue and violet rays which cause the greatest amount
of rotation dispersion. Saccharimeters of recent manufactuie
have a short tube or cell through which the light passes after
entering the instrument and before reaching the solution. This
tube 1f 3 cm. long should be filled with a three per cent solution
of potassium dichromate ; 1f 1.5 cm., with a 6 per cent solution.
The German Reichsanstalt and the U. S. Bureau of Standards
now use such dichromate cells in testing quartz-wedge saccha-
rimeters. Before using a new instrument or one *which has been
out of use for a time, the dichromate cell should be examined

1U S Dept Agr, Bur Chem, Bul 122, p 221.
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to see that 1t is properly filled. In class-work this will be
done by the nstructor rather than the individual student.

In working with substances such as comimeicial glucose
malt products, and dextiins (whose rotation dispersion s
greater than that of cane sugar), Biowne finds 1t desirable tc
double the usual strength of the dichromate solution.

Relation of Polarization to Percentage of Sucrose

In the absence of other active substances, the reading of the
Ventzke scale as obtained above shows the percentage of sucrose
in the sample  In commereial 1aw sugar the only other sugais
likely to be present are dextiose and levulose If the total
amount of these reducing sugais, as shown by Fehling’s solution.
1s small, the value of the sample 1s sufficiently indicated by the
polarization, the invert sugar, and the amounts of moisture and
ash

Since, however, the “reducing suga1 ” contains dextrose and
levulose 1n unknown proportions, the detetmination of ¢reduc-
ing power” does not give the necessa1y data for estimating the
percentage of sucrose 1n the sample. The percentage of suciose
can, however, be determined in the presence of dextrose and
levulose by obse1ving the change n 1otation produced by hy-
drolysis  This 1s unaffected by the presence of monosaccha-
rides, since the latter cannot be hydiolyzed

The following method 1s based on this prineiple.

Clerget's Method for Sucrose

A pure sucrose solution polarizing 100° on the Ventzke scale
at a temperature of 20° will, after hydrolysis, polarize about
— 33° on the same scale at the same temperatuie It 1s this
change of rotation from right to left which gives rise to the
terms ‘“inversion” for hydrolysis, and “invert sugar” for the
mixture of eqnal parts of dextrose and levulose produced.
Since the levorotatory power of levulose, and hence of invert
sugar, decreases 1apidly with increase of temperature, the reading
— 38° would be found only at 20°, An increase of 1° in temper-
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ature causes a decrease of practically 0.5 degree Ventzke 1n the
levorotation of the invert sugar, and at about 87° the reading
becomes zero. The change in rotation produced by hydrolysis
1n pure sucrose solution 1s, therefore, about 148 — 0 5¢, 1n which
t 1s the temperature at which the readings are taken.

To estimate the suciose 1n an unknown sample, dissolve 26
grams, clanfy if necessary, dilute to 100 cc., filter, and polarize
as usual at 20°.  The remainder of the solution 1s freed from
lead 1f necessary by tieating with anhydrous sodium carbonate
ot sulphate, or with potassium oxalate, followed by filtration
through diy paper  To 50 ce of the solution add 25 ce. of
water and then add, m small portions with constant shaking,
5 e of concentrated hydrochloric acid (1 196 specific gravity).
Place the flask 1n a bath of water kept at 70°. The tempeia-
tuie ot the solution in the flask should 1each 67° to 69° 1n 2% to
3 mmutes and 1s then maintained at a temperature as nearly
69° as possible for 7 to 71 minutes, making a total time of
heating of 10 muinutes; o1 the solution after adding the acid
may be set aside at a temperature of 20° to 24° C for 24 hours.
The sucrose having been thus hydrolyzed, cool the solution, 1f
necessary, to 20° C (or to room temperature), dilute to 100 cc.,
mix the solution well and polaiize, preferably in a water-
jacketed 200-mm. tube with a side tube through which the exact
temperatuie of the solution at the time of polarization may
be determined. Since 50 cc. of the sugar solution was diluted
for hydrolysis and finally made up to 100 cc., this second reading
must be doubled to obtain the so-called “invert polarization.”
The difference between the first polarization and the “invert”
polanzation, multiplied by 100 and divided by the difference
which pure sucrose would show under the same conditions,
gives the pereentage of sucrose, or

_100(P—-1)
T 142.66 — 0 5¢'

1in which & = percentage of sucrose, P the origtnal polarization,
I the “invert” polarization, and ¢ the temperature in degrees
centigrade.
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The method 1s applicable to the determination of sucrose n
the presence of any other sugar, or mixture of sugars, which 1s
not measurably affected by the prescribed treatment with acid.

DETERMINATION OF REDUCING SUGAR

Usually the reducing power of the raw sugar 1s determined
volumetrically, as described in the preceding chapter, the
results being calculated as percentage of invert sugar  For the
determination dissolve 5 grams of the sample 1f dark, or 10
grams if light, dilute to 100 cc, and filter through diy paper.
If the preliminary test shows the solution to be too stiong or
too weak, prepare a fresh solution for the final determination
When the volumetric method 1s carefully carried out, the results
are sufficiently exact for all ordinary work ! For the deter-
mination of very small amounts of invert sugar the method
mtroduced by Herzfeld,2 and 1ecommended by the International
Commission,3 1s probably the most accurate.

Herzfeld's Grravemetric Method

Dissolve 20 grams of sample in 80 cc. of water, clarify with
basic lead acetate, and precipitate the excess of lead by sodium
carbonate (avoiding more than a shght excess) or by neutral
potassium oxalate ; ¢ dilute to 100 cc., mix thoroughly, and
filter through dry paper. The filtrate must be perfectly clear.
In a beaker of 250 cc. capacity, place 50 cc. of the undiluted
“mixed Fehling reagent” (see Fehling’s volumetric method)
and 50 cc. of the clarified sugar solution; heat at such a rate
that the mixture boils in about four minutes, and boil for ex-
actly two minutes. Add 100 cc. of cold, recently boiled, dis-
tilled water, filter immediately, and find the amount of copper

1 If a gravimetric method 1s preferred, use that of Meissl and Hiller, as
adopted by the Official Agricultural Chemists Bul. 107, Bur Chem, U S
Dept Agriculture

2 Z Vereins Rubenzucker Industrie, 1886, 6

8J Am Chem Soc, 1901, 23, 64

4 Sawyer J Am Chem Soc, 1904, 26, 1681.
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reduced 1n one of the ways described under Defren’s method
i the preceding chapter. The following table shows the
corresponding percentage of invert sugar.

TABLE 8 — HERZFELD'S TABLE FOR THE DETERMINATION OF INVERT
SUGAR IN MATERIALS CONTAINING 1 PER CENT OR LESS OF INVFRT
SuGAR AND A HiGH PERCENTAGE OF SUCROSE

Copper reduced Copper reduced Copper reduced
by 10 grams Invert sugar by 10 grams Invert sugar by 10 grams | Invert sugar
of material Per cent of material Per cent of material Per cent
Milligrams Milhgrams Milligrams
50 005 120 040 190 079
55 007 125 043 195 082
60 009 130 045 200 085
65 011 135 048 205 088
70 014 140 051 210 090
75 016 145 053 215 093
80 019 150 056 220 096
85 021 156 059 225 099
90 024 160 062 230 102
95 027 165 065 235 105
100 030 170 058 240 107
105 032 175 071 245 110
110 035 180 074
115 038 185 076

DETERMINATION OF MOISTURE AND ASH

Dry about 2 grams of sample in a flat-bottomed platinum
dish 1n the boiling water oven until the loss in weight on heat-
ing for one hour does not exceed 0 10 per cent. A perfectly
constant weight cannot be expected 1f invert sugar 1s present,
since levulose 1s slowly decomposed by heating at 100° in the
air. Calculate the loss of weight as moisture.

Moisten the residue with a few drops of concentrated sul-
phuric acid and burn to whiteness. Weigh, and report the
result as “sulpbated ash.” The true ash 1s considered by
some as nine tenths and by others as four fifths of the *“sul-
phated ash.”
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OFFICIAL METHODS OF TESTING SUGARS

Methods of the Association of Official Agricultural Chem-
1sts: Bul. 107, Bur Chem., U 8. Dept Aguiculture.

Regulations goverming the sampling and classification of
mmported sugars and molasses Treasury Department Docu-
ment No. 2170.

German official methods Z Nahr. Genussm., 1903, 6, 1059,
Z anal Chem., 1903, 42 (Appendix to Nos. 9 and 10).

DETERMINATION OF SUCROSE IN BEETS AND CANE

Sucrose 1s the only sugar found in appieciable quantity m
the fresh juice of healthy suga1 beets. Sugai cane juice con-
tains a small amount of 1educing sugar which 1s usually con-
sidered to be inveirt sugar, but which, as Browne has shown,
may contain dextrose and levulose 1n varying propoitions.
In the routine testing of beet and cane juices, the polarization
of a properly clarified sample 1s considered as showing the
amount of suciose present

Beets after being thoroughly cleaned (the loss of weight 1n
cleaning being determined and reported as ¢ tare ) are 1educed
to a fine pulp by rasping or grinding  Thus pulp 1s then treated
mnone of three ways: (1) separating the insoluble matter by pres-
sure and polarizing the juice, (2) extracting with alcohol, (3)
extracting with water  The fiist method introduces errois from
mmperfect separation of the juice, the second 1s longer and more
expensive than the third, which 1s now generally used. If, how-
ever, the pulp be treated with water and filled to volume 1n a
graduated flask, as 1n the analysis of raw sugar, 1t 1s very difficult
to expel the air bubbles entitely from the mixture of pulp and
water. The following method, described by Sachs,! avoids this
inconvenience and has been found satisfactory for rapid work:
Weigh 26 grams of the pulp 1n a beaker and add 177 ce. of water
containing 5 cc. of the usual solution of basic lead acetate ; shake
or stir for three minutes ; filter, and polarize the filtrate. Twice

1 Paper 1ead before the Second International Congress of Applied Chemistry,
Pans, 1896 , quoted by Hiltner and Thatcher, J Am Chem Soc , 1901, 23, 300
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the reading of the Ventzke scale 1s approximately the percentage
of sucrose 1n the sample. This method assumes that 26 grams
of beet pulp contain 28 ce. of juice, making the total volume of
liquid 1n the mixture 200 cc.  Many German sugar chemistshold
that extraction with water gives high results because the beet
contains substances other than sucrose which are soluble 1n
water and rotate polarized hight to the right. Accoirding to
Sachs, however, these substances are pectin-like bodies and are
completely precipitated by basiclead acetate. Trowbridgelalso
found that the results obtamed by digestion 1n water were
practically 1dentical with those of the alcohol extiaction
method

In samphing sugar cane for analysis, the canes are usually
cut 1nto thin oblique chips, * cosettes,” by means of rotating
knives. These coseties may be further reduced by passing
through a sausage cutter or a special shredding machine. It
18 not feasible, however, to reduce the cane to as fine a pulp
as 1s obtaimned fiom sugar beets. Fo1 this 1eason more time
and a higher tempeilatuie must be used to insuie complete
extiaction of the suctose According to Wiley,2 26 grams of
the chips or pulp are weighed into a flask graduated at 102 6
cc , this graduation being based on the assumption that the
cane contains ten per cent of insoluble matter of a specific
gravity about equal to that of the solution. The flask 1s
neatly filled with water, and warmed on a water bath for one
hour with frequent shaking, then filled a Iittle above the mark
and warmed for ten munutes longer with frequent shaking.
The flask 1s now cooled, the volume adjusted 1f necessary, and
the hquud filtered through diy paper. Fifty cubic centimeters
of filtiate are collected 1 a 55-ce. flask, clarified with basic
acetate, filled to the mark, shaken, filtered, and the filtrate
polarized 1 a 220-mm. tube.

For further information on the analysis of sugar beets
and sugar cane, the following books and papais may be con-
sulted:

1J Am Chem Soc, 1901, 23, 300
2 Agricultural Analysis, Vol II1, p 238
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Wiley: Agricultural Analysis, Vol. 111, Part III.

Spencer: Handbook for Beet Sugar Chemists. Handbook for
Sugar Manufacturers

Lippmann and Pulvermacher: Lunge’s Chemisch-technische
Untersuchungsmethoden

Fruhling- Anleitung zur Unteisuchung fur die Zucke:-
industrie.

Trowbridge: Notes on Sugar Beets, J Am. Chem. Soc., 1901,
23, 216

Hiltner and Thatcher. An improved Method for the Rapid
Estimation of Sugar in Beets, J. Am Chem Soc , 1901, 23, 299,
863.

DENSITY AND PURITY OF SUGAR SOLUTIONS

The relations between density and peicentage in pule sugat
solutions have been very carefully determined, and hydiometers
are specially made for sugar testing which are giaduated to give
at a standaird temperature (usually 17 5° C.) a direct reading
of the per cent of sugar present in the solution These are
usually known as Brix (sometimes as Balling) hydrometers
or “spindles ” Bnx hydiometers often have theimometers
attached, and sometimes cairy scales for reading temperature
corrections directly from the instrument. Detailed tables for
temperature corrections of Brix hydiometers and for conveision
of specific gravity in Brix 1eading (percentage of sucrose) or
the reverse are given 1n technical works on sugar analysis such
as those of Rolfe and Spencer.

Beet and cane juices, although containing other sohds than
sucrose, are often tested with the Biix hydrometer and the
reading taken as an approximate measure of the total sohds
present.

The polarization multiplied by 100 and divided by the Biix
1eading 18 sometimes called the * quotient of purity ” of the juice.
This of course 18 not exactly the percentage of sucrose in the
solids, because 1n impure solutions the polarization may not be an
exact measure of the sucrose, and the Brix hydrometer reading
18 not an exact measure of the percentage of total solids ; 1t 1s,
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however, an indication of purity which 1s of much value 1n
controlling the operations of the sugar house.

In recent years the immersion refractometer has been con-
siderably used in sugar house control. Tables have been con-
structed showing the percentages of sugar corresponding to each
degree on the refractometer scale, and, with the aid of these,
refractometer readings of sugar solutions or of cane or beet juices
are readily translated into terms comparable with the Brix
hydrometer readings, though of course any given impurity may
not indicate exactly the same percentage of sugar by refraction
that 1t would by specific gravity.

IDENTIFICATION AND ANALYSIS OF «UNKNOWN” SUGARS

Given an “unknown” sugar 1n an approximately pure state
or an unknown mxture of two or three such sugars, one should
find little difficulty 1n making out an indentification and analy-
s1s from the methods and data which have been given in this
and the preceding chapter

It 15 well to begin by determining the specific rotatory power
and the 1educing power (calculating the latter in percentage of
the reducing power of pure dextrose as explained in the last
chapter) and by performing an osazone test under the standard
conditions, noting the time of appearance and the abundance of
the osazone precipitate, 1f any appeais in the hot solution, and
whether any fuither precipitation of osazone occurs as the so-
lution cools. Keeping i mind the influence of quantity of re-
acting sugar and of other sugars present on the formation and
precipitation of the osazone and comparing the 1esult obtained
m the osazone test with the rotatory and reducing powers, one
can usually judge from these data the sugars likely to be present
in the sample.?

1This judgment may be aided by certain superficial observations, e g 1if the
10 grams taken for the determination of rotatory power are difficultly soluble in
60 cc of water the presence of considerable lactose may®be suspected , while if
the solution readily undergoes fermentation with yeast, 1t 18 probable that glucose,
levulose, or maltose 18 present, though 1t 1s to be 1emembered that ordinary yeast
also acts on sucrose, first hydrolyzing 1t to dextrose and levulose and then fer-
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If only two sugars are present in the mixture, the two quan-
titative determinations already made will suffice for the calcu-
lation of the percentage of each. For example, i1f the mixture
consists of dextrose and lactose, then

100 e =53 d + 52.51,
K=d+ T4,

1n which « 1s the specific 10tatory power of the mixture, K the
cupric reducing power of the mixture (calculated in percent-
age of the reducing power of an equal weight of pure dextrose
as explained before), d the peicentage of dextrose, and ! the
percentage of lactose. Such a pair of simultaneous equations,
one expressing rotatory and the other reducing power, will
serve for any two of the common sugars at least one of which
reduces Fehling’s solution.

If three sugars are present in the mixtuie, 1t 18 evident that
a third quantitative determination (to give the data for a thud
equation) will be 1equired  If suciose 1s one of the thiee, 1t
may be determined by the Clerget method, even 1n the pres-
ence of maltose or lactose, with at least approximately correct
results, since the acid tieatment piescribed for the hydrolysis
of the sucrose does not hydiolyze maltose nor lactose to any
great extent  The analysis of a mixture of three sugais other
than suciose 1s less easy and will usually be less accurate.
Levulose, 1f present, may be determined by the deciease of
1ts levorotatory power on polarizing at a known high tempera-
ture; lactose, galactose, or raffinose may be estimated fiom the
yield of mucic acid, maltose may be quantitatively hydrolyzed
as described 1n the next chapter. In some cases 1t may be
feasible to determine the moisture, the ash, and any organic
constituents other than the sugars, subtract the sum of the
percentages of all these impunties from 100, and take the
remainder as the sum of the percentages of the different

menting these [In Yaboratories where pure cultures of different yeasts are
available the difference of behavior of different yeasts toward the sugars can be
made use of for analytical purposes, but in most chemical laboratories such pure
cultures are not at hand ]
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sugars present, but, as a rule, this should be resorted to only
for purposes of verification, and not as a means of obtaining
one of the original simultaneous equations.
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CHAPTER V

Starch and Amylase
THE DETERMINATION OF STARCH

MEeTHOD OF DIRECT AcID HYDROLYSIS

TH1s method 1s accurate for the determination of starch in
such samples as contain no other substance insoluble 1n water
and capable of yielding reducing sugar on heating with dilute
acitd It 1s now well known that such interfering substances,
especially the pentosans, are generally found 1n vegetable tis-
sues, and that the results obtained by direct acid hydrolysis
are usually too high  This 1s, however, the method which has
been commonly used until recently, and for comparisons with
earlier work determinations by direct hydrolysis are still fre-
quently required.

Conversion of Starch to Dextrose !

Weigh 2 to 5 giams and, if much fat 18 present, wash with
four or five successive portions each 10 cc. of ether, 1eject the
filtrate, allow the adhering ether to evaporate from the residue,
and wash with 150 cc of 10 per cent alcohol to remove soluble
carbohydrates. Wash the residue into a 250 cc. flask with
200 cc. of water, add 20 cc of hydrochloric acid of 1.125sp gr.,
and heat 1n a boiling water bath with a reflex condenser for two
and one half hours. Cool to room tempe1ature, nearly neutralize
with sodium hydroxide, dilute to 250 cc., filter, and determine
dextrose 1n a pqrtion of the filtrate, using either Defren’s
method, already described, or Allihn’s method, as follows:

1 Sachsse, Chem Centrbl , 1877, 732, Bul. 107, Bur Chem., U S Dept Agn-
culture
106
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Allikn’s Method for the Determination of Dextrose !

Reagents. — (1) 34.64 grams of crystallized copper sulphate
dissolved 1n water and diluted to 500 ce.

(2) 173 grams of sodium potassium tartrate and 125 grams
of potassium hydroxide dissolved in water and diluted to
500 ce.

Determination. — Place 30 ce. of the copper solution, 80 cc. of
the alkaline tartrate solution and 60 cc. of water 1n a beaker or
casserole and heat to boiling  To the boiling hquid add 25 cc.
of the dextrose solution, note the time at which the mixture
begins to boil and continue the boiling for exactly two minutes.
Filter at once and obtain the weight of copper 1n the precipitated
cuprous oxide by any of the methods suggested i connection
with Defren’s process desciibed 1n Chapter III, or as follows:
Collect the cuprous oxide on an asbestos filter 1n a Gooch cru-
cible; wash the precipitate (including any which may adhere
to the beaker and which need not be transferied to the filter)
thoroughly with hot water, tiansfer the asbestos and adhering
oxide from the crucible to the beaker. Dissolve the oxide stall
remaimng 1n the crucible by means of 1 to 2 cc of concentrated
mtric acid, adding the acid fiom a pipette and receiving the
solution in the beaker containing the asbestos and the main
part of the precipitate. Rinse the crucible with a jet of water,
allowing the rinsings to flow into the beaker. Heat the con-
tents of the beaker until all copper 1s in solution; filter, wash
thoroughly, dilute the filtrate to 100 to 150 cc., add one drop
of concentrated sulphuiic acid and determine copper by electrol-
ysis.  Find the corresponding weight of dextrose from Allihn’s
table.

Notes. — The conditions described must be observed carefully.
The dextrose solution added to the copper reagent must be free
from turbidity and only faintly acid. The rapid addition of
this cold solution stops the boiling of the reagent, and 1t is well
to have the heat so regulated that the mixtufe will boil again
1n about two minutes, then, atter exactly two minutes of actual

1 J prakt Chem , 1880, 22, 46, Bul 107, loc cu
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TABLE 9 — ALLIAN’S TABLE FOR THE DETERMINATION OF DEXTROSE

Milli Milli- Milli Ml Milli- Milli- Milli- Milli- Milli- Milli-
grams | grams giams | grams grams grams | grams | grams || grams ( grams
of of dex- of of dex- of of dex of of dex of of dex-
copper trose copper 'rose copper trose copper trose copper trose
10 61 67 343 124 631 181 26 238 1228
11 66 68 348 125 637 182 931 239 123 4
12 71 69 35 3 126 64 2 183 937 240 1239
13 76 70 358 127 047 184 94 2 241 124 4
14 81 71 360 3 128 65 2 185 N7 242 1250
15 86 72 36 8 129 037 186 95 2 243 1255
16 90 73 373 130 66 2 187 957 244 126 0
17 95 74 378 131 66 7 188 9% 3 245 126 6
18 100 75 383 132 67 2 189 9% 8 240 1271
19 105 76 388 133 677 190 97 3 247 1276
20 110 7 393 134 68 2 191 978 248 1281
21 115 78 398 135 68 8 192 98 4 249 128 7
22 120 79 40 3 136 69 3 193 98 9 250 12902
23 125 80 408 137 69 8 194 99 4 251 1297
24 130 81 413 138 703 195 100 0 252 130 3
25 135 82 418 139 708 1% 100 5 253 130 8
26 140 83 42 ; 140 713 197 1010 2564 1314
27 145 84 428 141 718 198 1015 255 1319
28 150 85 434 142 723 199 1020 256 132 4
29 155 86 439 143 729 200 102 6 257 1330
30 16 0 87 414 144 734 201 103 1 258 133 5
31 16 5 88 49 145 739 202 103 7 259 1341
32 170 89 45 4 146 74 4 203 104 2 260 134 6
33 175 90 459 147 749 204 104 7 261 1351
34 180 91 46 4 148 755 205 105 3 262 1357
35 185 92 46 9 149 76 0 206 105 8 203 136 2
36 189 93 474 150 76 5 207 106 3 264 136 8
37 194 94 479 151 770 208 106 8 205 1373
38 199 95 48 4 152 75 209 107 4 266 1378
39 20 4 96 489 153 781 210 1079 267 138 4
40 209 97 494 154 786 211 108 4 268 1389
41 214 98 499 155 791 212 1090 269 1395
42 219 9 50 4 156 796 213 1095 270 1400
43 224 100 50 9 157 801 214 1100 271 140 6
44 229 101 514 158 807 215 110 6 272 1411
45 23 4 102 519 159 812 216 1111 273 1417
46 239 103 524 160 817 217 111 6 274 142 2
47 244 104 529 161 822 218 1121 276 142 8
48 249 105 5356 162 8217 219 1127 276 1433
49 25 4 106 540 163 833 220 113 2 277 143 9
50 259 107 545 164 838 221 1137 278 144 4
51 26 4 108 550 165 843 222 114 3 279 1450
52 269 109 565 5 106 84 8 223 114 8 280 1455
53 274 110 56 0 167 853 224 1153 281 146 1
54 279 111 56 6 168 859 225 1159 282 146 6
56 28 4 112 570 169 86 4 226 116 4 283 147 2
56 28 8 113 575 170 869 227 116 9 284 1477
57 293 114 580 171 874 228 1174 285 148 3
58 29.8 115 586 172 879 229 1180 286 148 8
59 303 116 591 173 885 230 1185 287 149 4
60 308 117 59 6 174 890 231 1190 288 1499
61 313 118 601 175 895 232 1196 289 150 5
62 318 119 60 6 176 900 233 1201 290 151 0
63 323 120 611 177 90 5 234 1207 291 151 6
64 328 121 61 6 178 911 235 1212 292 152 1
66 333 122 621 179 91 6 236 1217 293 1527
66 338 123 62 6 180 921 237 1223 294 153 2




STARCH AND AMYLASE 109

ALLINN'S TABLE FOR THE DETERMINATION OF DEXTROSE — Continued

Mlli- Mlli- Milli- Miih Miili Miili- Milli- Milli- Milli- Miih-
grams | grams || grams grams || grams grams || grams | grams || grams | grams

ot ot dex- of of dex- of of dex of of dex- of of dex-
copper | trose || copper trose copper trose copper trosc copper trose

295 153 8 329 1725 303 1917 397 2112 431 231 0
29 154 3 330 1731 364 1923 398 2117 432 231 6
297 1549 331 1737 366 1929 399 212 3 433 232 2
298 155 4 332 174 2 366 193 4 400 2129 434 232 8
299 156 0 333 174 8 307 140 401 2135 435 233 4
300 156 5 334 175 3 308 1946 402 2141 436 2339
301 157 1 335 1759 369 1951 403 214 6 437 245
302 157 6 356 176 5 370 1957 404 2152 438 2351
303 158 2 337 1770 371 196 3 405 215 8 439 235 7
304 158 7 338 1776 372 19 8 406 216 4 440 236 3
305 159 3 339 178 1 373 197 4 407 2170 41 2369
300 159 8 340 178 7 374 198 0 408 2175 442 2375
307 160 ¢4 341 1793 375 198 6 409 218 1 43 238 1
308 160 9 342 179 8 376 1991 410 2187 444 238 7
309 1615 343 180 4 377 1997 411 2193 5 239 3
310 162 0 344 180 9 378 200 3 412 2199 446 2398
311 162 6 45 1815 379 200 8 413 220 4 447 240 4
312 1631 346 1821 380 201 4 414 2210 48 2410
313 1637 47 182 6 381 202 0 415 221 6 49 241 6
314 164 2 348 183 2 382 22 5 416 2222 450 2422
315 164 8 349 1837 383 203 1 417 2228 451 2428
316 165 3 || 350 184 3 384 2037 418 2233 452 243 4
317 1659 |l 2239 453 244 0
318 b4 || 352 185 4 386 204 8 420 224 5 454 244
319 1670 363 186 0 387 205 4 421 2251 455 215
320 167 b 354 186 6 388 206 0 422 2257 45b 245

246
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321 168 1 355 187 2 389 206 5 423 226 3 47 2
322 168 6 356 1877 390 2071 424 226 9 458 246
323 169 2 357 188 3 391 2077 425 2275 459 247
324 1697 358 188 9 392 208 3 426 2280 460 2481
325 170 3 359 1894 393 208 8 427 228 6 461 2487
320 1709 360 190 0 394 209 4 428 2292 462 249 3
327 171 4 361 190 6 395 2100 429 2298 463 2499
328 1720 362 1911 39 210 6 430 230 4

boiling, remove the flame and filter the solution at once. The
cuprous oxide 18 very apt to run through the filter ~To prevent
this, after making the asbestos filter as usual, pour on 1t some
very fine asbestos suspended in watei, so as to form a tight
layer on the top of the felt. On the assumption that the starch
18 quantitatively hydrolyzed to dextrose, the weight of the latter
multiplied by 0.9 gives the corresponding weight of starch.
For detailed studies of the hydrolysis of starch by acids, see
the papers of Rolfe! and of Noyes.? According to several

1.J Am Chem Soc, 1596, 18, 869 , 1897, 19, 261, 1908, 25, 1003, 1015
2 Jbud , 1904, 26, 266
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investigators,! the weight of dextrose should be multiphed
by a higher factor (0.917 to 0.941) rather than 0.9, to find the
corresponding weight of starch.

MEeTHOD OF DIGESTION WITH DIASTASE OR SALIVA

If starch 1s gelatinmized by boiling with water and then treated
with malt diastase or saliva, 1t can be converted into maltose
and dextrin and these separated by filtration from the insoluble
resitdue containing the pentosans and other substances which
cause the results by the preceding method to be too high.

Determination. — Extiract 2.5 to 5 grams of sample with five
successive portions each 10 cc. of ethei, decanting the washings
through a hardened filter, wash with 150 cc of 10 pe1r cent
alcohol ; 2 tiansfer the residue to a beaker with 50 to 100 ¢c of
water ; heat gradually to boiling, stirring constantly to prevent
bumping or the formation of lumps. Cool to 55° for diastase,
or to 38° for saliva, add the solution contamning the enzyme
and keep the mixture within two degiees of the stated tem-
perature until a drop, removed and tested on a porcelain plate,
no longer shows a reaction for starch on mixing with a drop of
dilute solution of 1odine in aqueous potassium 1odide. Now
heat the solution agan to boiling 1n oider to gelatinize any
starch granules which may 1emain; test the solution, and if
staich 1s found, cool to the proper temperature ; add more of the
enzyme and digest as before. Continue this treatment until
the solution gives no starch reaction after boiling, or until
a cateful microscopic examination shows that the insoluble
residue 18 entirely free trom starch. Dilute to 250 cc., mix
110 wurhlv and pour on a diy fluted filter. Transfer 150 cc. of
the filtrate to a 250-cc. flask ; add 15 cc of hydrochloric acid of
1.125 sp. gr., attach the flask to a reflux condenser and heat in

18alomon Z anal Chem , 1883, 22, 593 Soxhlet Wochenschr fur
Brauer , 1886, 193 Vaubel, II, 455 Sostegnt Chem Zentrbl, 1837, 58,
896 Lintner and Dull Z angew Chem , 1891, 637 Ost Chem Ztg , 1895,
19, 1502 Rossing * Z offent! Chem , 1904, 10, 61, Abs J Chem Soc, 1904,
86, 11, 208. Noyes J Am Chem Soc, 1904, 26, 280

2 This extraction can often be omitted, since for many purposes 1t 18 unneces-
sary to distinguish between starch and soluble carbohydrates
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a boiling water bath for two and one half hours, or boil gently
on a hot plate or sand bath for 35 to 45 minutes. Complete the
determination as described 1n the preceding method.

The determination should be carried thiough without inter-
ruption. If this 18 1mpossible, care must be taken to avoid
alcoholic or lactic fermentation. After the digestion with the
enzyme 1s fimshed, but not before, salicylic acid may be added
as a preservative. It has been recommended that a trace of
fluoride be added at the start to retard lactic fermentation
while the digestion with the enzyme 1s taking place.

When only a few determinations are to be made, freshly col-
lected saliva can conveniently be used, as this 1s free from car-
bohydrate. If commercial diastase o1 an infusion of malt?! s
used, the amount added must be noted and a correction applied
fo1 the carbohydrate thus introduced  This 1s found by heating
a quantity of the diastase or infusion with acid and determining
the resulting dextrose as in the starch determination.

CoMPARISON OF RESULTS

The diastase method, carefully carried out, 1s believed to
yield practically coriect results As alieady explained, the
results obtained by direct acid hydrolysis aie usually higher
owing to the presence of other substances which yield reducing
sugars. A comparison of the results of the two methods 1s of
considerable interest, both because many of the recorded de-
terminations ot starch were made by the acid method and
because the determination of copper-reducing substance ob-
tained by direct hydrolysis 1s sometimes used as a means of
detecting adulterants in spices. The table below shows the
results of comparison of the two methods on a variety of sub-
stances. Many of the results of Winton and associates are
averaged from the comparative examination of several samples.
The other results were obtained by the writer, only one sample
of each kind being examined. .

1An active malt nfusion can be prepared by digesting 10 grams of fresh,

finely-ground malt, overmight at room temperature, with 200 cc of water or 10
per cent alcohol
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TasBLE 10. — REsuLTs BY DIASTASE AND BY DIRECT Acip HypRroLysis

Starch indicated by Starch indicated by
Substance Diastase| Aeid Substance Disstase| Acid

method | method method | method

Per cent | Per cent Per cent | Per cent
Air-dry starch . . | 8249 | 8230 || Whate pepper?® . 56 47 | 5917
Wheat flom . . .| 6655 | 68.35 || Long pepper? .| 3955 | 4288
Oatmeal . . .| 5623 | 5901 || Black pepper ! .| 3415 | 38863
Graham flour . . .| 5532 | 5863 || Mace ! . 2787 | 8173
Wheat bran . 2097 | 3882 || Nutmeg? 2372 | 2556
Linseed meall . 1406 | 2115 || Allspice? . 304 | 1803
Cocoa mbs! . . 807 | 1116 || Cloves? . .| 274 899
Wheat straw . . .| 439 | 2269 || Pepper shells? 230 | 1113
Cocoa shells ! . .| 414 | 1803 || Cayenne? 101 | 847
Buckwheat hullsl . 146 | 2051 || Walnut shells ! 101 | 1930
Cornstover . . .| 096 | 2013 || Almond shells? 084 | 2272

OTHER METHODS

For the determination of starch in a particular sort of
mate11al, 1t 18 sometimes feasible to obtain accurate results by
methods shorter than those above described Thus, the starch
in cereals 18 sometimes determined by dissolving in acid and
taking the rotatory power of the solution, and the starch con-
tent of potatoes may be estimated approximately from their
specific gravity. Papers describing these methods are included
among the references at the end of this chapter

Starchy materials are sometimes added as * fillers ™ to sausages
and other forms of ckopped meat. This adulteration 1s easily
detected by the 1odine reaction, which, however, must be care-
fully interpreted since a small amount of starch may legitimately
be present from the spices added in the manufacture. The
quantitative determination 1s complicated by the fact that meat
appears to contain some substance which interferes with the
separation of the cuprous oxide reduced 1n applying the usual

1 Results by Winton and associates, compiled from Leach’s Food Inspection
and Analysis
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method. Advantage 1s therefore taken of the insolubihity of
starch 1n alcoholic, and 1ts solubility in aqueous, potasstum hy
droxide. The method of Mayrhofer as modified by Bigelow
and adopted by the Association of Official Agricultural Chemists
18 as follows 1

Treat trom 10 to 20 grams of the sample under examination
(depending upon the amount of staich indicated by the 10dine
reaction) 1n a porcelain dish or casserole with 50 cc. of an 8 per
cent solution of potassium hydroxide and heat the mixture on
the water bath until the meat 1s entirely dissolved Add an
equal volume of 95 per cent alcohol, mix thoroughly, filter the
mixture through an asbestos filter, and wash twice with a hot 4
per cent solution of potassium hydroxide in 50 per cent alcohol.
Then wash with 50 per cent alcohol until a small portion of the
filtrate does not become turbid upon the addition of acid.
Return the precipitate and filter to the original vessel and dis-
solve the precipitate with the aid of heat in 60 cc. of a normal
solution of potassium hydioxide In the case of sausage, with a
high starch content, a somewhat larger volume of alkali may be
required. Acidify the filtrate strongly with acetic acid, dilute
to a defimte volume, mix thoroughly by <haking. filter through
a fluted pape1, and precipitate the starch from an aliquot part
of the filtrate by means of an equal volume of 95 per cent
alcohol. Transfer the precipitate to a weighed filter, wash
thoroughly with 50 per cent alcohol, with absolute alcohol, and
finally with ether, dry to a constant weight at the temperature
of boiling water, and weigh.

DIASTATIC POWER OF AMYLASES

Of interest 1n connection with the determination of starch
are the methods for the determination of the activity or power
of the starch-splitting enzymes (amylases) or of substances con-
tamning such enzymes. Such methods are of growing impor-
tance, not only 1n scientific 1nvestigations, but also 1n 1ndustrial
analysis.

1Bul 107, Bur Chem, U S Dept Agriculture
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Malt extracts are being purchased by bakers on the basis of
diastatic power, and the diastatic power of malt 1s 1mportant
n the alcohol industry when it 1s desired to convert as large an
amount of foreign starch, by the use of as little malt, as possible.
In the past, malt has been so freely used in the alcohol industry
in Amelica that its diastatic power has been a matter of com-
parative indifference, but 1t 1s to be expected that in the pro-
duction of industrial alcohol more economical methods will be
employed, and the propoirtion of malt used be governed by 1ts
diastatic power  Already, efforts are being made to develop
cheaper sources of amylase for industrial use.

In the field of food and d1ug 1nspection, theie 1s also a demand
for methods for the detetmination of diastatic power as 4 means
of measuring the activity of the various staich-digesting prep-
arations which are offered 1n the food and drug trade as aids to
digestion or as means of predigesting staichy food

Many methods of determining diastatic power have been pro-
posed, but most of these have been tested for only a single
amylase or only a narrow range of conditions There aie two
main types of methods, based respectively upon the measurement
of the amount of reducing sugar produced by the amylase o1
the measurement of the conversion of a given amount of staich
mto hydrolytic products.

Evidently the result obtained by either type of method will
depend upon the conditions under which 1t 1s applied, and
further 1t may be expressed in a number of ways, for example,
the amount of change produced by a given amount of enzyme
i a given time, the amount of enzyme required to produce a
given change 1n a given time, or the time required for a given
amount of enzyme to produce a given change.

Thiee typical methods are outhined below. Whatever method
be used, the observant worker will find that the results may be
nfluenced by many conditions which cannot be entered into
fully here. The chemist who is not already famihar with the
difficulties of work of this nature should not rely upon the
outlines here given, but should also study carefully the oniginal
papers cited at the end of the chapter.
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LINTNER’S METHOD AND SCALE!

Make a paste of two grams of purified,? dry, soluble starch
1 a little cold neutral distilled water and pour into 50 or 60 cc.
of boiling water. Boil for a minute or two after the starch 1s
dissolved, then cool and dilute to 100 cc 1n a graduated flask.
Place 10 cc. of this starch solution in each of a series of ten
test tubes and place the tubes 1n a water bath kept at 21° C-

Weigh out 50 to 100 milhgrams of diastase and after first
mixing with 4 or 5 cc. of water dilute to 100 or 200 cc. accord-
mng to the strength of the enzyme Then add to each of the
starch tubes known quantities of enzyme solution 1n increasing
amounts (or 1f the diastatic power of malt 1s to be determined,
add to each tube a difterent amount of malt extiact prepared
as below), e.g 0.1, 02, 0.3, 0.4, 05 cc., etc  After digest-
g for one hour at 21° C, stop the action by the addition of
5 cc of Fehling solution to each tube, place the tubes in boil-
g water for 10 minutes and then by means of the potassium
terrocyanide test (o1 one of the other tests described in Chapter
IIT) examine to determine the first tube in which the copper 1s
all reduced, 7 e the smallest amount of enzyme or extiact
which has produced sufficient maltose to reduce 5 cc. of Fehling
solution. Lintner piepared a sample of diastase of which
0 12 mg produced under these conditions the maltose necessary
to reduce the 5 cc. of Fehling solution. This preparation was
rated as having a diastatic power of 100 and the diastatic powers
of other preparations were calculated as inversely proportional
to the amount of sample required to produce this fixed amount
of reducing sugar. Thus, if 0.3 mg. were required

0.3 - 0.12 100 . X
X = 40,

the diastatic power of the preparation tested (Lintner Secale).
In applying this method to malt, digest 25 grams of the dried,
ground sample with 500 cc. of water and use, portions of the
1J prakt Chem , [2], 34, 378

2 The preparation of soluble starch for this purpose 18 discussed fully by Ford:
J Soc Chem Ind, 23, 414
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clear filtered extract, as described for the diastatic solution.
Then 1f V' = volume of extract, required to give complete re-
duction of the Fehling solution,

V:0.1 .100 . diastatic power of malt (Lintner Scale)

If 1n such a test cupric copper be found in the tube represent-
mng 0 2 cc. and not 1n that which had 0.8 cc of the extract, 1t
18 evident that the true value of V7 lies either at 0.3 cc. or
between 0.2 cc. and 0.3 cc. and can be found accurately only
by repeating the test with small increments of volume between
these limits.

Note that the values on Lintner’s scale for malt are about
40 times as high as on his scale for enzyme preparations.

WoHLGEMUTH'S METHOD AND SCALE!

Place 1n each of a series of test tubes diminishing amounts
of saliva or enzyme solution to be tested Introduce into each
tube 5 cc of a 1 per cent solution of soluble staich and place
each tube 1mmediately 1n a bath of 1ce water When all are
prepared, transfer the tubes to a water bath at 40° for 30 minutes

At the end of this time transfer again 1mmediately to the 1ce
water bath to stop the action.

Dilute the contents of each tube to within } inch from the
top with water. Add one drop of a tenth-normal solution of
1odine and shake well. One usually obtains colois from blue
through violet, red, and yellow to colorless indicative of starch,
erythrodextrin, achroodextrin, etc Taking the tube where
the blue or violet has entirely disappeared, giving place either
to red or orange-red color as judged by Mulliken’s Color
Standard Sheet C, note the amount of enzyme solution 1in
this tube and calculate the power of the enzyme as the number
of cubic centimeters of 1 per cent starch solution which 1s
digested to this stage 1n a given time by 1 cc. of enzyme solution.

Thus 1f 0.2 gram (or cubic centimeter) of the substance
tested completely digests 5 cc. of starch solution in 30 minutes

1 Biochem Zewtschrift, 9, 1
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at 40°, then 1 gram or 1 cc. of that solution will be able to digest
250 cc. of 1 per cent starch solution, or 1ts power 18 then stated :

D =250 (Wohlgemuth Scale).

Here the time of reaction 1s brought into the final expression
of diastatic power so that the method may be applied to sub-
stances whose power 18 very slight by allowing them to act a
long time.

Wohlgemuth has used the method principally in testing
physiological fluids, in which case the results are expressions
of relative volumes. When the substance tested 1s a solid, the
results are calculated in the same way, cubic centimeter and
gram being considered practically interchangeable.

NeEw METHOD AND SCALE!

Prepare 400 cc. of 2 per cent soluble starch solution.
Weigh a portion (depending upon 1ts activity) of the materal
to be tested, dissolve, and dilute to volume (Note 1) By
means of a 1 cc. Mohr’s pipette accurately calibrated in hun-
dredths, measure into four 200 -ce. Erlenmeyer flasks such
volumes of the enzyme solution as will contain suitable quan-
tities of amylase (Note 2) Then, noting accurately the time
at which the staich and enzyme solutions are mixed, pour into
each flask 100 cc of the starch solution which has been pre-
viously warmed to 40° (Note 3). Place the flasks immedi-
ately 1n a water or air bath, the temperature of which 1s main-
tained at exactly 40° throughout the entire time of reaction
and allow to digest for 30 minutes (Note 4). At the expira-
tion of the thirty minutes stop the action immediately by
adding to each flask 50 cc. of Fehling solution (Note 5), and
immersing the flasks 1 a large bath of boiling water for 156
minutes. See that the water in the bath 1s kept boiling and
that 1t stands above the level of the contents of any of the
flasks.2 At the end of this heating filter quwckly on weighed

1 Sherman, Kendall and Clark J Am Chem Soc, 32, 1082
2 The flasks may be weighted with lead rings to prevent upsetting
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Gooch crucibles having thick felts of specially prepared asbes-
tos; wash the cuprous oxide thoroughly with hot water, then
with alcohol and ether; dry for at least 20 minutes 1n a boiling
water oven and weigh  Use for the following calculation that
one of the four determinations which shows the highest weight
of cuprous oxide not exceeding 300 mg. when corrected for
the reducing power of the soluble starch.

Correct the weight of cuprous oxide found for the reducing
power of the soluble starch by subtracting from 1t the weight
obtained 1 a “blank” test in which the starch solution 1s
treated directly with the Fehling reagent, heated, etc , exactly
as 1n a regular determination.

From this corrected weight of cuprous oxide find the corire-
sponding value of K in the following table, and divide this
value for K by the weight i mlhigrams of the substance
under examination (Note 6)

TaBLE 11 — VaLuEs FOorR K FrRoM CupPrOUS OXIDF FOUND

Cuprous Cuprous Cuprous Cuprous
oxide K oxide K oxide K oxide K
Mgms Mgms Mgms Mgmns
30 91 100 312 170 541 240 783
40 122 110 344 180 575 250 818
50 153 120 376 190 609 260 854
60 184 130 409 200 64 3 270 890
70 216 140 442 210 678 280 926
80 24 8 150 475 220 713 290 96 3
90 280 160 50 8 230 748 300 1000

Ezample — Suppose a flask which had received a solution
corresponding to 1.2 mgm. of substance shows 284.2 mgm
cuprous oxide and the “blank” for the soluble starch is 60 2
mgm. Then find the value of K corresponding to 284.2 —
60 2 or 224 mgra. cuprous oxide This 1s 72.7, which when
divided by 1.2 (the weight of substance acting) gives a dia-
static power of 66 (new scale).
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Note 1. —In making the solutions of starch and of enzyme
the purest obtainable water should be used. To this water
should be added the necessary ‘activating agents” to enable
the enzyme to exert 1ts noimal action. In testing pancreatic
amylase 300 mg. sodium chloride and 7 ce. fiftieth-molar di-
sodium phosphate are added to 100 cc. of water used as solvent
both in making up the starch solution and for dissolving the
enzyme.

Note 2. — The amount of sample required will vary greatly
with the nature of the material. In testing malts a volume of
extiact corresponding to several milligrams of sample may be
required; 1n testing commercial diastatic preparations, from a
fraction of a milligiam to a few milligrams, 1n testing highly
purified prepatations a volume of solution corresponding to
only a few hundredths of a milligiam of the substance may be
required.

Note 8. — A temperature of 40° C. 1s suitable for enzymes ot
anumal origin, and as those of vegetable o11gin have heietofore
been tested at various temperatures from 21° to 60° C. 1t seems
very desirable that a uniform temperature of 40° be adopted for
all testing of amylases, notwithstanding the fact that they will
usually be found to work more rapidly at a higher temperature.
In general, results obtained by different observers working at
different temperatures cannot properly be compared.

Note 4. — The 1egulation of temperature 1s very important,
as a difference of 1° C (throughout the time of digestion) under
the optimum conditions here described for pancreatic amylase
affects the result about 10 per cent. It 1s well to stand the
flasks 1n p water bath containing a thermometer and place the
whole 1n an air bath - The importance of accurate regulation of
the time 1s obvious. Should the time of action of the enzyme
be other than 30 minutes, the result need not be rejected, but
the value found for K below must be multiplied by 30 and
divided by the actual time in minutes, before dividing by the
weight of enzyme to find the diastatic power. *

Note 5. — Fehling solution as described under Fehling’s or
Defren’s method in Chapter III 1s used. The addition of this
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to each solution should be accurately timed so that the time of
action of the enzyme on the starch shall be exactly known 1n
each case.

Note 6. — As 18 usual 1n such cases the rate of amylolytic
action decreases shightly as the conversion of starch into maltose
proceeds, so that weights of maltose or of cuprous oxide cannot
be taken as showing directly the true diastatic power, but 1f the
velocity curve of the amylolytic action be plotted with time as
abscissas and yield of reducing sugar as ordinates a scale may
be established which will permit of an expression of true dia-
static power based upon the weight of cuprous oxide obtained,
as above described. If 800 mg. of cuprous oxide be taken as
100 on such a scale, the value on this scale of any lesser weight
of cuprous oxide 1s obtained by expressing the abscissa corre-
sponding to such weight as percentage of the abscissa for 300
mgm. cuprous oxide. The values thus obtamned are given
as “values for K 1n the table.

UNIFICATION OF METHODS FOR DETERMINING AND
EXPRESSING DI1ASTATIC POWER

The data at present available are not sufficient to warrant the
proposal of any one method as being the most accurate and the
most logical for all cases. It remains to be determined whether
the power of forming 1educing sugars (saccharifying power)
and the power of converting starch into products which do not
give a blue color with 10dine (* liquefying” power) run parallel
as between amylases of different origins. If not, 1t may well be
that the use for which the amylase 1s intended will influence
the choice of method When the conditions governing the
sacchanfying power of the different amylases, and the products
of their action, have been more fully determined, 1t 18 hoped that
a stmple mode of expressing diastatic power 1n terms of a ratio
of the weight of active substance to starch converted or to re-
ducing sugar formed under standard conditions may be found
feasible for general use.

In the meantime 1if those having occasion to determine and
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record diastatic powers will use one of the methods above de-
scribed, the comparison of results obtained by different workers
will be gieatly facilitated and all results will thereby gain in
value.
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CHAPTER VI

Vinegar and Acetate
VINEGAR

THE principal varieties of vinegar have been defined and
standardized by the U. S Department of Agriculture as
follows

Vinegar, cider vinegar, apple vinegar, 1s the product made by
the alcoholic and subsequent acetous fermentations of the juice
of apples, 1s levorotatory, and contains not less than 4 grams of
acetic acid, not less than 1.6 grams of apple solids, of which not
mote than 50 per cent are reducing sugars, and not less than
0 25 gram of apple ash 1n 100 ce. (20°C ), and the water-
soluble ash from 100 cc. (20°C ) of the vinegar contains not
less than 10 mg. of phosphoric acid (P,0O;), and requires
not less than 30 cc of decinormal acid to neutralize its
alkalimty.

Wine vinegar, grape vinegar, 1s the product made by the
alcoholic and subsequent acetous fermentations of the juice of
grapes, and contains 1n 100 cc (20° C ) not less than 4 grams
of acetic acid, not less than 1.0 gram of grape solids, and not
less than 0.13 gram of grape ash.

Malt vinegar 1s the product made by the alcoholic and subse-
quent acetous fermentations, without distillation, of an infusion
of barley malt, or cereals whose starch has been converted by
malt, 18 dextrorotatory, and contains in 100 cc, (20° C.) not less
than 4 grams of acetic acid, not less than 2 grams of solids, and
not less than 0.2 gram of ash; and the water soluble ash from
100 cc. (20° C ) of the vinegar contains not less than 9 mg.

100
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of phosphoric acid (P,0;), and 1equires not less than 4 cc. of
decinormal acid to neutralize its alkalinity.

Sugar vinegar 1s the product made by the alcoholic and sub-
sequent acetous fermentations of solutions of sugar, syrup,
molasses, or refiner’s syrup, and contains i 100 cc. (20°C.)
not less than 4 grams of acetic acid.

Glucose vinegar 1s the product made by the alcoholic and sub-
sequent acetous fermentations of solutions of starch sugar or
glucose, 18 dextrorotatory, and contains in 100 cc. (20° C.) not
less than 4 grams of acetic acad

Spirit vinegar, distilled vinegar, grawn vinegar, 1s the product
made by the acetous fermentation of dilute distilled aleohol and
contains 1n 100 ce. (20° C.) not less than 4 grams of acetic acid.

Vinegar of any of these varieties may contain as an adulterant,
or substitute, acetic acid made by refining the product of the diy
distillation of wood and which 1s sometimes known as wood
vinegar. This wood vinegar or pyrohgneous acid 1f not well
refined may be recogmzed by the tarry taste and odor and
1dentified chemically by a color reaction for furfuial (see quali-
tative test for pentoses, Chapter I1I). When well refined, the
dilute solution of commercial acetic acid cannot be recogmzed
1 vinegar by any characteristic of its own, but only by 1its
effect 1n lowering the amounts of solids, ash, ete, which chai-
acterize the pure vinegars of the different varieties.

DETERMINATION OF SOURCE

The principal vinegar of the Umted States 1s cider vinegar,
although considerable quantities of malt vinegar are also used.
The substitutes are made mainly of spirt vinegar, sugarhouse
or glucose wastes, and wood vinegar from acetate of lime.
Cheap apple jelly 1s sometimes added to the substitutes to give
them the color, flavor, and body of cider vinegar.

Cider vinegar contains from 1.2 to 8 per cent of solids,
average about 2.5 per cent, malt vinegar 1.75 to 6, average
about 8 per cent; spirit vinegar rarely over 0.75 per cent,
average about 0 30 per cent.
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The total ash in spirit and wood vinegars rarely exceeds 0.1
per cent. In fruit and malt vinegars it rarely falls below 0.2,
cider vinegar averaging about 0.35 per cent.

The alkalimty of the ash, expressed as above, 1s, according
to Frear, for cider vinegar 26 to 65, average 39, for malt
vinegar, 5.5 ; for spirit vinegar, 1.1.

The flame reaction of the solids 1s said to be always that of
potash 1n the case of cider vinegar, while spirit, sugar, and
glucose vinegars and any which have been artificially colored
show the sodium flame (Davenport-Fiear)

The optical activity of vinegar often indicates the source.
Pure cider vinegar, after clarification with basic lead acetate,
18 levorotatory, a 200-mm. tube giving usually a reading of
—0 5° to —1.4° on the Ventzke scale According to Browne,
levulose 1s the only sugar present in properly fermented cider
vinegar, the sucrose and dextrose having both disappeared 1n
the alcoholic fermentation. Wine vinegar 1s also shghtly
levorotatory.  Vinegar from sugarhouse wastes 1s dextro-
rotatory before, and levorotatory after, hydrolysis. Glucose
vinegar shows dextrorotation both before and after hydrolysis.
Artificial vinegars can, of course, be made levorotatory by the
addition of apple juice or cider.

It has been supposed that the presence of malic acid should
be one of the characteristics of genuine cider vinegar, but the
work of Van Slyke and others has shown that malic acid of
apple juice 1s largely, if not wholly, destroyed during the
alcoholic and acetous fermentations, so that tests for or determi-
nations of malic acid are of little 1f any value in the examina-
tion of vinegar as to 1ts source.

Balcom finds that determination of the nonsugar sohds by
subtracting the total sugar from the total sohds 18 an im-
portant aid in the judgment of vinegars. Table 12 and the
explanations which follow are based on Balcom’s report pub-
hshed 1 19101

1U.S Dept Agriculture, Bur Chem , Bul. 132.
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TABLE 12 — COMPARISON OF ANALYSES OF VINEGARS OF KNOowN CHAR-
ACTERS WITH COMMERCIAL SAMPLES AND WITH AVERAGE DaTa
(Balcom)

[Grams per 100 cc ]

Reduc Alka Ash Phosphoric acid
'52:';1 Total | NOn- | 1ng | motal lu::;y in (P305) Polari
No as | solids | Sugar [sugars| o7 oo | non zation
acetic solids | in soluble| SU8%T | Qolu. |Insolu- | (direct)
solids ash | solids | e ple | 1ot
Per «t ¢ |Per t | 4
404 | 254 | 190 | 196 [ 0367 | 357 | 188 | 173 | 120 | 293 | —146
11 {79() 452|289 | 450 | 052 560 | 265 | 309 | 320 | 642 | —436
3291137 |12 56| 020 215 | 112 67 43151 |—02
2 465|240 | 151 [ 372 | 032 319|212 124 105229 |—13
3 431018 016 | 111 | 0016 15| 100 02 15 17 |+06
4 4511127 {080 | 370 | 020 175 | 250 55 T4 | 129 |—03
5 4721215 | 105|512 | 028 370 | 267 87 1104|191} —
6 4461211 | 091 | 569 | 029 330 | 319 | 115|108 | 223 |—10
7 466 | 209|173 | 170 | 056 111 | 324 181521170 |+£00

No. 11s the normal basis for comparison established by the
compilation of about 100 analyses of cider vinegars of known
purity. These analyses were made by different chemists and
1epresent vinegars fiom different parts of the country, al-
though the greater number were of vinegars made from apples
grown 1n New England.

No. 2 was a blend of about 50 commercial samples which
from analysis were passed as pure, but some of which were
regarded as not above suspicion.

No. 3 was an uncolored spirit vinegar (Commercial spirit
vinegars are frequently colored with caramel.)

No. 4 was a mixture of equal volumes of Nos 2 and 3.
Note the differences in analytical data between this sample and
No. 2 or No. 1.

No. 5 was a known mixture of cider vinegar, spirit vinegar,
and boiled cider, the latter bringing up the total solids, etc.
Note the low value of the nonsugar solids considered 1n con-
nection with the abnormally high percentage of sugar in the
total sohids.

1 Average, maximum, and mimmnum data on about 100 vinegar samples
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No. 6 was a commercial sample whose analysis, as will be
seen, shows 1t to have been of the same character as No. 5.
The analysis of No 6 1s given by Balcom as typical of a large
number of vinegars found on the market at the present time
and which are regarded as mixtures of cider vinegar and
dilute acetic acid, the latter, perhaps, in the form of spint
vinegar, to which has been added some foreign material high
mn sugar  Whether this mateial 1s unfermented apple juice,
boiled cider, apple jelly, o1 some other material 18 difficult, 1f
not 1mpossible, to detexmine with certainty. In most cases 1t
18 believed to be either unfermented apple juice or boiled cider.

No. 71s a sugar vinegar made from New Orleans molasses
and 15 supposed to be fairly representative of this kind of
vinegar which 1s being introduced to an increasing extent
to take the place of the cheap artificially colored spirit vinegar.
It will be noted that the analytical data of the sugar vinegar
show considerable resemblance to that of a cider vinegar, the
most noticeable differences being a 1elatively hgher ash or
lower alkalimty of the water-soluble ash, low water-soluble
phosphoric acid, and usnally, though not necessarily, a dif-
ference 1n behavior toward polarized hight. The latter prop-
erity will, of course, depend upon the nature of the residual
sugar, as determined by the composition of the sugar syrup or
molasses fermented.

METHODS OF ANALYSIS

A thorough examination of vinegar should 1nclude determina-
tions of specific gravity, total sohids or extract, total and
soluble ash, alkalinity and phosphoric acid of the ash, sugars,
polatization, total and volatile acidity, and alcohol. Free
mineral acids should be determined 1f present.

Methods for all of these determinations have been adopted by
the Association of Official Agricultural Chemists. The follow-
ing directions for the mole 1mportant determinations are in
accordance with the offictal methods. It 13snot necessary to
repeat here the methods for alcohol, sugars, and for polari-
zation.
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Total Solids or Extract

Evaporate 10 cc. nearly to dryness m a weighed platinum
dish of 50 mm. diameter on a steam bath, dry for two and one
half hours 1n a boiling water oven, cool thoroughly in a desic-
cator and then weigh quickly.

Total Ash

Char the extract thoroughly at a low red heat, leach with
water, burn the insoluble residue to whiteness, add the water
solution, evaporate and heat to low 1edness, cool 1n a desiccator

and weigh.
Solubility and Alkalwnity of Ash?!

Evaporate 25 cc. to dryness, burn, cool, and weigh; extract
the ash repeatedly on an ash-free filter; diy and ignite the
filter and residue, and weigh as 1nsoluble ash. Titrate the
filtrate, using methyl orange as 1indicator, and calculate
the number of cubic centimeters of tenth-normal acid which
would be requiied to neutialize the corresponding filtrate from
100 ce. of the vinegar.

Total Acidity

Dilute 10 cc. 1n a beaker until the solution appears very
light-colored against a white background, add phenolphthalein
and titrate with standaid sodium hydroxide. If only the
total acidity 18 determined, the result 1s expiressed as acetic acid.

Volatile Acids

Heat 15 cc. of the vinegar to boiling in a flask, adding a
little tanmin to check foaming, if necessary; lower the flame
and distill with steam until the distillate no longer contains
acid. Thitrate the distillate with standaid sodium hydroxide
and calculate as acetic acid.

The difference hetween the total acidity and that due to
volatile acids gives a measure of the fixed acids and, in the
case of cider vinegar, 1s calculated as malic acid.

1 Smith’s method modified by Frear J Am Chem Soc, 1828, 20, 5.
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Detection of Free Mineral Acid

Dalute 5 cc. of the vinegar with 5 to 10 cc water to reduce
the acidity to about 2 per cent of acetic acid, add four or five
drops of an aqueous solution of methyl violet (one part of
“methyl violet 2 B”—No. 56 of Bayer Farbenfabrik, Elber-
feld —1n 10,000 parts of water). Mineral acids change the
blue violet color to a blue green or green.

Determination of Free Mineral Acid — Hehner's Method

To a weighed quantity of the sample, add a measured
amount (more than sufficient to neutralize all mineral acid
present) of tenth-normal alkali; evaporate to dryness, incin-
erate, and titiate the ash with tenth-normal acid, using methyl
orange as wndicator The difference between the volume of
alkali added and that of acid required represents the equiva-
lent of the fiee mineral acid 1n the sample.

ACETIC ACID AND ACETATE

Pure acetic acid 1s a colorless liquid of 1.056 specific gravity,
miscible 1n all proportions with water, alcohol, and ether.
When nearly anhydrous 1t solidifies at about 16° — hence the
texm “glacial” as apphied to very strong acetic acid. The
pure acid boils without decomposition at 119°. From dilute
aqueous solutions 1t distills readily with steam at the tempera-
ture of boiling water. The principal source of commercial
acetic acid 1s the crude acetate of lime made by neutrahizing
the acid obtained in the dry distillation of wood. For the
determination of the volatile acid obtainable from commercial
acetate the following method can be used.

DETERMINATION OF ACETIC AcCID IN CALCIUM ACETATE

Arrange a round-bottomed flask of 300 ce. capacity in such

a way that 1t can be inclined at an angle of about 60° from the

perpendicular and connected with a nearly vertical condenser,

while another tube passing through the stopper of the flask

provides for the continuous introduction of water, drop by
K
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drop, during the distillation. The flow of water can be con-
trolled by means of a screw pinchcock or a small dropping
funnel.

Weigh 2 grams of the ground sample,! transfer to the flask, and
add 15 cc. of 50 per cent phosphoric acid and 25 cc of water,
being sure that the water washes down any of the sample or acid
which may have adhered to the neck of the flask. Connect the
flask with the condenser and distill, collecting the distillate 1n a
recerver containing 50 cc. of water to prevent loss due to evap-
oration of acetic actd  During the distillation keep the volume
of liquid nearly constant at 40 cc. by admitting water free from
carbon dioxide, 1 such a way that the drops fall upon the
nner surface of the neck of the flask and not durectly into the
boiling hquid Continue the distillation until the distillate 1s
no longer acid. This usually requires about one and one half
hours. Titrate the distillate with freshly standardized sodium
hydroxide solution, using phenolphthalein as indicator. Cal-
culate the total acidity as percentage of acetic acid in the
sample.

Notes. — It has been found that small amounts of phosphoric
acid are fiequently carried over mechanically 1if the acetic acid
18 removed by a current of steam or if the distillation 1s con-
ducted 1 an upright flask, especially when drops of water are
allowed to fall directly into the boihng acid mixture. The
directions for arrangement of apparatus are intended to avoid
this source of error

The phosphoric acid used must not contan nitric or any
other volatile acid. The large excess 1ecommended dissolves
the calcium phosphate formed and thus prevents bumping
Oxalic may be substituted for phosphoric acid, and the calcium
oxalate removed by filtration before distilling. This method,
however, 1s longer and no more accurate than the phosphorie
acid method as deseribed  Sulphuric acid cannot be used, as 1t
would be partially reduced to sulphurous acid by the tarry
matter present in the crude acetate

1Tn samphing, grinding, and weighing portions for analysis, special care must
be taken to avoid changes 1n moisture content
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The distillate obtained as described should contain only a
minute amount of carbonic acid. It 1s frequently recommended
that the distillate be caught 1n standard alkali nearly sufficient
to neutralize all the volatile acid expected. In this case the
distillate would contain all carbonic acid liberated 1n the distil-
lation The distillate containing some free acetic acid should
therefore be boiled under a reflux condenser to expel carbonic
acid before making the final titiation Eirors may also be
caused by variation 1n the amount of carbonate in the alkali
used for titration. Hence this must be freshly standardized,
using phenolphthalein as indicator, under the same conditions
of temperature and 1emoval of caibon dioxide as exist in the
tit1ation of the distillate.

The volatile organic acid, though calculated as acetic, always
contains some formie, propionic, and butyric acids  In addition
to these Scheuer found small amounts of valeranie, caproie, hep-
tylic, capryhe, and nonyhe acids In view of the danger of
phosphoric acid being carried over, 1t 15 advisable, after titrat-
ing the distillate, to add mtiie acid, evaporate to 25 ce., and
test for phosphoric acid by adding ammonium mtrate and molyb-
date solution.

The distillation method has now almost entirely replaced the
indnect methods formerly used There 1s, however, no gen-
eral agreement as to the details of manmipulation. A full deserip-
tion of the method as used in the laboiatory of the General
Chemical Company 1s given by Grosvenor.
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CHAPTER VII
Fatty Acids

WiITH a few possible exceptions the fatty acids are all mono-
basic and those of the common fats all contain an even number
of carbon atoms i1n the molecule. Fatty acids containing odd
numbers of carbon atoms are not widely distributed in nature,
being usually characteristic of some particular fat or small
group of fats. The following statement of analytical proper-
ties 18 based mainly upon the data given by Lewkowitsch

Acips orF THE SEriEs C,H,,0,

Butyric acid, C,;HgO,, occuis! in butter and mn very small
quantity 1n a few other fats It 1s a mobile hquid, mixing 1
all proportions with watei, alcohol, and ether It boils with-
out decomposition at 162° and 1s readily volatile wath steam.
Specific gravity at 20°, 0.9569

Caprowe aced, C H,0,, occurs in butter and coconut fat. It
18 a1ather oily iquid of unpleasant odor, not miseible with water,
but somewhat soluble 1n 1t, and volatile with steam. Boiling
point about 200°,  Specific gravity at 20°, 0.924.

Caprylie acid, CgH O, occurs 1n coconut o1l, butter, and
human fat In the cold 1t crystallizes in leaflets which melt at
16 5°. It boils at 237° and 1s volatile with steam. One part
dissolves 1n 400 parts of boiling water, from which it separates
almost completely on cooling. It 1s 1eadily soluble in alcohol
and ether. Specific gravity at 20°, 0.910. )

Capric actd, CyqHgyO,. has been found chiefly in coconut oil,
butter, and the fat of the spice bush, Lindera benzoin. It melts

1 These statements refer to the occurrence of the acids as esters rather than
1n the free state

133
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at 81.38° boils at 270°, and distills with steam Soluble 1n about
1000 parts of boiling water, almost insoluble in cold water,
soluble 1n alcohol and ether

Lauric acid, C;,H,,0,, occurs abundantly in the fat of the
seeds of Lindera benzown, and 1n smaller proportions in coconut
fat, palm o1l, laurel o1l, butter, and the nut oil of the Cal-
fornia bay tree  Lauric acid melts at 43 6° and cannot be dis-
tilled at atmospheric pressure without decomposition It 1s
practically insoluble 1n cold water, slightly soluble 1n boiling
water, and appreciably volatile with steam. Specific gravity at
20°, 0 883

Myristic acid, Ci,Hag0,, 18 found 1n nutmeg butter, dika fat,
butter, coconut oil, laid, and many other fats, as well as 1n
spermaceti and wool wax It ciystallizes in leaflets which melt at
58 8°.  Myrstic acid 1s 1nsoluble mm water and only very shightly
volatile with steam It 1s not 1eadily soluble mn cold alcohol

Palmtic acrd, CigHgy0O,, occurs 1 neaily all solid tats and
non .y oils as well as 1 several waxes imcluding speimaceti
and beeswax. It melts at 62 6° and solidifies on cooling to a
scaly crystalline mass It 1s insoluble 1n water and not readily
soluble 1n cold 95 per cent alcohol, but dissolves in about 10
parts of cold absolute alecohol

Stearic acid, (' ;zHg,0,, 18 found 1n most fats and occurs most
abundantly in those having high melting points. It crystallizes
mn leaflets which melt at 69 3°. It 1s less soluble in alcohol
than palmitic acid, 1equiring about 40 parts of absolute alcohol
in the cold. It dissolves 1eadily n ether, benzol, carbon bisul-
phide, or hot alcohol.

Arachidic acid, CyH ,O,, occurs 1n arachis (peanut) oil, and
has been obtained in very small quantities from several other
fats  Arachidic acid 1s distinguished fiom all 1ts lower homo-
logues by 1ts insolubility 1n cold alcohol. It dissolves freely in
hot alcohol, but on cooling separates almost completely as
needles or crystalline scales, which melt at 77° to 78°.

Behenic acid, CyH,,0,, lignoceric acid, CyH O, and an
1somer of the latter, carnaubic actd, occur respectively 1n o1l of
ben, arachis o1l, and carnauba wax.
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Cerotic acid, CyH;,0,, and melissic acid, CgyHgO,, are found
in the free state 1n beeswax.

The change 1in properties of these acids, as the molecular
weight 1ncreases, 18 noticeably regular. The melting and
boiling points rise while the specific gravities and solubilities
decrease. In general the properties of the glycerides and other
esters vary 1n the same way as those of the free acids.

With the exception of caproic, all of the acids of this series,
occuiring in natural fats, aie believed to be of the “normal”
(straight chain) stiuctuie.

Acips or THE SErIES C,H,, ,0,

These acids are unsaturated. Each molecule contains one
ethylene linkage or double bond, and 1s, therefore, capable of
taking up by direct addition two atoms of halogen or one mole-
cule of hydrobromic acid to form a saturated compound
Careful oxidation in the presence of moisture results in the
formation of the coriesponding dihydioxy compounds The
unsaturated acids have, as a 1ule, lower melting points than the
saturated acids containing the same number of carbon atoms,
and are therefore found more largely 1 oils and soft fats.
Only the more 1mpoitant members of the seiles will be con-
sulered hete.

Hypogwie acud, CsHg,0,, obtained from arachis (peanut) oil,
melts at 33°% but 1s converted by the action of mtrous acid into
the 1somelic gaidic acid which melts at 89°.  Phycetolerc acid,
1someric with hypogaic, 1s obtained from sperm o1l and seal oil.
It melts at 30° and 18 not changed by nitrous acid

Oleic acid, CgH,,C,, occurs 1n nearly all fats and fatty oils.
It 15 an oilly hquid which sohdifies at 4° and melts at 14°.
Nitrous acid converts oleic acid 1nto the 1someric elaidic acid,
which 1s a ciystalline solid melting at 44.5° (Lewkowitsch).

Erueie acud, CyoH 140,, found 1n rape seed and mustard seed
oils, melts at 33° to 34°. By the action of mtrous or sulphur-
ous acid 1t can be converted into brassidic acid, melting at 65°.
This change, however, takes place less readily than the corre-
sponding conversion of oleic acid into elaidic acid
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The gradual change 1n properties with increasing molecular
weight, noticed 1n the saturated acids, 1s not apparent in this
series, doubtless because the known acids of the series differ as
1egards the position of the double bond and are therefore not
strictly ssmilar 1n constitution  The property of changing to
sohd 1somers under the influence of mtrous acid 1s characteristic
of the acids of tlhus series and furnmishes a means of testing for
them 1n fatty oils. Any of the latter which contain large
amounts of these acids become solid or semisolid on treatment
with mitrous acid. This 18 known as the elaidin test, and
is sometimes useful in the preliminary examination of oils,
but has been shown to be less rehable than was formerly
supposed.

An 1mmportant characteristic of the unsaturated acids 1s the
solubility of the lead soaps in ether. Muter’s method for the
separation of saturated and unsaturated fatty acids 1s to pre-
cipitate the mixture of acids as lead soaps and wash with ether.
While this method 18 not strictly quantitative, 1t 1s probably
the best which has been devised for the purpose.

Acips or THE SERrIEs C,H,, O,

The acids of this series unite with four atoms of bromine or
10dine and absorb oxygen on exposure to the air.

Linoleie acid, CgH,,0,, 1s the only 1important member of the
series It 138 widely distiibuted, occurring most abundantly n
the “drying oils,” so called because they are oxidized to solids
on exposure to ai. While especially characteristic of the
drymng and semidrying oils, hinoleic acid 1s also found 1n non-
drymg oils and in small quantity in some of the solhd fats
It absorbs oxygen from the air so readily as to interfere se-
riously with ordinary methods of purification and examination
Its physical properties are therefore not well known, but 1t has
been shown to have a higher specific gravity than oleic acid and
a much lower mélting point since 1t does not sohidify at — 18°.
Linoleic acid 18 not changed by nitrous acid. Lead linoleate 1s
soluble in ether.
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Acips or THE SER1ES C,H,, O,

Linolenic acid, Cgll;0,, 18 the only member of this series
which has been obtained 1n the free state. It 1s a colorless o1l
which absorbs oxygen very rapidly from the air, at the same
time becoming dark brown The puiest preparations of the
acid which have been described absorbed 242 to 245 per cent
of 10odine. 'The pure acid should absorb six atoms or 274 per
cent of 1odine Linolenic acid has not been solidified. Its
specific gravity 1s greater than that of linoleic acid. The lead
soap 1s soluble 1mn ether. Linolenic acid occurs 1n considerable
quantity 1n linseed oil. By oxidizing linseed o1l acids with
alkaline permanganate, Hazura obtained two acids of the formula
U18Hgo(OH) Oy, linusic and 1solinusic acids, and hence mferred
the presence of an 1solinolenic acid 1n linseed o1l.  Jecoric acid,
1someric with linolenic acid, 1s reported by Fahrion! as existing
m sardine 011  The highly unsaturated acids of fish and marine
ammal oils are 1n general 1someiic, rather than identical, with
those of linseed o1l

Acms or THE SErIEs C,H,, 0,

Five acids have been reported as belonging to this series
The only one which need be mentioned here 1s clupanodonic
acd, CigHyg0,, occuriing 1 Japanese saidine oil, herring oil,
and whale and turtle oils.

SATURATED HyDpROXY-ACIDS

When any of the unsaturated acids occurring in vegetable
oils 1s carefully oxidized in alkaline solution by means of
potassium permanganate, hydroxyl 1s added until the mole-
cule becomes saturated  Thus oleic acid yields dihydioxy-
stearic acid, CHg;(OH),0, hinoleic acid yields sativic
acid, CigHg(OH),0O, and linolenic acid yields linusic acid,
C,sHg(OH),O, Similar changes in the unsaturated acids
may take place when their glycerides are exposed to the air.
Small amounts of saturated hydroxy-acids are, therefore, ikely

1 Chem Ztg., 1893, 17, 521
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to be present 1n fatty oils which have been kept for some time
in partially filled bottles or otherwise exposed to atmospheric
oxidation. Only two acids of this series have as yet been
found n nature. Jullard?! found about 1 per cent of dily-
droxystearic acid 1n castor oil and Browne? the same quantity
m butter fat. A dihydroxy-acid of the formula, Cg4ylIgO,, 15
sa1d to occur 1 wool wax 8 and 1s called lanocerinic o1 lanocenc
acid.

Hyproxy-Acip oF THE SERIESs C,l11,, ,0,

Ricinoleie acid, C;gHgz O, the only 1mportant member of this
series, occurs 1 large quantity in castor oil. It 1s a very
viscous liquid of much higher specific gravity than oleic o1
linoleiec actd  According to Juillard* the pure acid melts at
4°-5° and 1s miscible with alcohol and ether in all proportions.
Ricinoleic acid 1s dextrorotatory  The position of the asym-
metric catbon atom, as well as of the double bond, 1s shown
by the followinge formula °

C4H,, - CH(OH) . CH, CH.CH - (CH,), - COOH

Ricinoleie resembles oleic acid 1n 1ts chemical reactions It
absorbs two atoms of bromine or iodine. By treatment with
permanganate 1n alkaline solution two hydroxyl 1adicles arc
added. By treatment with mtrous acid, 11c1noleic acid 15 con-
verted into the solid 1somer, 11cinelardiec acid. Lead ricin-
oleate 1s easily soluble 1n ether.

SEPARATION OF FATTY ACIDS

For the analytical separation of saturated from unsaturated
fatty acids, Muter’s method, based on the solubility of the lead
soaps of the latter in ethe1, 1s generally used. In order to
determine the constituents of a mixture of homologous acids

1 Bull Soc Chum , 1895, [3], 13, 238

2J Am Chem Soc , 1899, 21, 817

8 Darmstaedter andd Lifschutz Ber , 1896, 29, 1476

4 Bull Soc Chim , 1895, [3], 13, 240

6 Goldsobel Ber , 1894, 27, 3121 Kasunsky J prakt Chem , 1900, 62,
363
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1t 18 usually necessary to fiaction the mixture repeatedly either
by distillation, precipitation, or crystallization until each frac-
tion contains only two acids. The proportions of the two con-
stituents can then be found by determining the mean molecular
weight of the mixture. This 18 usually done 1n a manner simi-
lar to the determination of the sapomfication number or saponi-
fication equivalent as desciibed in the next chapter.
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CHAPTER VIII
Oils, Fats, and Waxes — General Methods

ALL the glycerides of fatty acids are known as fats. Asa
matter of convenience those fats which are hiquid at ordinairy
temperatures are commonly called fatty oils. Fats and fatty
oils, therefore, consist of a definite group of compounds, the
glyceryl esters of the fatty acids. In any given natuial fat a
number of glycerides may be found, as 1s evident from the
statements regarding souices of the various fatty acids in the
last chapter.

Waxes are esters of fatty acids with monatomic alcohols of
high molecular weight. Most waxes aie solid at ordinary
temperatules and the term 1s sometimes applied to other solids
of similar physical properties, solid hydiocarbons, for example,
being frequently called mineral waxes Among the esters
found in some of the common waxes are: cetyl palmitate 1n
spermaceti, myricyl palmitate mn beeswax, dodecatyl oleate
in sperm oil.

The term “o1l” has no strict chemical sigmificance, being
applied not only to liquid fats, but also to substances, such as
mineral and essential oils, which are similar 1n some physical
properties but entirely different in constitution. The mineral
oils are convemently treated in connection with the fatty
oills 1n works on technical analysis, because on account
of their similar physical properties they may for certain
uses be mixed with, or substituted for, the fatty oils and
are sometimes found as adulterants of the latter. The same
18 true of some of the essential oils, notably rosin oil and
turpentine.

The methods given in this chapter are described and dis-
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cussed with special reference to the analysis of sohd and hqud
fats. In most cases, however, they are also applicable to waxes,
non-fatty oils, and technical mixtures.

CLASSIFICATION

Lewkowitsch classifies chiefly according to capacity for ab-
sorbing 1odine. “Drying” oils show high 1odine absorption,
“non-drying ” oils, low, “semidrying” oils, intermediate

In Allen’s Commercial Organic Analysis the sohid and hiquid
fats and waxes are classified 1n twelve groups essentially as
follows

I. Olive 0ul group — vegetable fatty oils consisting chiefly of
olein, with smaller amounts of palmitin, stearin, and perhaps other
saturated glycerides, and containing also, at least in some cases,
linolemn or similaily unsaturated glycerides in small amount

II. Rape ol group — fatty oils from the seeds of the crucyf-
erce, characterized by containing erucin.

1I1. Cottonseed o0il yroup (semdrying oils) — consisting largely
of olemn and linolemn with small quantities of palmitin and
stearin and traces of linolenin

IV. Linseed oil group (drying oils) —differing in composition
from gioup III 1in containing larger propoitions of linolein and
linolenin

V  Castor oil group —1n some at least of which (eg. castor
and grapeseed oils) 11cinolein predominates.

VI Cacao butter group — vegetable fats consisting mainly
of olewn, stearin, palmitin, and myristin, with perthaps small
amounts of linolein and of the glycerides of saturated acids of
lower molecular weight than myristic.

VII. Coconut oil group — vegetable fats containing less olein
than those of group VI and more of the glycerides of the
saturated fatty acids of low molecular weight, laurin, ete.

VIII. Lard oil group —ammal fatty oils consisting mainly
of olemn with smaller amounts of stearin and palmtin and
probably some linolein (or 1someric glyceride) *

IX. Tallow group —ammal fats consisting 1n most cases chiefly
of olein, stearin, and palmitin with perhaps a little of linolein
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(or an 1somer). Butter differs from the other members of the
group 1n contaiming butyrin, laurin, and myristin with smaller
amounts of capioin, caprylin, and caprin, and very little stearin.

X. Whale (and fish) o0il group — fatty oils of marine animals,
including fish, consisting largely of glycerides of acids 1someric
with linoleic and linolenic.

XI Sperm oil group —hquid waxes.

AIl. Spermacetr group —solid waxes of both amimal and
vegetable origin

PROPERTIES OF FATS AND FATTY OILS

Refined fats and fatty oils are usually light yellow to color-
less Vegetable oils are sometimes tinged green by the pres-
ence of chlorophyll. Crude oils are often reddish or even dairk
brown. The characteristic colors, odors, and flavors of natural
fats are due to small quantities of substances other than
glycerides, and therefore become less perceptible the more
thoroughly the o1l 1s refined. It 1s believed that all of the
natural glycerides except butyrin, if obtained absolutely pure,
would be colorless, tasteless, and odorless.

The natural glycerides are all ighter than water and insoluble
m 1t. They can take up a very small amount of water, which
18 given off as steam on heating. The quantity of water which
can be held by afatty o1l without causing turbidity 1s, however,
negligible, so that for practical purposes the fatty oils may be
considered as immiscible with water.

They dissolve readily 1n ether, carbon bisulphide, chloroform,
carbon tetrachloride, and benzol, and mix with each other 1n all
proportions. With the exception of castor o1l and a few other
oils characterized by a large proportion of hydroxy-acids, they
are sparingly soluble 1n alcohol or acetic acid, but dissolve
readily in petroleum ether and mix in all propoitions with
mineral oils. Castor o1l 1s readily soluble 1n alcohol or acetic
acid and not readily miscible with petroleum ether or mineral oils.

The natural tafs do not distill without decomposition. When
decomposed by heating they give off acrolein, which 1s readily
recognized by its characteristic irritating odor.
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A simple triglyceride 1s one 1n which the three acid radicals
are of the same kind A glyceryl ester containing the radicals
of two or three different fatty acids1s known as a mixed glye-
eridde. Both simple and mixed glycerides have been 1solated
from natural fats, and certamn physical differences in fats which
contain practically the same acids are now attributed to the
presence of mixed glycerides For discussions of simple and
mixed tnglvcendes. see Lewkowitsch’s Oils, Fats, and Waxes,
Chapter I, and recent papers by Hansen,! Holde,2 and Kreis
and Hafner.3

ANALYTICAL METHODS

The object of an ordinary fat or o1l analysis 1s not so much
to separate individual constituents as to determine certain
chemical and physical propeities which are fairly constant for
each vanety when pure, and are theiefore frequently called
analytical constants  All solid and-hquid fats being essentially
mixtures of triglycerides, any differences 1n chemical and
physical properties (except such physical vaiiations as are due
to mixed glycerides) must be attributed mainly to the presence
ot different fatty acids, o1 of the same acids i different
proportions.

The principal differences to be expected are: (1) In the
mean molecular weight of the acids present or the relative pro-
portions of acids of high and those of low molecular weight;
(2) 1n the relative number of “double bonds” depending upon
the proportions of acids of the stearic, oleic, linoleic, and lino-
lenic types, (3) in the proportion of hydroxy-acids present.

Some of the analytical  constants” express direct measures
of one of these three properties Others, especially the physi-
cal constants, are influenced by variation 1n any of these three
directions and therefore express no one chemical property, but
a resultant of all  The *constants” most used may be grouped
on this principle as follows

1Ueber das Vorkommen gemischter Fettesaire-Glyceride n theirischen Fette
Dissertation, Rostock, 1902, Arch Hygiene, 1902, 42, 1

2 Ber , 1902, 35, 4306
8 Ber , 1903, 36, 1128, 2766, Z Nahr Genussm , 1904, 7 641.
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1. (a) Measuring the mean molecular weight. — Saponifica-
tion or Koettstorfer number. () Measuring the proportion ot
acids of high or of low molecular weight. — Hehner number,
Reichert-Meissl number.

2. (a) Measuring the proportion of unsaturated acids (num-
ber of “double bonds”).— Hubl number and other halogen
absorption numbers. (&) Depending mainly upon the propor-
tion of unsaturated acids — Thermal reactions with bromine or
sulphuric acid, Maumené number

8. Measuring the hydroxyl radical and therefore, depend-
ing mainly upon the presence of hydroxy-acids. — Acetyl
number.

4. Influenced by all of the above properties — Specific
gravity, index of refraction, melting point, “titer test,” vis-
cosity, solubilities.

THE SAPONIFICATION™ OR KOETTSTORFER NUMBER!

The saponification or Koettstorfer number 1s the number of
milligrams of potassium hydroxide consumed in the complete
saponification of one giam of the fat or wax, or,1n othe:r words,
1t 18 ten times the percentage of potassium hydroxide required
to neutralize the total fatty acids i the sample, whether free
or m the form of esters.

Reagents. — 1. Standard solution of hydrochloric acid pref-
erably half normal.

2. Alcoholic potash solution contaming 40 grams of potas-
stum hydroxide per hiter of pumfied 95 per cent alcohol. In
the preparation of this solution the best available potassium
hydroxide (purfied by alcohol) should be dissolved 1n alcohol
which has been purified by redistillation over caustic alkal
The solution must be clear when used (filter 1f necessary).

8 As indicator a 1 per cent solution of phenolphthalein 1n
purified 95 per cent alcohol.

Determination. — Weigh 4 to 5 grams of the fat or oil 1n a 250-
ce. Erlenmeyer flask, add 50 cc. of the alcoholic potash solution,

1 Koettstorfer Z anal chem , 1879, 18, 199, 431 Reprinted in Ephraim’s
Orngmalarbeiten uber Analyse der Nahrungsmittel, Leipzig, 1896
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connect with a reflux condenser and boil for thirty minutes, or
until the o1l 1s completely saponified, so that the liquid in the
flask appears homogeneous and clear. At the same time meas-
ure 50 cc. of the alcoholic potash solution into an empty flask
of the same size and shape, connect with a similar reflux con-
denser and boil for the same length of time, and treat in all
respects 1n exactly the same way as 1n the case of the solution
contamming the sample. Cool the flasks and titrate each with
the standard hydrochloric acid, using 1 cc. of the phenolphtha-
lemn solution as indicator. The difference between the titra-
tions gives a measure of the potassium hydroxide consumed 1n
saponifying the sample.

Notes — When ordinary alcohol 1s used for the potassium hy-
dioxide solution, the latter rapidly turns brownish so that the
final titration 1s difficult. Alcohol which has been treated with
potassium hydroxide, allowed to stand for one to two weeks,
and then redistilled gives a much more permanent solution.
According to Gill, scarcely any darkening of the solution occurs
if 1t 15 kept under an atmosphere of hydrogen. Great care
must be exercised to measure exactly the same quantity of the
alkaline solution into each flask, and to treat the blank solution
1 exactly the same way as that containing the sample, so that
any loss of alkalimity due to absorption of carbon dioxide from
the an, o1 to the possible action of the alkali on the solvent,
may be the same 1n each case If sulphuric acid were used
place of hydiochloric for the final titration, a precipitate of
potassium sulphate would be formed in the alcoholic solution,
thus impaning the dehicacy of the end reaction.

In order to avoid the changes which may occur in the alkal
solution on boiling, Henriques! recommends that the sapomfi-
cation be conducted in the cold From 38 to 4 grams of o1l are
mixed with 25 cc. of petroleum ether and 25 cc. of normal aleo-
holic potash and allowed to stand overnight at room tempera-
ture, when the sapomtication 1s said to be complete. A blank
test with the same amounts of petroleum ether and alcohohe
potash should be made alongside.

1Z angew Chem , 1895, 721, 1896, 221, 423
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The Sapormfication Equavalent

The results obtained, as desciibed above, ate sometimes ex
pressed 1n terms of the saponmification equivalent 'This 1s the
weight of fat which reacts with the molecular weight of sodium
or potasstum hydroxide; or, i other words, the number of
grams of fat which would be saponified by one liter of noimal
alkali. Compating this with the definition of the saponification
(or Koettstorfer) number, 1t will be seen that these two values
express the same piroperty in reciprocal terms and that the
product of the two values 1s always equal to the number of
milligrams of potassium hydioxide in a liter of noimal solution,
viz. 56,108.

Hence
Saponification equivalent = 56108
saponification number
56108

Saponification number =
saponification equivalent

For a sample consisting entirely of t:izivevr Ao~ the saponi-
fication equivalent would be exactly one third of the mean
molecular weight of these glycerides, and the mean molecula:
weight of the fatty acids would be (C4H, — 3) or 12 67 umts
lower than the saponification equivalent

TABLF 13 — SaproniricarioN DATA oF SoME Purr EsSrers
(Data are given to nearest 01 only)

o ; o
Butyrin . 5377 i 1007
Laurin . 263 8 ‘ 2129
Palmitin 208 8 268 9
Stearin 1891 : 297 0
Olemn . . . 190 4 : 294 9
Erucin 1600 . 3510
Linolemn . 1917 . 2929
Linolenm . . . 1930 ; 2909
Ricinolein u . . 180 6 i 3109
Dodecatyl oleate ! i 1245 ¥ 4505

1 Constituent of sperm o1l
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The natural fats, being mixtures of glycerides, rarely show
such distinct differences i their sapomfication numbers and
equivalents as the above data mght suggest. The sapomfi-
cation number 1s, however, a useful aid in detection of glycer-
wdes of acids below C; or above Cp, of unsaponifiable oils,
o1 of waxes

Acip AND EsTER NUMBERS

The acid number of a fat or wax 1s the number of millicrams
of potasstum hydioxide 1equured to neutialize the free fatty
acids 1 one gram of substance  The ester number 1s the dif-
ference between the saponification number and the acid number
and therefore shows the amount of alkali consumed 1n the
sapontfication of esters

To determine the acid numbei, shake 4 to 5 grams of the
sample with 50 cc of carefully neutialized warm alcohol and
titrate with tenth-noirmal or halt-normal alkali, using phenol-
phthalemn as idicator  As the ol 1itself mixes but shghtly
with alcohol, 1t 15 necessary toward the end of the titration to
shake thoroughly after each addition of alkali to secure com-
plete extraction of the fatty acid fiom the oily layer. The
alcohol should be neutialized immediately betore using.

Note — The acidity of a sample of o1l or fat 18 not always
expiessed as the “acid number ”  Fiequently 1t 18 recorded 1n
terms of the equivalent percentage of fice oleic acid, “acidity
as oleie,” and sometimes as “degices of acidity,” which indi-
cates the number of cubic centimeters of normal caustic alkals
required to neutralize the free acids i 100 grams of the fat.
This latter form of expressing acidity 1s not common and should
not be encouraged  The expressing of acidity sometimes as
acid number and sometimes as percentage of oleic acid 18 not
seriously iconvement 1if 1t be kept in mind that n any given
case the acid number 15 almost exactly twice the percentage of
free acid calculated as oleic.

For titrating datk fats the use of Alkali Blue 6B as indicator
mn place of phenolphthalein has been recommended About
2 ce. of a 2 per cent alcoholic solution are used.
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THE HEBNER NUMBER

The Hehner number 1s the percentage of insoluble fatty acids
obtainable from a fat.

As the determination 1s ordinarily made, the unsaponifiable
matter present 1n the fat 1s weighed with the insoluble acids
The great majority of fats and fatty oils have Hehner numbers
between 94.5 and 96. Butter fat has a lower Hehner number
and the determination of this ¢ constant” 1s of value chiefly in
testing the purity of butter. The detailed description of the
process will therefore be given 1n the section on butter analysis.

THE REICHERT-MEISSL. NUMBER

The Reichert-Meissl number 1s the number of cubic centi-
meters of tenth-normal caustic alkali 1equned to neutialize the
soluble volatile acids obtained from 5 grams of a fat by the
Reichert distillation process.

This number se1ves as a comparative measure of the acids of
low molecular weight. Its principal use 1s 1n the examination
of butter fat and the detailed description will be given in that
connection. The Reichert number 1s about one half the Reich-
ert-Meissl number, Reichert having orniginally recommended
the use of 2.5 grams of fat Among the common oils and fats
the Reichert-Meissl numbers are usually less than 1.0. Butter
fat has a high Reichert-Meissl number and as this determination
is used principally 1n the examination of butter, 1t will be de-
scribed 1n the section on butter analysis

THE IopINE OrR HuBL NUMBER

The 10dine or Hibl number 1s the percentage of 1odine (or
of 10dine chloride or bromide expressed 1n terms of 10dine) ab-
sorbed by the sample.

This number gives a quantitative measure of the unsaturated
fatty acids (or of the “number of double bonds”) in a fat or
wax.

Mills, Snodgrass, and Akitt were probably the first to make
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systematic use of the halogen absorbing power in fat analysis.
In their experiments?! the oil or fat to be tested was dissolved
in carbon tetrachloride and titrated with a standard solution of
bromine 1n carbon tetrachloride as long as the bromine was ab-
sorbed. At about the same time, Hubl published? a method
based upon the use of 10dine 1n an alcoholic solution of mercu-
ric chloride which was so carefully worked out 1n all of 1ts de-
tails that the original form of the process 1s still used 1n many
laboratories 1n preference to any of the modifications which
have been proposed Recently, however, the W1js3 and the
Hanus* modifications have been laigely used, and 1t 1s probable
that they will gradually replace the Hubl process These three
methods will be given heie. The bromine absorption method
as developed by McIlhiney ® can be used 1n place of the 1odine
methods, but 1s more especially adapted to the examination of
linseed o1l for rosin o1l or rosin, and will be referred to in that
connection.,

Method of Hubl

Reagents — 1. Todine solution. Dissolve 26 grams of pure
10dine 1n 500 cc. of 95 per cent alcohol  Dissolve 30 grams of
mercuric chloride 1 500 ce. of alcohol of the same strength.
Mix the two solutions at least 12 hours before using As this
solution 1s expensive and does not keep well, no more than
three days’ supply should be made at one time.

2. Standard solution of sodium thiosulphate. Dissolve 24
grams of the crystallized salt in a liter of water, allow to stand
at least 24 hours, and then determine the strength of the solu-
tion 1n terms of 10dine. While any of the well-known methods
may be used, 1t 1s convenient to standardize the thiosulphate
solution as follows :

Weigh 8 8694 grams of pure dry potassium dichromate, dis-
solve in water and dilute to 1000 cc. In a wellfilled tightly
stoppered bottle, this standard solution of dichromate can be

1J Soc Chem Ind , 1883, 2, 435, 1884, 3, 366 .
2 Dingl polyt J, 1884, 253, 281 Reprnted by Ephraim, loc cit
8 Ber , 1898, 31, 760 4 Z Nahr -Genussm , 1901, 4, 918

6.J Am Chem Soc, 1884, 16, 245; 1899, 21, 1084, 1002, 24, 1109.
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kept indefinitely without deterioration. Each cubic centimeter
of thissolution 18 equivalent to 0.01 gram1odine  Mix 25 ce. of
a 15 per cent potassium 1odide solution with 5 ce. of hydro-
chloric acid, add 50 ce. of the dichromate solution, and titrate the
liberated 10dine by means of the thiosulphate solution, observing
procedure and precautions desciibed below  Calculate the
amount of 10dine consumed by each cubic centimeter of the thio-
sulphate solution. As a precaution the strength of either the di-
chromate or the thiosulphate solution should also be determined
by an independent method.
3. An approximately 15 per cent solution of pure potassium
10dide 1n cold, 1ecently boiled, distilled water
4. Fieshly prepared staich solution, 1 part staich to 200
parts of water, for use as indicator
5. Pure chloroform.
6. Cold, recently boiled, distilled water.
Determination. — Thoroughly clean and dry two or more thin
Eclenmeyer flasks, of the form made for this purpose, having
accurately ground glass stoppers and flaring
mouths which foim a gutter between the
stopper and the lip, as shown i Fig 10
Into one of these flasks weigh accurately about
0.25 gram of the sample, and add 10 cc. of
chloroform. When the sample has completely
dissolved, add 50 ce. of the mixed 10dine solu-
tion, stopper carefully, fill the gutter around
the stopper with potassium 1odide solution to
guard against loss of 10dine, shake gently, and
allow the flask to stand in a cool datk closet
/ for three houirs. In another clean diy flask of
W6 10 —Flask for the same size and form make a blank deter-
determination  of
iodine number mination, ussng the same amounts of chloro-
form, 10dine solution, and potassitum 1odide.
Allow the two flasks to stand side by side for the same length
of time. Whefi the absorption 1s complete, Iitt the stopper in
such a way that its lower surface will be washed by the 10dide
solution from the gutter; add 100 cc. of cold, recently boiled,
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distilled water and 20 cc. more of the potassium iodide solution,
washing down the sides of the flask with the latter. In case a
red precipitate of mercuric 10odide appears, add more potassium
10dide until the precipitate 18 dissolved. Titrate the excess of
10dine at once by means of the standard thiosulphate solution.
The latter may be 1un in rapidly until the 10dine 1s nearly con-
sumed and the solution 18 only hight yellow, then add 2 cc. of
the starch solution and fimsh the titration carefully but with-
out delay. As the end pownt 1s approached, stopper the flask
quickly after each addition of thiosulphate and shake vigorously
to insure thorough and rapid mixing of the contents. The end
point should be sharper than 1n standairdizing since 1n this case
there 1s no green color due to chromium and the solution passes
at once from blue to neaily colorless. The difference between
the volume of thiosulphate solution required for the blank test
and that required for the solution containing the sample gives
a measure of the 1odine absorbed by the latter Calculate the
10dine absoibed 1n terms of peircentage of the original weight of
sample

Notes. — Most of the difficulties which are met 1n using this
method are due to impure reagents or failure to observe care-
fully the conditions worked out by Hubl. Probably the most
mmportant sources of eiror are (1) The use of impure chloro-
form or water containing dissolved air causing a lhiberation of
10dine from the potassium 10dide, or the 1odine addition product
of the oil, (2) loss of 10dine from the use of vessel with 1m-
perfectly fitting stopper or from titrating at too high tempera-
ture or with too much exposure to air, (3) deterioration of the
1odine solutions due chiefly to impurities in the alcohol or
too high temperature; (4) insufficient excess of 1odine over
that absorbed; (6) variations in the length of time allowed for
the 1eaction.

The small amount of o1l needed for this determination can con-
veniently be drawn from near the center of the sample bottle
by means of clean glass tubing of about 2 mm. enternal diameter.
Use a piece of thin tubing like a pipette, wiping it free from o1l
on the outside and allowing 1t to deliver drop by drop into the
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weighed flask which should then be stoppered and reweighed at
once. If more than one sample of o1l 1s to be tested, delays can
be avoided by having a number of pieces of the tubing cleaned
and dried 1n advance so that each can be rejected after using 1t
for one sample.

The best results are obtained by using such proportions of o1l
and of 1odine solution as to have present from two to three
times the amount of 10dine which will be absorbed. The form
of vessel to be used for the test 1s, of course, immaterial so long
as loss of 10dine 1s avoided. Some prefer to weigh the sample
on a small watch glass and place the latter with the sample 1n
a wide-mouth glass stoppered bottle. A blank test must be
made with each determination, or 1if several samples are treated
at once, there should be at least two or three blanks.

For discussion of the theory of the action of Hubl’s solution
see Lewkowitsch’s Ouls, Fats, and Waxes, or Gill’s O1l Analysis

Method of Wys

Wiys found that a solution of 10dine monochloride 1n glacial
acetic acid acts 1n the same manner as Hubl’s solution, but
more quickly. Moreover, the reagent 1s much more stable
than that of Hubl, so that the same solution can be used for
several months and blank tests are not so frequently required.

Reagents —1. Glacial acetic acid. This must contain not
over 0.5 per cent of water and no impurity capable of reducing
potassium dichromate. Test by adding a small amount of a
solution of dichromate in sulphuric acid and warming on a
water bath; no green tinge should appear.

2. Iodine chloride solution. Dissolve 12.5 to 13 grams of
1odine 1n a liter of the glacial acetic acid, warming gently to
aid solution, 1f necessary. Cool, withdraw 25 cc., add potas-
sium 10dide solution, and determine the 10dine content by titra-
tion with standard thiosulphate; into the remainder of the
solution pass a current of chlorine until the deep 1odine color
changes to an orange yellow, showing that the conversion of
1odine to 10dine monochloride 1s complete. A portion of the
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solution titiated with thiosulphate should now show twice the
onginal halogen content. In case an excess of chlorine 18
found, a weighed amount of 10dine equivalent to this excess
should be dissolved 1n the solution.

3. Standard solution of sodium thiosulphate, as 1 the
method of Hubl.

4 Pure chloroform, potassium 1odide, starch solution, and
distilled water, as described under Hubl’s method.

Determination. — The determination 1s carried out 1n exactly
the manner described for the Hubl method except that 10 cc.
of the potassium 1odide solution are sufficient and a much
shorter time 1s required for the reaction. With non-drying
oils the addition of 10dine chloride 1s usually complete in 15
minutes. Ordinarily the solution should be titrated after
standing one half hour.

Notes. — As the solution of 1odine chloride 1n acetic acid 1s
more viscous and has a higher coefficient of expansion than
ordinary aqueous solutions, the portions added must be meas-
ured as carefully as possible, allowing a uniform time for the
burette to drain, and observing that the temperature does not
vary more than three o1 four degrees. With these precautions
1t 18 not always necessary to make a blank test with each
determination after a sufficient number of such tests have been
made to show that the solution 1s not changing appreciably in
strength.

Method of Hanus

Hanus suggested that W1js’ method be modified by the use
of 10dine bromide 1n place of 10dine chloride. As an excess of
1odine does no harm, the preparation of the reagent 1s simpler
than n the preceding method.

The details of this method as adopted by the Association of
Official Agricultural Chemists 1n 1905 are essentially as fol-
lows.

Reagents. — 1. Todine solution. — () Dissolve 18.2 grams
10dine 1 1000 ce. glacial acetic (99.5 per cent) acid (showing
no reduction with bichromate and sulphuric acid), add enough
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bromine to double the halogen content determined by titra-
tion; 8 cc of bromine 1s about the proper amount. The
1odine may be dissolved by the aid of heat, but the solution
should be cold when bromine 1s added.

2 Decinormal sodium thiosulphate solution — Dissolve
24 8 grams of chemically pure sodium thiosulphate, freshly
pulverized as finely as possible, and di1ed between filter o1 blot-
ting paper and dilute with water to 1 liter at the temperature
at which the titrations ate to be made  [Tluas solution 1s to be
standardized when used as described below ]

3. Starch paste. — One gram of staich 1s boiled in 200 cc
of distilled water for 10 minutes and cooled to 100m tempera-
ture.

4. Solution of potassium 10dide — One hundied and fifty
grams of potassium 1odide are dissolved in water and made up
to 1 liter.

5 Decinormal potassium dichromate — Dissolve 4 9066
grams of chemically pure potassium dichiomate 1n distilled
water, and make the volume up to 1 liter at the temperature
at which the titrations are to be made. The dichromate solu-
tion should be checked against puie iron

Determination — (1) Standardizing the sodium thiosulphate
solution. — Place 20 cc. of the potassium dichromate solution,
to which has been added 10 cc. of the solution of potassium
1odide, 1n a glass-stoppered flask  Add to this 5 cc. of strong
hydrochloric acid  Allow the solution of sodium thiosulphate
to flow slowly into the flask until the yellow color of the hiquid
has almost disappeared  Add a few diops of the starch paste,
and with constant shaking continue to add the sodium thiosul-
phate solution until the blue color just disappears.

(2) Weighing the sample — Weigh about one half gram of
fat, 0.25 gram of salad o1l, or 0 10-0 20 gram of drying oil on
a small watch crystal and introduce the watch erystal into a wide-
mouth 16-ounce bottle with ground-glass stopper [or weigh the
portion 1n a glass~stoppered Erlenmeyer flask as described under
the Hubl method above]

(3) Absorption of 10dine —The fat or o1l in the bottle 1s
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dissolved 1n 10 cc. of chloroform  After complete solution has
taken place, 25 cc. of the 10dine solution are added. Allow to
stand, with occasional shaking, for thirty minutes The excess
of 10dine should be at least 60 per cent of the amount added.

(4) Titration of the unabsorbed 10dine — Add 10 cc. of the
potassium 10dide solution and shake thoroughly, then add 100
cc. of distilled water to the contents of the bottle. Titrate the
excess of 10dine with the sodium thiosulphate solution, which 1s
added gradually, with constant shaking, until the yellow color
of the solution has almost disappeared. Add a few drops of
starch paste, and continue the titration until the blue color has
entirely disappeared  Toward the end of the reaction stopper
the bottle and shake violently, so that any 10dine remaining in
solution 1n the chloroform may be taken up by the potassium
10d1de solutron.

(5) Setting the value of 10dine solution by blank determina-
tions. — At the time of adding the 1odine solution to the fat run
the same amount into each of two bottles of the same size as
those used for the determination and carry these ¢ blanks”
through exactly the same mampulation as 1n the determination
upon the fat  These blank experiments must be made each time
the 10dine solution 1s used.

Notes — Great care must be taken that the temperature of the
solution does not change during the time of the operation, as
acetic acid has a very high coefficient of expansion, and a shght
change of temperature makes an appreciable difference 1n the
stiength of the solution =~ Where any great number of determina-
tions are to be made, blanks should be measured out at short
mntervals. This precaution applies as well to the use of the Hubl
solution, as the coefficient of the expansion of alcohol 1s large.

When the potassium 1odide 1s added, the solution should be
thoroughly mixed before the addition of water.

The acetic acid must be full strength and pure in order to
obtain a solution which will keep well.

This method has several advantages over that of Hubl, the
most important being that the reagent keeps better and acts more
rapidly so that there 1s less danger of discrepancies from sec-
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ondary reactions. In general the apparatus and manipulations
described under the Hubl method apply also here and should be
carefully noted. In thiscase the flasks may be sealed by pouring
a little glacial acetic acid into the gutter instead of the potassium
10dide described under the Hubl method, or since the time of
standing 1s here only 30 minutes an exceptionally well-ground
stopper may not require any liquid seal to prevent the escape of
10dine.

Comparison of the Hubl, Wiys, and Hanus Methods

Wiys based his modification on the belief that 10dine chloride
1s the active substance 1n Hubl’s solution and that the more
stable solution of 1odine chloride 1n acetic acid should give the
same theoretical results with greater certainty That higher
results were often obtained by his method Wijs attiibuted to
the deterioration or incomplete action of the Hubl solution as
ordinanly prepared Lewkowitsch! confiims this, stating that,
when the Hubl method 1s carried out under the best conditions,
the results of the two methods agree.

Tolman and Munson,? however, in an extended comparison
of the three methods almost invariably obtained higher results
by the Wis than by the Hubl method. Hanus’ method gave
intermediate results, usually agicemyg quite closely with the
Hubl numbers ~ Similar results on a smaller number of samples
had previously been published by Hunt? and have since been
obtained by W. G. Tice ¢ For oils having 10dine numbers be-
low 100, the three methods can be used mnterchangeably, as the
differences 1n results will rarely exceed 1.5 units, which 1s only
about one tenth of the varation which occurs among pure oils
of the same species. In 1jpivine the Wigs solution to oils hav-
ing much higher 10dine numbers 1t 1s to be remembered that
results as much as 10 units in excess of these given by Hubl’s
solution will sometimes be obtained.

The method of Hubl 1s “ official ” in the United States, but

1 Analyst, 1899, 24, 259 2 J. Amer Chem Soc , 1903, 25, 244

8J Soc Chem Ind ,1902, 21, 454
* In the Havemeyer Laboratory, Columbia University



OILS, FATS, AND WAXES 157

that of Hanus has been adopted by the Association of Official
Agricultural Chemists as an optional method for the examina-
tion of edible oils and fats. The method of W1js 1s more com-
monly used in England and 1s recommended 1n preference to the
Hanus method by Lewkowitsch ! and Archbutt,? the latter point-
ing out especially that the W1js solution gives approximately the
theoretical 10dine number for turpentine (which is often mixed
with drying oils) while that of Hanus gives much lower results.

In comparing analytical results with the numbers found in
“tables of constants” 1t should be remembered that the latter
are based 1n part upon results obtained (not always under the
best conditions) by Hubl’s method, and in part upon later re-
sults determined according to Wijs. Such tables tend to show
a greater 1ange than would be found by the use of either method
alone, this being especially true of the oils having high 10dine
numbers.

MAUMENE NUMBER — SPECIFIC TEMPERATURE REACTION

Long before the intioduction of any of the halogen absorp-
tion methods, Maumené 3 tested olive o1l for adulterants such as
poppyseed o1l by mixing fixed volumes of o1l with strong sul-
phuric acid and observing the rise in temperature which 1s much
greater with seed oils than with olive  The rise in temperature,
expressed 1n degrees C., which occurs on mixing 10 ce. of stiong
sulphuric acid with 50 grams of oil 18 commonly known as the
Maumené number. Thomson and Ballantyne * pointed out the
discrepancies which may be introduced through variationsin the
strength of the acid used, and showed that they can be largely
avoided by comparing the rise observed mn the case of an oil
with that shown by water under the same conditions, the latter
being taken as 100  The result thus obtained 1s known as the
specific temperature reaction or specific Maumené number.
Thus 1f 50 grams of water mixed with 10 cc. of sulphuric acid
showed a rse of 40° and 50 grams of an o1l under the same con-

1 O1ls, Fats, and Waxes (4th Ed ), 1., 323

2J Soc Chem Ind., 1904, 23, 306 3 Compt rend , 1852, 35, 572.
4 J Soc Chem Ind, 1891, 10, 234
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ditions a rise of 36° the specific Maumené number of the oil
would be 90.

With fresh fatty oils the rise of temperature depends mainly
upon the presence of glycerides of the unsaturated acids, and
the Maumené and Hubl numbers are therefore roughly propor-
tional. This relation, however, 1s not sufficient to permit of
the determination of the Maumené 1n place of the 10dine num-
ber except for rough woik or as a preliminary test. The
greatest value of this temperature reaction hes in the fact that
as oils become altered by abserption of oxygen fiom the ai,
the Maumené numbeis increase while the 1odine numbers de-
crease The significance of this relation 1s more fully ex-
plammed 1n Chapter X.

Apparatus and Reagents. — A deep beaker of 150 to 200 ce
capacity should be used tor this test and should be so jacketed
as to prevent a rapid loss of heat. This 1s done by placing 1t
i a larger beaker or a metal cup and filling the space with
asbestos or other dry porous mateial. If a new nest of
beakers 1s at hand, the test can be made 1n one of the smaller
beakers using the remainder of the nest with the packing
mtact as a jacket The insulation should be sufficient to pre-
vent the outer vessel from becoming perceptibly waim when
a test 138 made. The only 1eagent required 1s strong sulphuric
acid which can be added either fiom a burette or (more satis-
factorily) from a 10-cc. pipette. For observing the rise in
temperature use a thermometer graduated 1n degrees on which
the readings can be taken with accuracy to 0.2 degree.

Determination. — The oils to be tested, the acid and appa-
ratus to be used, and the distilled water which 1s to serve for
comparison must all have the same initial temperature, which
should be between 20° and 24°. This will usually be the case
if they have stood side by side at room temperature for several
hours. Measure 50 cc. of water into the beaker, introduce the
thermometer, and note the temperature; add 10 cc. of the acid,
stirring thorougnly with the thermometer so that the solution
18 kept well mixed and the temperature rises steadily. At
tervals of a few seconds bring the bulb of the thermometer
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to the center of the solution and observe the temperature.
Record the highest 1eading found. When the mixture in the
beaker has reached 1ts maximum temperature, 1t should be re-
jected at once to avoid unnecessary warming of the apparatus,
since the initial temperature must be 1estored before beginning
another test. After the rise with water has been found by
duplicate determinations which do not differ by more than
0.4°, dry the beaker thoroughly, weigh into 1t 50 grams of o1l
(within 005 gram), and treat with 10 cc of acid n exactly
the same manner. The mixture often becomes very viscous,
requiing ' . . - stirring to nsure a uniform temperature.
In reporting results give the actual rise observed with oil and
with water as well as the specific temperature reaction.

Notes — By the use of a pipette having a fine outlet requir-
mg 30 to 60 seconds for the 10 cec. ot acid to flow 1nto the
beakel, more thorough mixing becomes possible and better 1e-
sults are secured. In order to avoid trouble mn (leaning the
beaker 1t should be emptied and wiped with dry cotton waste
o1 porous papet while still warm  The acid used must be p1o-
tected from unnecessaly exposure to air, as 1t readily absorbs
moisture to an extent suthcient to cause an appreciably lower
temperatuie 1eaction In testing edible and lubricating oils
the strongest available sulphuric acid should be used. In the
case of drying oils and fish or other marine amimal oils, the ad-
dition of such strong acid to the undiluted o1l causes violent
frothing and decomposition. This may be avoided ! by the use
of sulphuric acid of such strength as to give a 11se of 35° when
added to water under the conditions to be used in testing the
oll.  An mmportant modification of this test has been proposed
by Mitchell 2

In miztures, especially of fatty with mineral oils, this temper-
ature reaction 1s not to be relied upon as an additive property.
Sherman, Danziger, and Kohnstamm? found that mixtures of

1Sherman, Danziger, and Kohnstamm . Am Chem Sgc, 1902, 24, 266

2 Analyst, 1001, 26, 169  See also Sherman and Falk J Am Chem Soc,
1903, 25, 713

3J Am Chem Soc , 2%, 269
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various fatty oils with mineral o1l gave results much higher
than would correspond to the known constituents of the mix-
ture. Similar results were afterward published by Suzzi,! and
later Richter? experimented with mixtures of fatty oils and
reported that the addition 'of 5 to 10 per cent of sunflower,
rape, or peanut o1l depressed the specific temperatuie reaction of
olive oil, and other mixtures of olive and rape or olive and pea-
nut oils gave results constantly lower than the calculated
values, while with mixtures of olive and sunflower oils contain-
ing 20 per cent or more of the latter the results found were
sometimes above and sometimes below the calculated values,
the differences being neveir greater than 5 units.

The question was then reinvestigated by Boynton and Sher-
man,3using an acid which gave with water a rise of 44° C. and car-
rying out the tests as described above. In a series of tests upon
40 samples (7 individual oils and 33 mixtures) 1t was found
that the specific temperatuie reactions of mxtures of fatty oils
did not as a rule daffer greatly from the values calculated on the
assumption that this 1s an additive property. Where dufferences
were found, the observed temperature reaction of the mixture
of two fatty oils was always lower than the calculated value.
On the other hand, 1n mixtuies of fatty and mineral oils the
values found were invariably higher than those calculated, the
difference between the theoretical and the observed values
apparently depending more upon the proportion of mineral oil
than upon the nature of the fatty oil present.

More recently, Kessler and Mathiason have also reported
that the Maumené test is not an additive property.

THE AcETYL NUMBER

The acetyl number is the number of milligrams of potassium
hydroxide required to neutralize the acetic acid obtained by
saponification of one gram of the acetylated fat or wax.

1Boll chim farm , 44, 801; Chem Zentrbl , 1905, II, 80
2Z angew Chem , 1907, 1605
8 School of Mines Quarterly, 31, 64 ¢J Ind Eng Chem , 3, 66.
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It indicates the proportion of hydroxyl groupsin the original
substance. If the latter consists essentially of triglycerides,
the acetyl number serves as a measure of the hydroxy-acids
present. Free alcohols, 1f present, increase the acetyl numbers.
Lewkowitsch finds that free fatty acids of the stearic series
may also react 1n such a way as to increase the apparent acetyl
numbers, and therefore prefers to acetylate the original fat or
wax rather than to work with the mixed fatty acids as was
previously recommended by Benedikt and Ulzer.}

The method of Lewkowitsch 1s essentially as follows:2

Boil 10 grams of the substance with twice 1ts weight of acetic
anhydride 1in a round-bottomed flask under a 1eflux condenser
for two houis, pour the resulting mixture into a large beaker
containing 500 cc. of hot water and boil for half an hour, passing
a slow current of carbon dioxide through the solution to pre-
vent bumping  Allow the mixture to sepalate into two layers,
siphon off the water, and boil the oily layer with three successive
portions of fresh water, the last of which should not react acid
to litmus paper

All fiee acetic acid having been removed, the acetylated fat
1s carefully separated from water and further dried by filtering
through anhydrous paper in a drying oven

Weigh 2 to 5 grams of the acetylated fat and saponmify with
a measured volume of standard alcoholic potash as in the deter-
mination of the saponification number, evaporate nearly to
dryness to expel the alcohol, dissolve the soap in water, and add
an amount of standard sulphuric acid exactly equivalent to the
alkali used for saponification. Warm gently until the fatty
acids separate as a layer at the top. Filter through wet paper,
wash the fatty acids with boiling water until the filtrate 18 no
longer acid, and titrate the filtrate and washings with tenth-
noi1mal alkali, using phenolphthalein as indicator. Deduct the
amount of alkali required to neutralize any soluble fatty acids
in the original substance and calculate the acetic acid found, in
terms of acetyl number, as defined above. ‘

Instead of filtering and washing with water, the acetic acad

1 Monatsh Chem , 1887, 8, 40 2J Soc Chem Ind, 1897, 16, 6503
M
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can be separated fiom the fatty acids by distilling with steam,
but this requires considerably more time than the filtration
process.

In the examination of waxes the acetyl numbers show the
proportional amounts of fiee alcohols. Fats and fatty oils con-
tain free alcohols (cholesterol, phytosteiol, etc ), but in very
small amounts only, so that the acetyl numbeis a1e low except
in oi1ls which contamn hydroxy-acids (Chapter VII). The
acetyl number of castor oil 1s about 150  Other oils rarely
show acetyl numbers higher than 10 o1 15, unless they have
been exposed to atmospheric oxidation, in which case hydroxy-
acids may have been formed fiom the unsaturated acids orig-
mally piesent.

SrEcIFic GRAVITY

The specific gravities of the glycerides depend upon the fatty
acids which they contain  Compaiing acids of the same homol-
ogous serles the specific gravity was found to decrease with -
creasing molecular weight, while between corresponding acids
of different series 1t increases with the number of double bonds
and of hydroxyl groups.

Fresh specimens of the same kind vary but little in specific
gravity, and the determination of this property 1s often useful
m differentiating oils, fats, and waxes, and 1n testing them for
adulterations. The determination can be made either by means
of a very delicate special hydrometer, by the Westphal balance
(Fig. 11), or by one ot the methods described in Chapter 1.
On account of the high coefficient of expansion of oils 1t 18 1m-
portant that the temperature at which the specific gravity 1s
taken be accurately known. Thisis conveniently accomplished
by means of a hydrometer having a thermometer scale in the
stem, or by using the thermometer sinker with the Westphal
balance.

Directions for the use of the Westphal balance are usually
supplied with the instrument. It should always be placed
upon a firm level table and very carefully adjusted before using.
In setting up the instrument be sure that the leveling screw 1s
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directly beneath the arm which supports the beam. Place the
latter 1n position and hang the sinker. Compare the height of
the beam with that of the cylinder which 1s to contain the oil,
and lengthen or shorten the standard 1f necessaxy, then carefully
adjust the balance by means of the leveling screw until the
pomnt projecting from the end of the beam stands exactly op-
posite the fixed point at the left. Nearly fill the cylinder with
the o1l at about 14°.  Laft the sinker, place the cylinder under

Fic 11 —The Westphal balance

the end of the beam, and replace the sinker so that it hangs
freely 1n the o1l.  The speeitic gravity 1s now found by placing
weights on the beam until the balance 1s 1estored. Make the
final adjustment of the smallest weight when the thermometer
in the smker shows the desned temperature —for oils, 15 5°.
The specific gravity 1s 1ead directly from the position of the
weights on the beam  If the laigest weight 1s at 9, the second
at 8, the third at 1, and the fourth at 4, the specific gravity of
the o1l 15 0.9314. The 1eadings should be made to four decimal
places (Z.e. all four sizes of weights should be used) and the
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error of determination should not exceed 0.0005. By using
the same sinker on the analytical balance or by weighing the
oil 1n a pyknometer, more accurate results can be obtained.
The Westphal balance, 1s, however, sufficiently delicate for
1outine work 1if carefully used Care must be taken that the
sinker 18 always suspended at the same depth in the hiqud
under examination The graduation of the beam should be
tested to see that the spaces are all of equal length, and the re-
sults should occasionally be verified by comparative determina-
tions with the pykometer. In working with very viscous oils
1t 1s advantageous to use a sinker of high specific gravity !

If a delicate form of Westphal balance 1s not at hand or 1if
more accurate results are desired, the pyknometer will be found
well suited to this work.

For calculating data obtained at higher temperatures to the
standard temperature of 15 5° C., Wright? gives the following
factors. 16°1 00035, 17°, 1.00106, 18° 1 00177, 19,1 00243,
20°, 1 00319, 21°, 1 00391; 22°, 1 00462; 23° 1 00534, 24°,
1.00605; 25° 1.00677. Since the different oils vary somewhat
1n coefficient of expansion 1t 1s better to work at the standard
temperature than to depend upon factors for correcting 1esults

For the determination of specific gravity at temperatures con-
siderably above that of the laboratoiry 1t 1s convenient to use an
Ostwald pyknometer. This s filled with the sample, suspended
1n water at the required temperature, and adjusted, then 1emoved,
dried on the outside, cooled to room temperature, and weighed.
For a detailed description of the standardization of pyknometers
at high temperatures consult any standard work on physico-
chemical measurements or Bulletin 107, Buieau of Chemistry,
U 8. Department of Agiiculture

INDEX oF REFRrRACTION

The 1ndex of refraction, like the specific gravity, increases
with the proportion of unsaturated, or of hydroxy, acids. Un-
1McGill  Analyst, 1896, 21, 166

2J Soc Chem Ind, 1907, 26, 513 Allen’s Commercial O1ganic Analysis,
Fourth Edition, Vol 1I, p 51
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like the specific gravity, the index of refraction incieases with
the molecular weight in the homologous series of saturated acids,
so that the presence of the fatty acids of low molecular weight
1 butter causes this fat to have a lower index of refraction than
other ammal fats, while 1ts specific gravity 1s higher In al-
most all of the fatty oils the index of refraction varies with the
specific gravity, so that in routine work 1t 1s not necessary to
make both determinations, but either may be used to confirm the
inferences drawn from the other determinations !

The index of refraction has usually been determined by means
of the Abbe or the Pulfiich 1efiactometer or the ¢ butyro-re-
fractometer” of Zeiss
The latter has an arbi-
trary scale of known
value whose readings
may be converted 1nto
actual index of refrac-
tion by the use of the
table on page 166

The construction of
the butyio-refractometer
18 shown mm Fug 12. To
take the index of 1efrac-
tion of an oil, tilt the 1n-
strument until the glass
plate on the mmner sui-
face of B 1s horizontal,
place a few drops of the
o1l upon 1t, then close 1t
against 4 and clamp 1m
position by tuimng F
The space between 4 and B 1s now filled with oil, and by
looking through the telescope and tilting the mirror J until
the scale 1s well 1lluminated, one obtains a measure of the index
of refraction of the o1l from the position of *the shadow upon

k. b

Fi1c 12 —The Zeiss butyro-refractometer

1 For a very full discussion of the relation of index of 1efraction to specific
gravity 1 oils and fats sec Proctor J Soc Chem Ind , 1898, 17, 1021



166

the scale.

METHODS OF ORGANIC ANALYSIS

Detailed directions for the care and adjustment of

the instrument are furmished by the manufacturers and may

also be found 1n Leach’s Food Inspection and Analysis.

TaBLE 14 — INDEX OF REFRACTION CORRESPONDING TO SCALE READING
OF BUTYRO-REFRACTOMETER

Scale Index of Scale Index of Scale Index of
reading | refraction 1eading | refraction reading refraction
0 14220 26 14423 51 1 4600
1 14228 27 1 1430 52 14607
2 14236 28 14438 53 14613
3 14214 29 14445 bl 14620
4 14252 30 14452 iD) 14626
5 14260 31 1 4460 56 11633
6 14268 32 14107 a7 1 4640
7 14276 33 144714 78 14646
8 14284 34 1 t1561 o9 14633
9 14292 35 14168 60 14659
10 14300 36 14495 61 1 1666
11 14308 37 14502 62 14672
12 14316 38 14510 63 14679
13 14324 39 14517 04 1 1685
14 14331 40 14524 63 14691
15 14339 41 14531 66 14698
16 14347 42 14538 67 14704
17 14351 43 1 1545 68 14710
18 14362 44 14552 69 14717
19 14370 15 1 1359 70 14723
20 14377 46 1 4560 71 14729
21 14385 47 14573 72 14736
22 14392 48 1 1550 73 14742
23 1 #4400 49 14557 74 14748
24 14408 20 14593 75 14754
25 14415

Scle
rcading

76
77
78
79
80
81
82
33
34
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Index of
refraction

14760
14766
14772
14778
14783
14789
14795
1 4301
1 4807
1 1812
1 1818
116524
14829
14835
14840
14846
11851
14857
14862
1 1868
14873
14879
14884
14890
14895

Since the butyro-1efractometer 1s constructed to cover only
such a range 1n the index of refraction as 1s likely to be met
1n work with fats and oils, 1t 18 possible to make more delicate
readings with this instrument than with the Abbe refrac-
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tometer. It 1s preferable, howevei, to express all results 1n
terms of the index of 1efraction, especially as some substances
frequently mixed with oils and fats aie too highly refractive to
be examined 1 the butyro-refiactometer

The 1ndex of refiaction decreases with 11sing tempeiature.
The 1ate of change 1s nearly constant for the common oils and
fats, a rise of 1° causing a diminution of 0.000365 1n the index
of refraction !

MELTING AND SOLIDIFYING PoOINTS — TITER TEST

The melting point of a fat, o1 of the mixed fatty acids obtained
from 1t, increases with the mean molecular weight among acids
of the satmated series, while 1 mixtures of acids of the
saturated and unsatuiated series (or their glyceiides) the
melting pownt becomes lower as the proportion of unsatu-
1ated compounds ncreases.  The melting pomnt of a solid fat
18 best determined by heating a thin disk of the substance
suspended m a mixture of water and alecohol as deseribed
m Chapter IX  This method being applicable only to sub-
stances practically 1nsoloble m alcohol, the melting pomnt
of a mixtme of fatty acids o1 of a wax may be taken as
follows 2

Diaw up the melted fatty acids (or the wax) into a very
thin-walled capillary tube 3 to 5 em long according to the
length of the bulb of the thermometer to be used. Seal one
end of the tube and allow the substance to cool on 1ce for 12 to
15 howms  Attach to the bulb of a delicate theimometer
graduated to 0 2° immerse 1n water, and heat veiry slowly.
The temperature at which the substance becomes transparent 1s
taken as the melting point.

Natuial fats sometimes show chanaeable or “double” melt-
g pomts. Grun and Schacht? account for this as due to
the presence of muxed glycerdes capable of existence in two

1Proctor J Soc Chem Ind, 1898, 17, 1023 Tolman and Munson J.
Am Chem Soc, 1902, 24, 754

2U S Dept Agriculture, Bur Chem , Bul. 107.

3 Ber , 1907, 40, 1778, Allen (4), II, 52
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1someric forms of different melting points, one of which forms
may be gradually changing into the other.

The so-called « titer test” 1s the determination of the solid-
ifying point of the mixed fatty acids.

ViscosiTy

The presence of glycerides of hydroxy-acids, whether natural,
as 1n castor oil, or artificial, as 1n the “blown ” oils of commeice,
gives a very high viscosity compared with fatty oils 1n which
hydroxy-acids are absent. Among the latter, viscosities vary
as a rule with the melting points of the mixed fatty acids.
While the viscosity may aid mn the identification of fats and
oils 1n certan cases, 1ts determination 1s especially important
in the examination of lubricating oils and will, therefore, be dis-
cussed 1n that connection

HeAaT oF COMBUSTION

The heat of combustion of fats and fatty oils 1s a propeity as
nearly constant as the specific giravity to which 1t stands
approximately 1nverse proportion, being loweired by the pres-
ence of acids of low molecular weight, highly unsaturated
acids, or acids containing hydroxyl groups. The heats of
combustion of butter-fat, drying ouls, castor oil, and blown oils
are, therefore, lower than those of body fats and such fatty oils
as olive, almond, peanut, or rape-seed Waxes and hydroca:-
bons have higher heats of combustion than the glycerides. The
same 18 true of the alcohols of very high molecular weight, such
as cholesterol and phytosterol of which the so-called unsaponi-
fiable matter of fats i1s chiefly composed. With a suitable oxy-
gen calorimeter! the heat of combustion can be very accurately
determined and the results are often useful in verifying the
conclusions drawn from other determinations. For fuller dis-
cussions see J. Am. Chem Soc., 1896, 18, 178; 1901, 23, 164;
1902, 24, 348; 1903, 25, 659.

1 For discussion of calorimeters and determination of heat of combustion see
Chapter XII
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ALCOHOLS OF FATS AND WAXES

(UNSAPONIFIABLE MATTER)

Under the term ¢« unsapomfiable matter ” are included all sub-
stances found 1n fats and waxes which are insoluble 1n water
and do not combine with caustic alkali to form soluble soaps.
In a commercially pure fat or wax the ¢ unsaponifiable matter”
consists chiefly of one or more alcohols of high molecular
weight, the more important of which are mentioned below.

The common waxes yield 50 to 55 per cent of insoluble alco-
hol, but the total amount of unsaponifiable matter in fats 1s
much lower, being usually less than 1 per cent 1n animal and
less than 2 per cent 1n vegetable fats,

AvLcoHoLs oF THE SERIES C,H,,,,0

Cetyl alcohol, C,;Hg,0, occurs as palmitate 1in spermaceti. It
18 a tasteless and odoiless solid, insoluble 1n water, but soluble
1n alcohol and very easily soluble 1n ether o1 benzene Melting
point 50°, specific gravity at 99°, 0.7837

Octodecyl alcohol, C;gHg40, also o.curs as ester in spermaceti.
It 1s sumila1 1n properties to cetyl alcohol. Melting point 69°;
specific gravity at 99°, 0.7849

Myricyl aleohol, CgyHg,O, occurs as palmitate in beeswax and
both free and combined 1 carnauba wax. It melts at 85° to
88° and 1s nearly nsoluble 1n cold, but 1eadily soluble in hot,
alcohol

Other alcohols of this series are known, but need not be con-
sidered here  From the examples given 1t will be seen that the
melting pomnts rise and the alcohols become less soluble with
increasing molecular weight. The specific gravity, however,
does not decrease as 1n the case of homologous fatty acids.

CHOLESTEROL AND RELATED ALCOHOLS

Cholesterol. C44H,,0, 18 the characteristic constituent of the
unsaponifiable matter of animal fats. It 1s only sparingly
soluble in cold dilute alcohol or cold petroleum ether, but
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dissolves readily in ether, chloroform, carbon bisulphide, fatty
oils, turpentine, or hot strong alcohol.

Phytosterol and sitosterol are alcohols, probably 1someric with
cholesterol and resembling 1t closely in physical properties,
which occur 1n vegetable fats, the latter being found especially
1n the oils of the cereal grains. The 1dentification of one of
these alcohols may, therefore, aid 1n determining the origin of an
o1l or fat or in the detection of vegetable fats present as adul-
terants 1n the more expensive fats of ammal origin, as will be
explained in the next chapter
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CHAPTER IX
Edible Oils and Fats

SALAD OILS

Mosrt salad oils are sold as olive o1l The prineipal substitutes
and adulterants are cottonseed, arachis (peanut), sesame, maize,
poppyseed, and lard oils. Both quantitative and qualitative
methods must be used 1n any thorough examination of an o1l
for adulterants. As a 1ule an o1l should be pronounced adul-
terated only when quantitative determinations yield results which
could not be obtained from a pure oil of normal character.
Qualitative tests are usually required to show which of several
possible adulterants 1s present. As yet certain color 1eactions
are indispensable for this purpose, but 1 using these tests and
interpreting the results, 1t must be remembered that they de-
pend upon the presence of constituents which may be removed
or destroyed by improved methods of refining, and that olive
oil which has been altered by long exposure to air in loosely
stoppered or partially filled vessels, or oil containing a small
amount of some accidental impurity, may give a reaction which
cannot be distinguished from that of the adulterant sought
The results of even the best of the color reactions must there-
fore be interpreted with great caution and must usually be
regarded as of much less significance than the quantitative
numbers.

On the other hand, a good grade of arachis o1, or a carefully
prepared mixture of lard o1l with one of the seed oils, can be
added to olive o1l 1n large proportion without affecting the
ordinary constants to such an extent as to pass the limits which
can fairly be regarded as noimal. It 1s necessary, therefore,
not only to compare each number found with the established

174
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limits for pure oil, but also to view the quantitative results in
their relations to each other and to the indications of the qual-
tative tests

While the System to be followed and the number of tests re-
quured will naturally vary in different laboratories, the follow-
ing may be recommended Determine accurately the specific
gravity or the index of refraction, the 10dine number, and sa-
ponification number If an abundance of the sample1s at hand,
determine the specific temperature reaction and the acidity.
Apply the mtric acid test, Halphen’s test, one or more of the
color 1eactions for sesame oil, and examine for arachidic acid
by Renard’s method  Finally, if the importance of the sample
Justifies the time acquired, separate and examine the unsaponi-
fiable matter and the mixed fatty acids and determine the vis-
cosity of the soap solution by Abiaham’s method described
below.

ANALYTICAL PROPERTIES OF OLIVE OIL

The numbers included 1n the table of *constants” already
given are intended to cover the 1ange of normal variations in
oils found 1 the American markets. Muntz, Duirand, and
Milliau! examimned samples from Africa, Spain, Portugal,
Gueece, Turkey, and the Levant without finding any signmificant
valiation 1n the specific gravity, 1odine number, or temperature
reaction. .\ccording to Milhau, Bertainchand, and Malet, 2
however, Tunis oils have high specific gravities, the average of
49 samples being 0.9183. Tolman and Munson have recently
examined a large number of olive oils many of which were of
known origin. The following are taken from their results 3

The average 1odine number of the oils from Califormia 1s
therefore higher than that of the French and Italian oils and,
as might be expected, the higher 10dine number 1s accompanied

1Bulletin du Mimstére de 1'Agriculture, 1895 Quoted from Bul 77, Bur
Chem , U S Dept Agriculture M

2Bulletin de 1'Agricultuie et Commerce de Tunis Quoted from Bull 77,
loc cit

3Bul 77, Bur Chem, U S Dept Agriculture
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TABLE 16 — ANALYTICAL ProPrRTIES OF OLIVE OILS

- 2

o8 ok %e eE2E |28

Deseriti £2 |9%»)» | u%> | 8% |358
escription cE §‘Ea£ 5| S&a 228 §:5
=g @ a8 'Dg Sda

Is of k n Max [898| 09180 | 14718 (1097 | 8211
Cal;forma 41)1 s of known origy Min |785| 09162 |14703| 945 020
(42 samples) Avg [853] 09170 147181018 120

Max [861] 09180 |14713|1047 | 279
Itahan oils of known omgin |y, 799 09155 | 14705| 956 057
(17 samples) Avg |816[09163 14709 991|111
Max [845|00179 | 14712108 4 | 530
Italian o1ls (commercial) not found Mm |776] 09150 | 14701| 884 072
2

adulterated (57 samples) Avg |809| 09161 [14706| 978|242
Max |850| 09183814713 | 1144 | 363

French ols (commercial) not 7900| 090150 | 14699 904/ 045
found adulterated (60 samples) 1Avg 813| 09166 | 147081001 159

by a higher specific gravity, refractive index, and temperature
reaction. Although individual samples will show shight vana-
tions, the same general relation 1s found on comparing oils
which differ in iodine numbers though obtained from the same
locality. Thus taking at random, from among the Califorma
oils of known origin examined by Tolman and Munson, 10 sam-
ples with high and 10 with low 1odine numbers the following
average figures were found -

Speafic gravity Index of Specific
Iodine number 15 5° refraction temperature
15 5° 15 5° reaction
First group 88 44 09172 14716 1057
Second group 8312 09166 14711 986

1Two samples with larger amounts of free acids were found, but were ex-
cluded from average as being unfit for use as salad oils

2 Omitting one s2ample contaiming 156 256 per cent of free acid and having a
specific gravity of 0.9134.

8 Omitting one sample having an abnormally high specific gravity (0 9196)
which may have been due to exposure,
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The normal relations of the constants to each other and the
changes which may occur as the result of age or exposure!
must always be taken into consideration when interpreting the
results of an analysis. For records of individual samples of
olive o1l showing 10dine numbers of 90.5 to 94.7 see Allen’s Com-
mercial Organic Analysis, Fourth Edition, II, 113.

The standard adopted by the Umted States Department of
Agriculture 18 as follows:

Olive o1l 18 the o1l obtained from the sound, mature fruit of
the cultivated olive tree (Olea europea L.) and subjected to
the usual refining processes; is free from rancidity; has a
refractive index (25° C ) not less than 1.4660 and not exceed-
ing 1.4680; and an 10dine number not less than 79 and not
exceeding 90.

DETECTION OF COTTONSEED OIL

The presence of cottonseed o1l 1n olive o1l raises the specific
gravity, 1odine number, and temperature reaction and lowers
the viscosity of the soap solution. A mixture of cottonseed
and lard oils may, however, be added to olive o1l in large quan-
tity without greatly affecting any but the last of these * con-
stants.” The qualitative tests for cottonseed o1l are therefore
of considerable importance.

Halphen’s Reaction?

Dissolve 1 part of sulphur in 100 paits of carbon bisulphide
and mix the soiution with an equal volume of amyl alcohol.

Mix equal volumes, 2 to 38 cc. each, of the reagent and the
oil to be tested and heat the test tube containing the mixture
gently at first until violent boiling ceases, then 1n a bath of
boiling saturated solution of common salt. Heat for 2 hours
unless a color develops sooner. If cottonseed o1l 1s present, the
solution turns orange or red.

This 1s probably the most sensitive and characteristic test for
[ ]
1 See section on this subject beyond.

2 Halphen Ann chwm axal , 1898, 3, 9, Analyst , 1898, 23, 131, Bul 107.
Bur. Chem , U. S Dept Agriculture
N
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cottonseed o1l and the least hiable to give unsatistactory 1esults
1n the hands of an inexperienced person. The presence of 1 or
2 per cent of unchanged cottonseed o1l 1n olive oil 1s detected
without difficulty. A reaction 1s often obtained ! with lard or
lard o1l or even with butter fat2 fiom ammals which have been
fed upon cottonseed meal. Copac (o1 kapok) oil, which 1s
closely 1elated to cottonseed o1l, gives the same reaction When
heated at 250° for 10 to 20 minutes, cottonseed o1l loses the prop-
erty of g1ving this reaction. No pure olive o1l has yet been known
to give a simlar coloration. Hence a positive 1esult 1s con-
sidered conclusive, but a negative result 1s not  The substance
to which the reaction 1s due cannot be 1emoved by tieatinent
with ammal charcoal? and 1s supposed to be an unsatuiated
acid which combines with sulphur giving a red compound *

Nitric Aad Test

Cottonseed o1l shaken at room temperature with an equal
volume of mitiie acid, of 1.37 to 1 38 specific gravity, gives
a brown coloration, sometimes only on standing oveimight.
Other seed o1ls give similar reactions. Normal olive o1l under
the same treatment shows no change of color.

The test 1s not so delicate as that of Halphen, but 1s applicable
to cottonseed o1l which has been heated until 1t no longer colors
the Halphen reagent. It may also be of value in determming
whether a weak test with the latter 1eagent 1s due to a small
amount of unheated cottonseed oil o1 to a larger amount which
has been heated sufficiently to weaken the Halphen reaction
(Tolman and Munson). According to Lewkowitsch this 1e-
action cannot be relied upon to detect less than 10 to 20 per
cent of American cottonseed oil 1 olive oil. Tolman and
Munson consider the test much more delicate. A positive 1e-

1Soltsein Z offentl Chem , 1901, 7, 140

2 Wauters Bull Assoc Belg Chem., 13, 404 , J Soc Chem Ind, 1900,
19, 172 ,

83Utz Chem Rev Fett -Harz-Ind , 1902, 9, 125, Gill’s O1l Analysis, p 73

4 Ratkow Chem Ztg, 1900, 24, 562, 683, 1902, 26, 10  See also Halphen
Bull Soc Chum , 1905, [3], 33, 108
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sult should always be confirmed by finding a high 1odine
number o1 by pioving the presence of some other oil having a
very low 10dme number, for pure olive o1l if much altered as
the 1esult of age and exposure will sometimes give a reaction
which cannot be «i~iir i <o i from that of cottonseed oil.

DeTeCcTION OF ARrAcHIs (PEANUT) OIL

Arachis o1l has usually a lugher specific gravity and 10dine
number and practically always a higher temperature reaction
than olive o1l.  The specific temperature 1eaction of arachis o1l
with concentrated sulphuric acid 15 usually 40 to 60 umts
higher than the 1odine number of the same sample, whereas
olive o1l usually shows a difference of less than 20 and very
rarely of moie than 25 units between the 10dine ard the specific
Maumené numbers. The presence of peanut o1l 1n olive o1l
greatly dummshes the viscosity of the soap solution obtained
on saponification. Any of these changes, however, might be
due to other adulterants  Araclis o1l 1s shown conclusively by
1solating and 1dentifying arachidic acid. This can be done
with approximately quantitative 1esults by Tolman’s modifica-
tion of Renaid’s method

Renard-Tolman Test for Arachidic Acid?

Weigh 20 grams of o1l in an Erlenmeyer flask  Saponify
with alecoholie potash, neutralize exactly with dilute acetic acid,
using phenolphthalein as indicator, and wash the solution into
a 500-cc. flask contaiming a boiling mxture of 100 ce. of water
and 120 cc. of a 20 per cent lead acetate solution Boil one
minute and then cool by immersing the flask in water, occa-
sionally giving 1t a whinling motion to cause the precipitated
lead soaps to stick to the sides of the flask. After thorough
cooling, pour off the water containing the excess of lead acetate
and wash the soap with cold water and then with 90 per cent
alcohol  After pouring off the alcohol as ecompletely as

1 Renard Compt rend, 1871, 73, 1330

Tolman U S Dept Agriculture, Bur Chem, Bul 81, p 64 See also
Archbutt J Soc Chem Ind, 1898, 17, 1124
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possible, add 200 cc. of ether, cork the flask and allow to stand
until the soap 1s disintegrated, then connect with a reflux con-
denser, heat gently to boiling, and boil for 5 minutes on a
safety water bath or an electric heater. Cool to 15° and allow
to stand overmight.

Filter, wash the residue thoroughly with ether, and then
transfer 1t from the filter to the flask by means of a stream of
hot water acidified with hydrochloric acid. Add an excess of
dilute hydrochloric acid and 200 cc. of hot water and heat until
the fatty acids separate as a clear oily layer. Nearly fill the
flask with hot water and allow to stand at room temperature
until the layer of fatty acids has completely separated and solid-
ified. Remove and drain the cake of fatty acids, wash agamn
with hot water, then dissolve i1n 100 cc. of boiling alcohol, 90
per cent by volume. Cool the solution to 15°, shaking fre-
quently, and allow 1t to stand as long as any acid continues to
crystallize out, or overmight, at a temperature not above 20°.
Filter, wash the crystals twice with 10 cc. of 90 per cent
alcohol, noting the total volume of filtrate and washings, and
then with alcohol, 70 per cent by volume (in which the crystals
are practically insoluble). Dassolve the crystals by means of
hot absolute alcohol in a weighed dish, evapoiate, dry, and
weigh. To this weight add 0.0045 gram for each 10 cc. of 90
per cent alcohol 1n the filtrate and washings 1f the temperature
of filtration was 20°, or 0.0025 gram for each 10 cc. 1f the tem-
perature was 15°.

The melting point of arachidic acid obtained in this way 1s
71° to 78°. According to Tolman and Munson ! the determina-
tion of the melting point must not be neglected since cotton-
seed and lard oils have been found to give crystals 1esembling
arachidic acid 1n appearance, but having a lower melting point.
Tolman finds that from 5 to 10 per cent of the oil can be de-
tected by this method. On the usual assumption that the oil
yields 5 per cent of the acid,? each centigram found as described

1U S Dept Agriculture, Bur Chem , Bul 77, p 36
2 This 18 probably more nearly a maximum than an average yield. Tolman
and Munson (loc cit) obtained from 3 41 to 4 24 per cent
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above (using 20 grams of oil) indicates 1 per cent of arachis
(peanut) o1l 1n the sample.

Archbutt (Allen’s Commercial Organic Analysis, 4th Ed., 11,
99-100) recommends the following method of Bellier! as giving
satisfactory qualitative results.

Solutions. — (1) Alcohohc potassium hydroxide, made by
dissolving 8.5 grams pure potassium hydroxide in 70 per cent
alcohol and making up to 100 cc.

(2) Acetic acid of such strength that 1.5 cc. will exactly
neutialize 5 cc. of the potash solution (about 28-29 per cent of
actual acetic acid)

Test. — Weigh 1 gram of sample into a dry test tube, add
5 cc. of the potash solution, and boil gently, avoiding evapora-
tion, over a free flame until saponification 1s complete, probably
a little over 2 minutes, then add 15 cc. acetic acid, or just
sufficient to neutralize the alkali, mix well, cool rapidly 1n
water at 17° to 19° and let stand at this temperature for at
least 30 minutes, shaking occasionally , then add 50 cc. 70 per
cent alcohol containing 1 per cent by volume of hydiochloric
acid of 1.16 sp. gr., shake well, and again place 1n the cold
watel for 1 hour. In the absence of arachis o1l the liquid should
remain clear or become merely opalescent, while 1f the sample
contained more than 10 per cent of arachis o1l a flocculent,
crystalline precipitate 1s obtained.

DETECTION OF SESAME OIL

Sesame o1l affects the usually determined constants in the
same way as cottonseed oil and to practically the same extent.
The color reactions are usually considered quite characteristic.

Baudouin’s Test

Dissolve 0.1 gram of sugar n 10 cc. of hydrochloric acid of
1.18 to 1.20 specific gravity and add 20 cc. of the oil. Shake
thoroughly 1n a test tube for one minute and,allow to stand.
The water solution separates quickly and shows a distinct red

1 Ann chim anal , 1899, 4, 4.
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or crimson color 1f the sample contains 1 per cent o1 more of
sesame o1l. The active reagent 1s probably furfural formed by
the action of the acid upon the sugar.

Villivecchia’s modafication consists in shaking 10 cc. of the
oil with 10 ce of hydrochloric acid (1.20 sp gr ) to which has
been added 0 1 cc of a 2 per cent solution of furfuial in 95 per
cent alcohol.

Olive oils of known purity have usually been found to give
only a shight pink colo1, but sometimes the reddening of the
water solution 18 so pronounced as to cause confusion with that
produced by a small amount of sesame o1l  Check experiments
therefore should always be made If much sesame o1l 1s present,
the red color should be peiceptible in the oily layer as well as
mn the water solution.

Tocher's Test

Dissolve 1 gram of pyrogallol in 15 cc of concentrated hydro-
chloric acid.  Shake this solution with 15 ce of o1l 1 a sep-
aratory funnel and allow to stand for 1 or 2 minutes. Draw
off the aqueous solution and boil for 5 mimmutes. The presence
of sesame o1l 1s indicated if the solution after boiling appears
red by transmitted and blue by reflected light.

This test has not been so generally used nor so thoiroughly
studied as the preceding. The Association of Official Agiicul-
tural Chemists authorize the use of either Baudouin’s, Villivec-
chia’s, or Tocher’s test for the detection of sesame o1l 1n edible
oils and fats.

DEeTECTION OF MAIZE, POPPYSEED, AND LARD OILS

Each of these oils has a characteristic odor or taste, the odor
of lard o1l being intensified by heating. These properties,
howevei, cannot be relied upon, as the substances to which they
are due can be almost entirely eliminated in the refining
process. The effect of maize or poppy o1l 1n raising the 10dine
number would be very noticeable, but might be neutralized by
the addition of a somewhat greater quantity of lard oil. The
difference between the 10dine number and the specific tem-
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perature reaction would be appreciably greater in such a mix-
ture than 1n pure olive o1l (compare detection of araclus oil).
Maize and poppyseed oils react with mitric acid, giving brown
colors similar to that produced by cottonseed o011 Lard oil
often gives the same reaction and might be indicated by the
melting pont of the fatty acids (those of lard o1l having a
relatively high melting point, 33° to 38° according to Tolman
and Munson) or by the character of the unsapomifiable matter
— phytoste1yl acetate test.! (See references at the end of this
chapter.)

All of these oils (as well as most otheis) yield soap solutions
of much lower wviscosity than those obtained from pure olive
oils.? The determination and significance of this piroperty
has been studied in some detail® and the method has been
found capable of giving valuable results, especially 1f the con-
ditions worked out by Abraham aie carefully observed For
a full discussion of these conditions the original paper must
be consulted. The essential features of the pirocess are as
tollows:

Abraham’s Modification of Blaadale's Viscosity Test

The saponification number having been determined, weigh 3
grams of o1l 1n an accurately graduated 100-cc. flask, add 2 cc.
of alcohol and an amount of standard potash solution sufficient
to saponify the o1l and leave an excess of 0 625 gram of potas-
stum hydroxide. Close the flask with a stopper having a
Kroonig valve and saponmify on a water bath  After sapomifi-
cation expel the alcohol by warming and allowing air freed
from carbon dioxide to pass thiough the flask, while a partial
vacuum 1s maintained by means of a suction pump. In this
way the alcohol 1s entirely removed 1in 6 to 10 minutes. Evap-
oration should not be cariied to complete dryness. Without
allowing the flask to cool, add 50 cc. of hot water, rotate gently

1 Bomer Z Nahr -Genussm , 1901, 4, 1091

2 Blasdale J Am Chem Soc, 1895, 17, 937

8 Abraham Ibid, 1903, 25, 968 Sherman and Abraham Ibid, 1908, 25,
977
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until a homogeneous solution of the soap 1s obtained, cool to
20°, fill to the mark with distilled water, and mix well by shak-
ing or by repeatedly pouring the solution from one flask to
another. Determine the viscosity of the solution 1n an Ostwald
viscosimeter 1mmersed 1 water kept at 20°. Care must be
taken to avoid the introduction of air bubbles into the vis-
cosmmeter and to maintain the exact temperature. Repeat the
readings until five or more concordant results are obtained The
viscosimeter 18 standardized by means of distilled water, and
1t 18 advisable to select for this work an instrument in which
the time of flow of water 1s about 100 seconds. Successive
readings of a soap solution should then agree within 2 seconds.
The viscosity 1s calculated as follows:

vy = 100(%1>t1,
where
v, = the viscosity number.
¢, = the time of flow (an seconds).
8, = specific gravity of the solution.
t = time of flow of distilled water.

The viscosity numbers obtained by this method were :

Olive 011 of known purity (9 samples) . 1680-1857
Olive o1l of doubtful purity (4 samples) 145 8-165 8
Lard o1l (5 samples) 1229-1350
Arachis (peanut) o1l (1 sample) . . 126 6
Cottonseed o1l (3 samples) . 126 6-127 9
Rapeseed o1l (3 samples) 124 7-125.7
Sesame o1l (1 sample) . 1392
Maize o1l (1 sample) . 126 6
Poppyseed o1l (1 sample) 1239

Mixtures of olive and lard oils gave viscosity numbers agree-
ing closely with those obtained by calculation, but cottonseed
or arachis o1l when added to olive oil lowered the viscosity
to a much greater extent than would have been predicted,
indicating that the viscosity number 18 a more useful means
of detecting adulteration than appears from a comparison of
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the results obtained on testing the olive o1l and 1ts adulterants
separately.

The usefulness of the method for testing 1solated samples 1s
limited by the fact that comparable results can be obtained
only under strictly umform conditions, the viscosity of the soap
solution being greatly influenced by slight variations in strength,
alkalinity, or temperature, while the terms in which the results
are expressed will naturally vary with the form of viscosimeter
used ; but 1n cases of sufficient 1mportance to justify the time
required to arrange the apparatus and make comparative deter-
minations, the ¢ viscosity number ” will be found an important
factor 1n the examination of olive o1l for adulterants.

BUTTER

Butter 1s officially defined! as “the product made by rathetin r
1n any manner the fat of fresh or ripened cream 1nto a mass which
also contains a small portion of the other milk constituents, with
or without salt ” Standard butter contains not less than 82.5
per cent of butter fat, having a Reichert-Meissl number not less
than 24 and a specific gravity not less than 0 905 at 40°/40°.
By acts of Congress approved August 2, 1886, and May 9, 1902,
butter may also contain additional coloring matter.

Butter may fail to meet the requirements of the official stand-
ard either because of a deficiency in the percentage of fat or be-
cause of the presence of foreign fat or butter fat of abnormal
character, though the sample may contain nothing which can be
regarded as unwholesome. Butter analysis therefore includes
(1) the examnation of the whole butter, (2) the examination
of the butter fat.

The methods of examining butter fat will be given fully be-
low, but for convenience the determination of water, fat, curd,
and ash will be described first. The point at which tests for
p1eservatives can conveniently be made will be indicated, but
the detection of foreign colors will not be considered, as these
are not regarded as adulterants.

1 Circular No 19, Office of the Secretary, U S Dept Agriculture
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DETERMINATION OF WATER, FAT, CURD, AND ASH

Especial care must be taken in sampling butter, since the
water, salt, and curd are often unevenly distributed and an
attempt to mix by stirring 1s apt to result in squeezing out
drops of brine If a large quantity 1s to be sampled, a butter
trier should be used, and the portions thus diawn umted until
a working sample of about 500 girams 1s obtained.

Melt the sample at the lowest possible temperature in a wide-
mouthed glass-stoppered bottle, shake violently to insure a homo-
geneous mixture, and contenue the shaking while cooling the sample
untel w18 '+« 7 golidified. Gieat care 1s necessary here to
prevent a separation of water and fat.

Thoroughly clean and dry a lipped dish or beaker having a
flat bottom of at least 20 square centimeters Weigh the dish,
troduce 15 to 2 grams of butter, and reweigh quickly to avoid
evaporation. Dry to constant weight in a boiling water oven
The loss 1s water. Treat the dry residue with petroleum ethex
or benzine, transfer 1t to a weighed Gooch crucible having a felt
of 1gnited asbestos, and wash with the solvent until all fat 1s re-
moved. Dry the crucible and residue to constant weight n a
water oven or an air bath not above 110° The matenal dis-
solved by the petroleum ether or benzine 1s fat. Burn the curd
at a temperature below a red heat and weigh the crucible con-
taiming the ash.

Notes — The method given 1s essentially that of the Associ-
ation of Official Agricultural Chemists ! If preferred the but-
ter can be dried on clean dry sand or asbestos. When the latter
18 not used, 1t 18 important that the butter form only a very thin
layer on the bottom of the dish or beaker ; otherwise the water
sinks 1nto the melted fat and 1s only very slowly expelled at the
temperature of the boiling water oven. For convenience in
transferring and washing the residue with petroleum ether the
latter should be used 1n a small wash bottle having a ground
glass stopper. Instead of drying in a dish and transferring the
1esidue to a crucible, the butter may be weighed durectly in a

1Bul 107, Bur Chem , U S. Dept Agriculture
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crucible two thurds filled with fibrous asbestos, dried to constant
weiyht, and then extracted.! A device for tlus di1ying
by passing a curtent of air through the heated crucible has been
described by Bud? References to a number of other quick
methods for moisture in butter will be found at the end of the
chapter

Great care must be taken to burn the curd at the lowest tem-
perature possible mn order to avoid loss of chlorine (see Chaptet
XVII). Any small amount of milk sugar which the butter
might contain would be counted as cuird i this analysis. The
percentage of salt can be found by determining chlorine in the
ash, or by repeatedly washing the butter with hot water in a
sepatatory tunnel and titiating the combined washings with a
standard solution of silver mitiate  Good butter usually con-
tains 10 to 14 per cent water, 84 to 87 per cent fat,05 to 15
per cent cuid, 20 to 4 0 per cent ash 1f salted , 1f unsalted,
0 25 to 0.5 per cent The water content of butter has often
been Iimited by legal or trade standards to 16 per cent Thisis
considerably above the present average for cieamery butter, as
shown by an investigation made by the Umted States Depart-
ment of Aguiculture in 19028 Of 800 samples fiom 400 cream-
eries 1n 18 states, the average water content was 11.78 per cent;
85 per cent of the samples contained between 10 and 14 per cent,
the extreme limits were 7 20 and 17.62 per cent. The amount of
salt added to butter varies gieatly with the demands of differ-
ent markets, but over 5 per cent would be excessive unless the
butter weie intended for export to a tropical country. An ex-
cessive amount of curd indicates careless manufacture or fraud-
ulent increase of weight and 1s likely to injuie the keeping
qualities ot the butter

! Richards and Woodman Air, Water, and Food (2d Ed ), 201
¢ J Am Chem Soc, 1905, 27, 818
3 Circular No 39, Bureau of Animal Industry , Analyst, 1903, 28, 184.
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EXAMINATION OF BUTTER FAT

Preparation

Melt 100 grams or more of the butter and allow 1t to stand
at 45° to 55° until the water and salt settle to the bottom.!
Pour off the melted fat by decantation and filter 1t through a
dry paper 1n a funnel heated by a water jacket or supported in
a drymng oven kept at about 60°. The filtered fat, which must
be free from turbidity, 1s received 1n a wide-mouthed bottle and
kept stoppered 1n a cool place until analyzed

Retichert-Meissl or Rechert- Wollny Number 2

This number 18 a comparative measure of the proportion of
volatile acids, and 1s the most 1mportant basis for deciding the
purity of butter fat. Often the presence or absence of foreign
fat 1n butter, or the proportion of butter fat in oleomargarine,
1s mferred from this number alone. In the interest of uni-
formity of 1esults official chemists have sought to describe
the method 1n such detail as to eliminate vaiations due to
mampulation.

Reagents. — 1. Caustic soda solution, made by dissolving
sodium hydroxide (nearly free from carbonate) in an equal
weight of distilled water.

2. Alcohol, 92 to 95 per cent, containing no appreciable
amount of volatile acid, either free or combined.

3. Dilute sulphuric acid, made by mixing pure concentrated
sulphuric acid wath four times 1ts volume of water.

4. An accurately standardized approximately tenth-normal
solution of barium (or sodium) hydroxide.

5. A 1 per cent solution of phenolphthalein 1n alcohol.

Determination. — Thoroughly clean and dry a flask of 250 to

1 This water solution can be tested for preservatives, of which boric acid and
borax are most likely to be found in butter For methods see Chapter X VIIL

2 Reichert Z ana] Chem , 1879, 18, 69 Meissl Dingler’s polytech
Journ, 1879, 233, 229 Wollny Mulch Ztg, 1887, 16, 609, Analyst, 1887,
12, 203, 235, 1888, 13, 8, 38 These papers aie reprinted 1n Ephraim’s Onigi-
nal Arbeiten uber Analyse der Nahrungsmittel
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800 cc. capacity Weigh the flask, thoroughly mix the melted
fat, introduce 5.6 to 5.8 cc. measured at about 50°, allow the
flask and fat to cool for 15 to 20 minutes, and reweigh (or, 1f
convenient, weigh exactly 5 grams of fat into the flask). Add
10 cc. of the alcohol and 2 cc of the caustic soda solution, attach
the flask to a reflux condenser, and boil on a water bath or
electric heater for at least half an hour to insure complete
saponification.!

Evaporate the alcohol by heating the flask 1n a steam bath,
shaking occasionally to avoid danger of loss from frothing and
to facilitate the removal of the alcohol. Add 132 cc. of recently
boiled distilled water, warm at 60° to 70° until the soap 18 com-
pletely dissolved, add 8 cc. of the dilute sulphuric acid and a
few pieces of pumice stone, re-stopper the flask or connect 1t
with a condenser, and warm without boiling until the fatty acids
separate as a clear layer. Dastill2 through a glass condenser,
collecting the distillate 1n a flask accurately graduated at 110 cc.
The distillation should be so regulated that 110 cc. will be col-
lected 1in from 28 to 32 minutes Mix the distillate, filter
through dry paper, and titrate 100 cc. of the filtrate, using 0.5
cc. of the phenolphthalein solution as indicator, until the red
color remains apparently unchanged for 2 minutes. Increase
the burette reading by one tenth (on account of the 10 cc. of
distallate not titrated), and calculate the number of cubic centa-
meters of tenth-normal alkal1 which would have been requued
if exactly 5 grams of fat were taken for the determination.
This 18 the Reichert-Meissl number.

Notes. — The number thus found does not represent the total
volatile acids present. The yield 1s fairly umiform 1if the given
conditions of dilution and distillation are maintained. Wollny
submitted this method to an exhaustive examination and
pointed out the following sources of error . (1) absorption of

1 The saponification can also be accomplished by heating in a closed flask,
using either aqueous or alcoholic alkali, or by means of the glycerol-soda solution
proposed by Leffmann and Beam Analyst, 1891, 16, 153

2 In ordmary work a form of apparatus similar to that shown mm Fig 1,
Chapter I, may be used



190 METHODS OF ORGANIC ANALYSIS

cartbon dioxide during saponification, (2) formation of esters
duiing sapontfication, (3) formation of esters during distillation,
(4) coherence of fatty acids during distillation, resulting 1n
holding back some of the volatile acid, (5) variations 1n the
proportion of volatile acid carried over, due to differences n
size and shape of distillation apparatus. In oirder to avoid dis-
crepancies from these and other causes he published an elabo-
1ately detailed system of manipulation and precautions. It has
been shown that Wollny greatly overestimated the probable er-
rors of the method as pireviously carried out and that some of
his precautions are unnecessary, but as in the main they tend
toward greater umformity of results, they have been adopted
with shight modifications by the Association of Official Agricul-
tural Chemists, whose methods! are usually accepted as stand-
a1d 1n the United States and should be followed exactly in any
determination which 1s likely to be made the basis of legal
action.

In Great Britain, a joint committee representing the Govern-
ment Laboratory and the Society of Public Analysts hasadopted
the method essentially as described above with the following
specifications fo1 the apparatus to be employed : 2 Flask used for
saponification and distillation capacity, 300 ce. ; length of
neck, 7 to 8cm., width of neck, 2 em  The flask 1s connected
with the condenser by means of a bent glass tube 7 mm. wide, so
placed that the bend 15 15 cm above the top of the cortk At
a distance of 5 cm. above the coirk 1s a bulb 5 em. 1 diameter.
The flask 1s supported on a circular piece of asbestos 12 cm. 1n
diameter, having a hole 5 cm. 1n diameter 1n the center, so that
the bottom of the flask 1s heated by a fiee flame during the dis-
tillation  The British committee further prescribed that blank
determinations be made and the volume of alkali found
necessary to neutralize the distillate (which volume should not
exceed 0.3 cc ) be deducted 1n calculating the results of each
determination. The number so obtained 1s called the Reichert-
Wollny number«

1Bul, 107, Bur Chem., U S, Dept. Agricultuze.
2 Analyst, 1900, 25, 309
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The Reichert-Meissl or Reichert-Wollny number of butter
fat 1s usually between 24 and 34 , that of coconut fat, between
6 and 8 ; of other edible fats and oils, usually less than 1.

Specific Granty

The specific gravity of butter fat has often been determined
either at 100° or at 37.8° (100° F.). The standard recently
established for the United States prescribes a minimum specific
gravity at 40°, water at the same temperature being taken as
umty. Either a specific gravity flask or an Ostwald pyknom-
eter can be used conveniently for the determination, the
pyknometer being filled and adjusted while surrounded by water
kept at the required temperatuie, then removed from the water
bath, wiped dry on the outside, allowed to cool to the tempera-
ture of the balance, and weighed.

Saponification Number

This 1s determined as desciibed in Chapter VIII. Since the
noimal saponification numbers of butter fat are only about 15
per cent 1n excess of those of the fats commonly used as adulter-
ants, the determination in orde1 to be of much value must be
very accurately made

Insoluble Fatty Acids — Hehner Number

Reagents. — 1. The alcoholic potash solution used in the de-
termination of the saponification number.

2. Alcohol, about 95 per cent by volume, which leaves no
appreciable residue upon evaporation.

Determination — Sapomfy 4 grams of butter fat with 50 ce.
of the alcoholic potash solution, evaporate to a paste to expel
aleohol, dissolve the soap in about 400 cec. of hot waterin a
weighed beaker, add hydrochloric acid 1n excess of the amount
required to neutralize the potash used, and heat nearly to boil-
ing with occasional stirring until the fatty acids have collected
i a clear layer on the surface. Cool thoroughly, pour the so-
lution through a filter, and wash the cake with cold water with-
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out 1emoving 1t from the beaker Stir up the fatty acids 1n
the beaker with another portion of hot water (200 to 300 cc.),
cool thoroughly, filter, and wash again. Repeat this treatment
three tumes  After a final thoiough washing with cold water,
put the beaker containing the fatty acids beneath the funnel
and dissolve any fatty acids which the filter may contain by
washing with hot 95 per cent alcohol, allowing the washings to
run into the beaker. Evapoiate off the alcohol and dry the
beaker containing the fatty acidstoconstant weightin a boiling
water oven.

Notes — This 1s the modification of Hehner’s method adopted
by the Association of Official Agricultural Chemists! and by
the chemists of the Government Laboratory, London.2 The
original method,® which 1s still largely used, involves washing
the melted fatty acids with hot water on a paper filter. The
results thus obtained are usually 1 to 2 per cent lower than
those by the official method. In the hot filtration method
there 1s danger of washing some of the melted fatty acid
through the paper.

Todine Number

The determination of the i1odine number has been fully de-
seribed 1n Chapter VIII. As butter fat absorbs only 26 to
38 per cent of 1ts weight of 1odine, a gram of sample can be
used for each determination. According to Patrick, butter
fat shows 10dine numbers about 1 umt higher by the Hanus
than by the Hubl method.

Melting Point — Wiley’s Method 5

Apparatus and Reagents. —1. An accurate thermometer read-
ing to 0.1 degree.

1 Bul 107, Bur Chem , U S Dept Agriculture

2 Thorpe J Chem Soc, 1904, 85, 248

3 Hehner and Angell Butter, 1ts Composition and Adulterations London,
1874 Hehner Z anal Chem, 1877, 16, 146 Ephramm, loc cit

4U S Dept Agriculture, Bur. Chem , Bul 81, p 49

5 Wiley’s Agricultural Analysis, Vol III, Bul 107, Bur Chem , U.S Dept.
Agriculture,
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2. A tall beaker nearly filled with water and arranged to
be heated gradually with constant stirring from bottom to
top

3. A wide test tube suspended in the water in the beaker
and neaily filled with water and alcohol as follows:- Half fill
the tube with hot recently boiled distilled water, then pour a
nearly equal volume of hot recently boiled alcohol into the
tube, carefully floating the alcohol on the water with as little
mixing of the liquids as possible.

Determination — Allow a diop of the melted butter fat to
fall upon a smooth piece of 1ce floating 1n recently boiled dis-
tilled water A thin disk of fat about 1 em. 1n diameter should
be obtained Remove the disk from the ice by forcing the
latter below the water when the fat will come to the surface
whence 1t 1s removed by means of a steel spatula or kmife blade
and dropped 1nto the tube containing the water and alcohol.
The disk sinks to the pont where the density of the alcohol-
water mixture 1s equal to 1ts own. It must not touch the side
of the tube. Suspend the thermometer so that the bulb hangs
in the tube exactly level with the disk of fat. Gradually heat
the beake1, keeping the water well stirred. After the disk
begins to shrivel, indicating that the temperature 1s within a
few degrees of the melting point, the heat must be appled
very carefully. The tempeirature at which the fat becomes a
sphere 1s taken as the melting point. Repeat the determina-
tion twice, heating the bath at such a rate that 8 to 10 minutes
are required to raise the temperature through the last 2
degrees. The second and third determinations should agree
withi 0.2°,

Notes — The special advantage of this method 1s that 1t
avoids the discrepancies caused by the adherence of the melting
fat to solid surfaces, which 1n most other methods makes 1t
difficult to determine the exact point of fusion. It 1s 1mportant
to secure a very thin disk of fat for the determination, to avoid
all adherence of air bubbles, and to secure umiform heating of
the thermometer bulb and the disk by occasionally swaying the
former around the latter as the temperature approaches the

o



194 METHODS OF ORGANIC ANALYSIS

melting pomnt By using hot recently boiled water and
alcohol 1n preparing the test tube for the determination the
danger of air bubbles 1s avoided

Additional Determinations

The index of refraction and Crismer’s test! based upon the
critical temperature of solution 1n aleohol are considerably used
in the examination of butter fat They are especially useful
where rapid “sorting tests” are required, as in food 1nspection
laboratories, where only the suspected samples aie submitted to
complete examination

The phytosteryl acetate test 2 1s occasionally employed as o
means of detecting the presence of vegetable fat, but 1equires
too much time and skill for routine use and 1s hable to give
misleading results in the hands of an inexpeiienced person.

The chief vegetable fats in use as butter substitutes are cot-
tonseed o1l, the methods for which have alieady been described,
and coconut oil, whose detection 1s discussed below  (See also
the references at the end of this chapter )

Acidity of butter fat 1s sometimes determined and interpreted
as a measure of the rancidity, although the odor and taste which
cause a butter to be regarded as rancid are more largely due to
aldehydes and other decomposition products than to free fatty
acids. On the assumption that acidity can serve as a measure
of rancidity, the term degree of rancidity 1s sometimes used as
synonymous with degree of acidity, 2 ¢. to show the number of
cubic centimeteirs of normal alkali 1equired to neutralize the
tree acid 1n 100 grams of fat. One *degree” 1s, therefore,
equivalent to an acid number of 0 56 or to 0.28 per cent of free
oleic acid.

1 Crismer Bull Assoc belge Chvm , 1895, 9, 71, 1898, 10, 312, Abs
Analyst , 1895, 20, 209, 1897, 22, 71 See also Weiss Pharm Ztg, 41,
268, Chem Centrbl, 1896, I, 1212  Asboth Chem Ztg, 1896, 20, 686
Browne J Am Chem Soc, 1899, 21, 990

2 Bomer Z Nahzx -Genussm , 1901, 4, 865, 1070, 1902, 5, 1018 Juckenack
and Pasternack Ibwd, 1904, 7,193 Gill and Tufts J Am Chem Soc, 25,

2561, 254, 498 Tolman J Am Chem Soc, 27, 689 Lewkowitsch Ouls,
Fats, and Waxes, 4th Ed , p 473
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CoMPOSITION OF BUTTER FAT

Browne analyzed the mixture of fatty acids from a sample
having a rather low 10odine number (29 28) with the following
results 1

Acids Percentage of acid Cu::;e::;;:d;:f“p“
in fat gly ceride

Oleie 32 50 3395
Dioxystearic . 100 104
Steaiic . 183 191
Palmitic 38 61 4051
Myristie 989 10 14
Lauric 257 273
Capric 032 034
Capryhic 049 0353
Caproic 209 232
Butyiic 245 623

Total 9475 100 00

This calculation neglects the unsaponifiable matter, which
according to Browne amounts to only about 0.1 per cent.

The composition of butter fat 1s, however, quite variable, as
will be seen from the range 1n analytical properties.

VARIATIONS AND RELATIONS OF ANALYTICAL PROPERTIES

The Reichert-Meissl or Reichert-Wollny number 1s much
the most important of the data obtained 1n the examination of
butter fat The proportion of volatile acids tends to decrease
as the period of lactation advances The estimated normal
range for the other 1impoitant properties has been given in the
table at the end of Chapter VIII.

Any of these properties may be influenced by the feeding or
health of the amimal and occasionally vary much beyond the
usually accepted ¢ normal” limits, as 1s shown by the following
data collected by Browne 2

1 J Am Chem Soc, 1899, 21, 823
2J Am Chem Soc, 1899, 21, 632
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General Extieme hmits
limits
Reichert-Meissl number 20-33 | 11 2[Morse]—41[Nuilson]
Saponification number 220-246 | 216[Samelson]-245[ Fischer]
Iodine number 20-38 | 19 5[Moore]-49 57 ﬁ,?:inls{tfllgﬁf ]

The results of analyses of 857 authentic samples of butter
fat collected from various parts of Gieat Biitain and examined
at the Government Laboratory, London, have been arranged
by Thorpe! according to the Reichert-Wollny numbers and
averaged by gioups to show the 1elations between the primeipal
physical and chemical properties of pure butter fat

The following table shows the averages for each gioup of
samples. The first line, for example, gives the average
Reichert-Wollny number for all samples imn which this number
lay between 22 00 and 22 99, with the average of the same
samples for each of the other determinations. The second
line shows the averages for all samples having Reichert-Wollny
numbers fiom 23.00 to 23.99, etc.

TaBLr 17 — Rr1ATioN OoF PuHYSICAL AND CHFMICAL PROPFR1IFS OF
Buiier Fat (Tnorer)

Mean

- |
samples number T at 45° per cent in::)ll(l;z)le

7 225 09101 120 2199 901 266 0
17 2335 09104 415 221 6 897 265 5
15 245 09108 415 2235 39 4 2650
27 255 09110 413 223 6 893 264 2
37 265 09113 410 2256 889 2619
51 275 09114 406 2270 887 2617
78 28 8 09118 401 2286 884 I 2609
56 295 09120 401 230 2 833 1 2596
41 305 09123 399 2317 870 | 2601
18 313 *| 09125 397 2325 870 | 92580
10 326 09130 394 232 8 877 ! 257 8

1 J Chem Soc , 1904, 85, 248
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In order to show to what extent increase of volatile acids
takes place at the expense of oleic acid, the 10dine numbers of
50 of the above samples were determined. Arranging these in
groups of 20 and 30, respectively, according to the Reichert-
Wollny values, the following average figures were obtained :

Reichert Todi Oleic acid Insoluble | Mean molecular

Wollny O {:e ele ac acid weight of

numbel nuinber per cent per cent | insoluble acids
First group 242 400 4414 896 264 6
Second group 308 324 360 881 259 8

DETECTION OF OLEOMARGARINE

b

Butter substitutes or “aitificial butters,” unless sold under
special names indicating their origin, aire collectively termed
“oleomargarine” 1 America or “margarine” m England.
The oleomaigaiine made 1n America ! consists chiefly of refined

1 The materials used 1 the manufacture of oleomargarine i the United

States during the fiscal year ending June 30, 1899 (Senate Document No 168,
57th Congress, 1st Session), were as follows

TABLE 18 — MATERIATS USED IN MANUFACTURE OF
OLEOMARGARINF, 1899

Percentagc | Value
Materal Quantity of the per Total value

whole pound

T o Pounds Cents
Neutral lard 31,297,251 34 27 8 $ 2,503,780 08
Oleo o1l 24,491,769 26 82 9 2,144,917 69
Cottonseed o1l 4,357,514 477 6 522,026 08
¢¢ Butter o1l 4,342,904 476 6 260,620 00
Sesame o1l 486,310 53 10 4,863 10
Coloring matter 148,970 16 20 29,296 00
Sugar 110,164 12 4 4,406 50
Glycerin 8,963 01 10 896 30
Stearin 5,890 007 8 459 60
Glucose . 2,650 003 3 76 650
Milk 14,200,576 15 55 1 142,005 76
Salt 6,773,670 742 1 67,726 70
Butter 1,568,319 172 PA) 313,663 80
Cream 3,627,410 386 5 176,370 50
Total 91,822,260 100 —_ $6,171,007 61
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lard, ¢ oleo o1l ” (the soft part of beef fat), and cottonseed oil,
often mixed with a small amount of butter and almost always
churned with milk or cream. Palm oil and sesame oil are
known to be used to some extent and other semi-drying and
non-drying oils are probably utilized 1 some factories.

Hence, 1n comparison with any of the common constituents of
oleomargarine, butter fat 1s characterized by 1ts high proportion
of soluble volatile acids, together with low percentages of oleic
and stearic acids. The presence of oleomargarine 1n butter fat,
therefore, lowers the Reichert-Meiss] and saponification numbers
and the specific gravity, while 1t raises the percentage of in-
soluble acids and either the melting point or the 10dine number
or both.

Several European governments require that sesame o1l be
added to oleomargarine in order to faciliate 1ts detection when
mixed with, or substituted for, butter  Simlaily, the addition
of butter to oleomargaiine 1s sometimes forbidden or restricted
m order to prevent the production of mixtures too closely
resembling genuine butter  The essential features of the oleo-
margarine laws of the principal countries aie given in Lewko-
witsch’s Oils, Fats, and Waxes.

DETECTION OF CocoNUT FAT

Since coconut fat consists largely of glycerides of saturated
acids of low molecular weight, 1t could be added 1n considerable
quantity to butter fat of average composition without causing
the latter to vary beyond the normal himits in any of the im-
portant analytical pioperties. A comparison of the Reichert-
Meissl and sapomfication numbers, however, would lead to the
detection of this adulteration since the former number 18 higher
and the latter lower in butter than in coconut fat. In pure

‘¢ Butter o1l "’ is commonly stated to be a special brand of cottonseed oil,
but the high federal tax laid upon artificially colored oleomargarine by the law
of May 9, 1902, pragtically prohibits the use of coloring matters employed before
that date and has led to the introduction of * butter oils*’ containing palm oil
which 18 naturally highly colored (Crampton and Simons J Am. Chem Soc ,
1906, 27, 270)
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butter fat the value of the factor [Sapomification number —
(200 + Reichert-Meissl number)] varies from 3.4 to—4.1, m
pure coconut fat 1t varies from 47 to 50 7.1

Another method of showing the presence of coconut o1l 18 to
determine the volume of tenth-normal alkali required to neu-
tralize the 1nsoluble volatile acids from 5 grams of fat. Under
the conditions described by Polenske 2 the results thus obtained
are approximately quantitative, the percentage of 1insoluble
volatile acids (mainly lauiic acid) being much higher 1n coco-
nut fat than in butter.
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CHAPTER X
Drying Oils

SEVERAL oils of both vegetable and animal origin (among the
latter more particularly the fish oils) contain glyceiides of
highly unsaturated fatty acids which on exposure 1n thin layers
to air readily absorb oxygen and become converted into solids.
This propeity gives rise to the term “drying” oils. A few of
the more prominent drying oils may be listed as follows -

VEGETABLE DRrRYING OILS

Linseed oil, pressed from the seeds of the flax plant, pro-
duced 1 laige quantities in North and South America, Russia,
and India, 1s the most important of the drying oils and 1s ex-
tensively used for direct application as a protective coating to
wood and metal, and 1in the manufacture of paints and varnishes,
oilcloths, linoleum, printing inks, rubber substitutes, etc.
Lewkowitsch estimates that theie weie produced in 1907,
1,200,000 tons of linseed 1 Argentina; 646.275 tons in the
United States, 450,000 tons in Russia; and 419,900 tons in
India. Linseed yields in general about 35 per cent of 1ts weight
of o1l

The seed are usually crushed between rollers, then heated to
about 160° F and pressed while warm. The o1l so obtained 1s
yellowish brown or brownish yellow and somewhat turbid from
traces of moisture and mucilaginous material, which i1mpurities,
however, gradually settle out when the off 1s stored. Oil
which has been thus purified by long standing 18 sometimes

called “tanked o1l ” A more rapid method of refining 1s to
202
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treat the o1l with 1 to 2 per cent of sulphuiic acid. This pro-
duces a charred mass which carries down with 1t the greater
part of the impurities

Botled linseed oils are made by heating linseed o1l with a
“drier,” formerly to temperatures of 210° to 260° C, now,
according to Lewkowitsch, to a temperature of about 150° C
The extent to which the analytical characters aie changed
depends upon the details of the process and the extent to which
the o1l 1s exposed to au.

Tung otl, also called Chinese or Japanese wood o1l 1s pressed
from the nuts of the tung tree. According to Ennis the use
of this o1l 1n the United States 1s steadily increasing and experi-
ments are being made with the cultivation ot the tree in Cali-
fornia. At present the o1l comes chiefly fiom China, where the
natives roast and crush the nuts and piess from them about
40 per cent of oil, which 1s only about three fourths of the
amount present. According to Lewkowitsch the oil 1s also
produced 1 Madagascar under the name of ¢ Bakoly oil ”
Tung o1l has a characteristic persistent odor which 1s not easily
removed by refimng. It 1s used largely for oilhing wood and
waterproofing paper Lewkowitsch states that while many
patents have been taken out for the substitution of tung o1l for
linseed o1l 1n manufactures, little progress has yet been made 1n
this direction

Walnut ol and poppyseed oil, while they have not such
pronounced drying properties as linseed and tung oils,
have the advantage of yielding almost colorless films which
are not hikely to crack These oils are therefore especially
adapted to use in white or delicately colored paints for
artists

Maize 0:l has not sufficient drying property to be useful as
a paint o1l but “dries” well enough to permut of its use 1n putty
It 1s also used like linseed o1l 1n making rubber substitute. It
has probably been used to some extent as an adulterant of lin-
seed ol .

Soy (s0ja, soya) bean oil 18 used to some extent in admixture
with linseed oil.



DRYING OILS 205

Fisg Oi1rs

In recent years the fish o1l industry has been much altered
through the introduction of steam trawlers and the prompt
rendering of the oil, which results in a product largely free from
the dark color and rank odor formerly regarded as characteristic
of fish oils.

Menhaden oil 18 obtained from the bodies of the menhaden, a
fish somewhat larger than a heiring, which abounds in the
Atlantic especially off the coast ot New Jersey.

Toch 1 states that menhaden 1s the best fish o1l for use in
pant and that the winter-bleached variety 1s to be preferred.
This should be fairly pale 1 color, with an 10dine number of
150 or over, and with little or no fishy odor. Such an oil,
Toch finds, may be mixed with linseed o1l even up to 75 per
cent of the mixture with good results when used for exterior
panting where 1ts odor 1s not noticeable. In fact paint made
from such a fish o1l 1s said to be more resistant to heat than a
linseed o1l pamnt and therefore preferable for smoke stacks,
boiler fronts, ete. It 1s also said to be more resistant to the
salt air of the seacoast Menhaden o1l has also been used 1n
place of linseed o1l 1n the manufactuie of enamel leather and ot
printing inks.

Japanese sardine oil, sardine oil, and herring oil have some
drying property aund ate used to some extent as partial sub-
stitutes for, or adulterants of, linseed o1l

LINSEED OIL

ANALYTICAL PROPERTIES OoF LINSEED OIL

Commercial linseed o1l 1s usually dc~ignatcd by the region of
itsorigin It varies considerably, the variation being due mainly
to the presence of foreign seeds 1n the hinseed at the time of
pressing  Hempseed 1s practically always present, sometimes
in very small proportions but often to the extent of 5 per cent,
or more, of the weight of seed. The drying properties of ln-

1J Ind Eng Chem , 3, 627
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seed o1l are better the purer the seeds fiom which 1t 1s pressed.
The 10dine number and the drying power of the o1l decrease as
the proportion of hempseed increases Hence a linseed o1l con-
taining much hemp o1l would be shown to be of inferior quality
by 1ts low 10d1ne number, but could not be pronounced adulterated
so long as this did not fall below 170 The maximum 1odine
number of linseed o1l 1s difficult to fix, since the results obtained
by the method of W1js often exceed the Hubl numbers, but since
no other common o1l has a higher 10dine number than linseed,
the maximum limit 1s of hittle practical importance in the detec-
tion of adulterations

The usual range of the more important analytical constants
of linseed o1l has been given in the table at the end of Chap-
ter VIII. The interpretation of ¢ constants,” their relations to
each other, and their use 1n the detection of adulterations having
been discussed m some detail in connection with the exam-
mation of salad oiis, 1t will be sufficient 1n this case to mention
briefly the principal adulterants with means for the detection
of each, and describe the hexabromide test which distinguishes
Linseed from practically all other oils.

ADULTERANTS AND METHODS OF DETECTION

Mineral Oil

Mineral o1l would greatly lower the 10dine number, tempera-
ture reaction, and saponification numbeir. Whenever a low
saponification number 1s found, the unsaponifiable matter should
be separated and examined. Any mineral oil which 1s not
volatile at 100° can be separated quantitatively, dried, and
weighed. Volatile mineral o1l can be distilled by means of a
current of steam, separated from water in the distillate, and
measured or weighed. In case turpéntine were present, as in
some so-called “boiled ” oils, 1t would be distilled with steam
and would separate from water in the distillate in the same
way. The optical rotatory power of turpentine affords an
easy means of distinguishing 1t from benzine or other volatile
mineral oil.
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Rosin and Rosin Oil

Rosin dissolved 1n linseed o1l raises the specific gravity and
mdex of 1efraction while the saponification and 10dine numbers
ate appreciably decreased only when laige amounts of rosin are
added. Presence of rosin greatly increases the acid number,
which 1n pure linseed o1l 1s usually less than 7. Rosin acids can
be separated and determined by Twitchell’s method as described
under soap analysis beyond.

Rosin o1l 1n linseed o1l would raise the specific gravity and
greatly lower the saponification and 10dine numbers. Rosin o1l
18 a mixture of substances many of which are unsaponifiable, so
that 1ts piesence 1n linseed o1l would 1ncrease the amount of
unsaponifiable matter.

Either rosin or rosin o1l can be detected by the Liebermann-
Storch color reaction or by determining the biomine substitution
number.

Lrebermann-Storeh Reaction. — Shake 2 cc. of the o1l with 5
cc of acetic anhydride, waiming gently Allow to cool, draw
off the anhydride, and test by adding one drop of sulphuric acid
(1 1) A violet color (not permanent) 1s produced in the
presence of rosin or rosin o1l.  Cholesterol, wlhich might be found
in linseed oil 1f fish o1l were present as an adulterant, gives a
similar color reaction.

Bromine Substitution Number (Mcllhiney). — Fatty oils take
up bromine by direct addition, little or no substitution taking
place. With rosin and rosin o1l much the greater part of the
bromine 1s taken up by substitution, a molecule of hydrobromic
acid being formed for each molecule of bromine which disappears.
The hydiobromic acid thus affords a means of measuring the
amount of substitution. It 15" determined by adding an excess
of potassium 10date and titrating the Iiberated 10dine. The same
apparatus can be used as in the determination of the 1odine
number and the manipulation 18 stmilar. Fiom 0.2 to 0.3 gram
of the drying o1l 1s dissolved 1n 10 cc of carBBon tetrachloride
and 20 cc. of a one third normal solution of bromine 1n carbon
tettachloride 1s added. After two minutes potassium 10dide 1s



208 METHODS OF ORGANIC ANALYSIS

added and the excess of halogen titrated by means of thiosul-

phate as 1n the determination of the 10dine number. This shows

the total amount of bromine which has disappeared As soon

as this titration 18 finished, add 5 ce. of a 2 per cent solution of

potassium 10date and titrate the 1odine set free from the 10date

by the action of the free halogen acids, according to the reaction:
6 HI + K10, =381, + KI + 3 H,O.

The bromine thus found 1s equal 1n amount to that which has
combined with the sample by substitution. For further details
of manipulation the reader must be referred to the orniginal
papers 1 According to Mcllhiney the biomine substitution
number of raw or boiled linseed o1l 1s always less than 7, while
rosin o1l gives numbers from 40 to 100 and rosin from 65 to 80

Marze Ol

The presence of maize o1l 1n linseed o1l lowers the specific
gravity, index of refraction, 1odine number, and temperature
reaction The amount which can be added without carrying
these numbers below the normal limits of variation will depend
upon the quality of the linseed o1l in the mixtuie. Since the
maize oil used as an adulterant of linseed would probably not
be highly 1efined, the characteristic odor and taste would aid 1n
1ts detection.

Cottonseed Oil

The ¢ constants” of linseed o1l would be lowered by cotton-
seed 1n the same way as by maize o1l and to a somewhat greater
extent. If the cottonseed o1l had not been heated, 1ts presence
would be detected by the Halphen test as described under
salad o1ls.

Fush Oils

Menhaden and other fish oils are often used as adulterants,
and are difficult to detect with ceitainty since their “constants
are frequently within the limits.found for pure linseed oil.
Their presence 1s often indicated by the odor, but this cannot
be relied upon, as the differtence 1n odor between refined men-

1 McIthiney J Am Chem Soc , 1894, 16, 275, 1899, 21 1084, 1902, 24,
1109 See also Tolman Ibud , 1904, 26, 826.



DRYING OILS 209

haden and low grade Linseed o1l 18 not so pronounced as might
be supposed. Lewkowitsch recommends the determination of
the melting pomnt of the phytosteryl acetate obtained from the
o1l  The crystals of phytosteryl acetate from pure linseed o1l
melt at 128°-129° (Bomer and Winter), while in the presence of
cholesterol from fish o1l much lower melting points are obtained
The method of Eisenschiml and Copthorne, as adopted by the
Association of Official Agricultural Chemists, for the detection
of fish oil 1n the presence of vegetable oils 1s as follows.

Dissolve 1n a test tube about 6 grams of the o1l 1n 12 cc. of a
mixtwe of equal parts of chloroform and glacial acetic acid.
Add bromine drop by drop until a shght excess 1s indicated by
the color, keeping the solution at about 20° C  Allow to stand
15 minutes or more and then place the test tube in boiling
water If only vegetable oils are present, the solution will be-
come perfectly clear, while fish oils will remain cloudy or con-
tain a precipitate due to the presence of insoluble bromides.

This method 1s based on the fact that the bromides of the
vegetable oils, although they may be precipitated abundantly
n the cold, will be completely soluble in the mixtuie of chloro-
form and glacial acetic acid when heated as described in this
test Boiled linseed o1l containing metallic dilers cannot be
tested by this method unless the metals are first removed.

This method of Eisenschiml and Copthoine 1s evidently an
outgrowth of the “hexabromide ” test of Hehner and Maitchell,
the description of which follows.

“ HEXABROMIDE” TEST

Hehner and Mitchell ! showed that linseed and fish oils differ
from other oils in yielding considerable quantities of insoluble
bromides when treated with bromine i ether solution. They
applied the test directly to the o1l as follows-

Dissolve 1 to 2 grams of oil 1n 40 cc. of ether acidulated with
glacial acetic acid, cool the solution to 5° and add bromine,
diop by drop, until the solution 1s permanently® colored brown.

1 Analyst, 1898, 23, 310 Also Mitchell in Allen’s Commercial Organic
Analysss, 4th Ed , Vol II, p 28

P
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After standing for at least 3 hours, preferably in an 1ce box,
filter through a Gooch crucible, leaving most of the precipitate
in the vessel 1n which 1t was formed, wash 4 times with 1ce-cold
ether, dry the precipitate at 100°, and weigh.

Linseed oil yields 23 to 38 per cent (usually about 25 per
cent) of the insoluble bromide, the amount increasing with the
10dine number of the o1l  Some of the fish oils yield equal or
greater amounts, but tung, poppy, and walnut oils, and such
seed o1ls as maize and cottonseed, yield almost none — according
to the figures compiled by Lewkowitsch never over 2 per cent

Mitchell regaids the products precipitated in these tests as
bromides of mixed glycerides containing one radicle of linolenic
acid (or an 1someric acid), and states that the msoluble bronude
from linseed o1l contains about 56 per cent of bromine and melts
at 143.5° to 144° whereas the coiresponding bromides from
marine animal oils decompose before melting so that even small
amounts of such oils 1n linseed o1l can be detected by this test.

Lewkowitsch 1ecommends that the test be applied to the
mixed fatty acids rather than to the oil itself. In the separa-
tion of the acids care must be taken to avoid oxidation by ex-
posure to the air. The mixture of fatty acids from linseed o1l
yields 30 to 42 per cent of hexabromide, melting to a clear hiquid
at 175° to 180° whereas the corresponding products from fish,
Liver, and blubber oils do not melt at this temperature but be-
come darker and are completely blackened at about 200°.
Lewkowitsch states that this test 1s capable of <howing the
presence of 10 per cent of fish o1l in linseed o1l.

For further discussion of this test see the papers just cited
and also Proctor. J. Soc. Chem Ind , 25, 798 (1906).

OILS ALTERED BY AGE OR OXIDATION

It has been assumed 1n discussing the analytical ¢ constants
that the oils under examination are fresh or have been kept
under such conditions as to prevent any material alteration.
Age alone probably has no appreciable effect upon the analyt-
1cal properties of commercially puie fatty oils, but such oils
when kept for a long time in contact with the air, for example,
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in partially filled or loosely stoppered vessels, take up atmos-
pheric oxygen and gradually become considerably altered in
those properties which are commonly regarded as ¢ constants ”
This atmospheric oxidation naturally takes place much more
rapidly with drying than with non-drying or semm-diying oils,
and 1n open vessels than in those 1 which the o1l is exposed to
only a limited amount of air It 1s probable that oils which
have been thus altered are more fiequently encountered in
analytical work than has been supposed

The 1nfluence of such oxidation apon the moie important
analytical properties 15 to 1ncrease the specific gravity, index
of refraction, and temperature 1eaction with sulphurie acid,
and to deciease the 10odine number, the specific refractive
power,! and, 1n the case of olive oi1l, the viscosity of the soap
solution. The acidity of the o1l may increase at the same time,
but this change does not always occu

The following results were obtained upon oils intentionally
exposed to the air, and while large as compared with the changes
which should occur under ordinary conditions of laboratory
storage, they do not 1epresent the maximum change which may
result from atmospheric exposure

Tasrr 19 — Errrers or Exrosure or OI1Ls To AIR

Todi Sp Gr Index of | Specific | Specific
o1l odine 1550 refraction | refractive | LRPera-

number 15 h° at 15 "° nower ture

r reaction
Olive o1l before exposure 838 0 9165 14712 0 5141 100
Same after exposure 73 0 9240 14722 0 5100 1272
Lard o1l before exposure . 733 0917 14697 05122 106
Same after exposure 56 2 0 %43 14724 0 5010 141
Cottonseed o1l before exposure 105 2 0923 14737 05132 171
Same after exposure 9 2 0939 14779 | 05090 2172
Linseed 01l before exposure 1771 0934 14835 0 5177
Same after exposure . 136 9 0 969 1 4880 0 5042
V-1

1 Calculated by Landolt’s formula D (Ber , 1882, 1541031), in which ¥

18 the index of refraction and D 1s the specific gravity
2 These numbers were determined earlier than the other data and presumably
represent a lesser degree of change
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Many other oils have been tested with similar results. It 1s
evident that oils thus altered are very likely to be misjudged,
especially 1if only one or two quantitative determinations are
made. Thus 1if only the specific gravity and temperature 1e-
action of the olive o1l had been determined, the results would
have been interpreted as mndicating the presence of some seed
oil. The 10dine number of the linseed o1l taken alone would
indicate extensive adulteration with some oil of lower drying
power. The results emphasize the importance of determining
the 10dine number and either the specific gravity or the index
of refraction 1n all cases, and show the advantage of determin-
g the temperature reaction, not as a substitute for the 1odine
number but for comparison with it. For a fuller discussion of
this subject with the results obtained upon a number of other
oils the reader 1s refeired to two papers in the Journal of the
American Chemacal Society (July, 1903, and May, 1905).

As the result of this work 1t appears that the mncrease in
specific gravity and the dectease in 10dine number are almost
exactly proportional to each other in non-dryimng and semi-
drying oils, so that in examining an altered oil belonging to
either of these classes the original 10dine number can be esti-
mated by adding 0.8 to the number found on the exposed
sample for each increase of 0.001 in the specific gravity.
When the original specific gravity 1s not known, the calculation
must be based upon the average specific gravity for oil of the
species under examination. The error of this assumption can
hardly be sufficient to affect the interpretation of the results.

The 10dine numbers of exposed samples of linseed and fish oils
cannot be corrected accurately by the rule given for semi-drying
and non-drying oils, the number thus obtained being always too
low. It hasalso been found that when linseed oil 1s thus changed
by atmospheric oxidation the amount of insoluble bromide which
it will yield in the hexabromide test 1s greatly reduced.

Commercial “blown” oils show greatly increased specific
gravities and debreased iodine numbers; the changes appear to
bear much the same relation to each other as in the oils which
have been altered by exposure.
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«UNKNOWN” OILS AND MIXTURES

In the examination of an unknown oil the appearance, odor,
and taste should be compared with those of typical oils of
known purity. In testing transfer a drop of the oil by means
of a glass rod to the back of the tongue and note both the first
mnpression and the after taste. The odor may be observed not
only cold, but also after heating a portion in a porcelain dish to
140°~150°. Also after cooling sufficiently pour a few drops of
the o1l into the palm of one hand, rub with the other and smell
agamn. These preliminary superficial observations and the
determination of the 1odine and saponification numbers and
either the specific gravity or the index of refraction should
locate the sample as one of a small group of oils, after which
any special tests available for the detection of individual mem-
beis of the group can be applied. The tests described in this
and the preceding chapter taken 1n connection with the quanti-
tative determinations mentioned enable the analyst, in the
majority of cases, to identify the oil or, 1if a mixture, the prin-
cipal constituent. In case of doubt one should not fail to
consult the larger works, especially Lewkowitsch’s Ouls, Fats,
and Waxes.

If a saponification number indicates that only fatty oil is
present, but the relation of the specific gravity to the iodine
number does not correspond to that ordinarily found in any
pure o1l, the determination of the specific temperature reaction
and the acidity will usually show whether the discrepancy 1s to
be attributed to oxidation or adulteration.

The relative commercial value will of course determine what
oils can profitably be used as adulterants. Prices vary greatly
in different markets, as well as with the degree to which the
oils are refined, and are also likely to fluctuate from year to
year so that no fixed order of commercial value can be given.

'The list of oils 1n order of commercial value given by Gull
and by Lewkowitsch show considerable vaiiation, which doubt-
less is due largely to the differences betweem American and
Englhsh markets. In each of the lists the highest-priced oils
are given first.
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Gill. — Almond, castor, sesame, neatsfoot, rape, olive, sperm,
whale, peanut (arachis), linseed, tallow, laid, fish, cottonseed,
mineral, rosin oil.

Lewkowitsch -— Almond, sperm, olive, neatsfoot, lard, cod
liver, arctic speim, arachis, poppy, sesame, seal, rape, castor,
cottonseed, maize, linseed, whale, fish, mineral, rosin oil.

In the examination of mixtures containing other than fatty
oils, 1t may be necessary to separate the mixed fatty acids and
examine this mixture 1n order to identify the fatty oils origin-
ally present. The *constants” of the mixed fatty acids of
various oils, as well as of many oils and fats not mentioned m
this work, are conveniently tabulated in Lewkowitsch’s Lab-
oratory Companion to the Fat and Oil Industries.
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CHAPTER XI
Petroleum and Lubricating Oils

THE petroleums from different localities vary considerably
both 1n the hydrocarbons of which they are chiefly composed
and 1n the amounts of mtrogen, sulphur, and oxygen com-
pounds present. The Appalachian field, which includes the
oil regions of Pennsylvania, New York, West Virgima, Ken-
tucky, and southeastern Ohio, yields petioleum consisting
clhuefly of paraffin hydrocarbons —of which all the members
of the series from CH, to C,;Hj,, as well as C,;H,,, C;;H,,, and
CgoHgqy have beem shown to be present —together with small
amounts of the olefines and traces of the hydrocarbons of the
benzene and napthene series. This 1s generally considered
the best grade of petroleum produced in large quantities It
contans very little sulphur (between 0 05 and 0.1 per cent)
practically no asphaltic matter and i1n refining gives good
yields of gasoline, 1lluminating oils, and paraffin wax.

Oils fiom the middle western, Texas, and California fields
now produced in much larger quantities than Pennsylvama
petroleum, contain 1n general a somewhat lower proportion
of the paraffin hydrocarbons, and larger percentages of the less
desirable or undesirable constituents.

For descriptions of the composition of petroleum oils refer-
ence may be made to the works cited at the end of the chapter
and particularly to a series of papers by Mabery in the ¢Pro-
ceedings of the American Academy of Arts and Sciences,”
Vol. 32, and subsequently.

EXAMINATION OF CRUDE PETROLEUM

An examination of crude petroleum may consist of a few
sumple tests or an elaborate investigation both by analytical

o110
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methods and a laboratory imitation of actual refining processes,
according to the importance of the case and the judgment and
experience of the chemist. We shall consider here only a few
factors of the superficial examination and fractional distillation.

A sample of petroleum as received at the laboratory may
contain watel, either naturally or because of having been put
into a wet bottle. It should be allowed to stand so that any
water may settle out as completely as possible before making
any tests. If any water or sediment appear on standing, de-
cant the o1l and then pass 1t through a dry filter. In some
cases 1t will be desirable to make a quantitative determination
of the moisture and of the sediment.

Note the color and general appearance of the o1l in a stand-
ard 4-oz. sample bottle. With experience the odor 1s also
of much assistance 1n mdicating the general character of the
sample

The density of the sample 1s usually taken with a delicate
hydrometer reading either 1n specific gravity or degrees Baumé
In the o1l trade the latter 1s more common, and the relation be-
tween specific gravity and Baumé density becomes a matter of
1mportance.

In the past the different manufacturers of Baumé hydrom-
eters have given many different values to the Baumé scale.!
Recently the U. S. Bureau of Standaids has defined the value
of the Baumé scale (for liquids highter than water) in terms of
spectfic gravity as follows .

Degrees Baumé = 140 = — 130.

Specific gravity T

The same value was adopted by the Manufacturing Chemists’
Association of the United States in 1903. Hydrometers pur-
porting to read degrees Baumé should not be used unless they
have been graduated in strict conformty with this scale.

In the absence of a sufficiently accurate and delicate hydrom-
eter the specific gravity should be determindd by means of a

1Chandler The Baumé Hydrometers Memoirs of the National Academy of
Sciences, Vol III (1881)
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pyknometer or a good Westphal balance. The results obtained
may then be converted to Baumé (if desired) by means of the
above equation

In routine work 1t 1s customary to use a Baumé hydrometer
with Fahrenheit thermometer attached and add or subtract 0 1°
from the Baumé reading for each degree Fahrenheit below or
above 60°.1 When accuracy
18 desired, the density should
be observed at the standard
temperature so as to avoid
the necessity for tempeia-
ture corrections.

As a rough preliminary
indication of the purposes

' 1 for which the crude petro-
%‘? leum may be useful, 1t 1s
: often submitted to an Engler

dustillation test, 1n which
100 cec of the oil are placed
m a distilling flask of the

- size and shape specified by
. Engler (Fig 13) and sub-
' mitted to distillation, heat-
ing first over a wire gauze
and then with a free flame
with care to avoid drafts.
The top of the thermometer
bulb should be on a level
with the bottom of the opening 1n the neck of the flask. Raise
the temperature carefully (especially when 1n the neighborhood
of 100°, as here drops of water may condense on the thermometer
bulb and fall back upon the hot o1l, producing small explosions
which may endanger the experiment?) and at such a rate as to dis-
t1ll over as nearly as possible 2} cc. per minute ' When the ther-

R - B

B X s

1
1
PR -

F16. 13 —Diagram of Engler distillation flask

€
1 Better results are obtained by the use of the correction table given m
Taglhiabue’s Manual for Inspectors of Coal Oil
2 Water should be removed 1n advance by settling as described above.
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mometer registers 150° C., remove the flame and allow the
temperature to fall 20°, and then heat again to 150°, cool again,
and repeat as long as any distillate 18 obtained below 150°.
Then raise the temperature and collect separately the second
distillate, which 1s usually that obtained between 150° and 200°,
the distillation being conducted in the same way as before.
Similarly collect and measure the distillates between 200° and
250°, between 250° and 300°; and finally all above 300° until
nothing but coke 1s left in the flask.

In order that the heavier portions may not undergo loss by
hardening 1 the cold condenser tube, Low suggests that the
water be drained fiom the condenser after the boiling point
passes 200°,

Usually the three fractions collected between 150° and 300°
are added together as an indication of the ‘illuminating o1l,”
while that below 150° 1s taken as an indication of the
“naphtha,” and that above 800° the “lubricating oil,” obtain-
able from the sample.

G'ray’s method for oils of the Pennsylvama type consists in
distilling from 2 to 4 liters of the crude o1l by means of outside
heat and a current of steam, collecting the dustillate 1n fractions
each of which 1s 1 per cent (by volume) of the sample. The
Baumé density of each fraction 1s observed as the distillation
proceeds. All fractions 1eading over 57° Baumé (lighter than
0.7487 specific gravity) are added together as “naphtha”; those
between 57° and 43° B. (0 7487 to 0 8092 specific gravity) as
“illuminating ools” ; and all the distillate from this point until
18 per cent of the o1iginal oil remains in the still as ¢heavy
digtillate,” the residue being ¢ steam refined cylinder stock”
unless the petroleum was of the asphaltic type.

Interpretation. — It 1s to be remembered that the competent
petroleum expert uses these fractional distillations only as one
factor in the detailed examination upon which to base a final
opmmon of the industrial possibilities of a crude petroleum.
Much depends upon the character of the differunt fractions and
their adaptability to further refining.

Petroleums are sometimes spoken of as having a “paraffin
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base” or an ‘“asphalt base,” according as the heavier hydrocar-
bons are solid paraffins or asphaltic substances. A pronounced
example of either type may be recognized by the examination
of the heavier fractions or residue obtained 1n a fractional dis-
tillation, but since the introduction of the middle western oils
and those from northern Texas, there 1s no shaip dividing line
between the paraffin and asphaltic base crude oils, many oils
yielding both asphaltic material and paraffin wax. When the
refining process 1s a destructive distillation, the asphaltic mate-
11al may be broken up by “ciacking” mto fuel oil, lubricating
o1l, etc., and the paiaffin wax recovered, but if the process 1s
one of steam distillation, the residue being utilized for cylinder
stock, the asphaltic matter 1s detrimental to the quality of the
cylinder stock obtained.

The question sometimes arises whether a given sample 1s a
genuine crude o1l or a mixture of fractions of lesser commercial
or refiming value In such cases 1t 18 usual to distill, collect-
ing the distillate 1n fractions each one tenth (by volume) of
the sample taken, and determine the density of each A regu-
lar gradation of densities in the fractions 1s an indication of
genuineness of the oil.

EXAMINATION OF LUBRICATING OILS

A thorough examination of lubricating oil involves: (1) the
determination of the natuie of the oil and, if 1t 1s a mixture,
the proportion of each constituent, (2) tests to determine the
efficiency and safety of the o1l as a lubricant with special refer-
ence to the conditions of temperature, pressure, etc., to which
it will be subjected 1n use = Among the more important prop-
erties of lubricating oils which can be measured in the labora-
tory are specific gravity, viscosity, acidity, or alkalinity, the
temperature at which the oil sohdifies, the flashing and buin-
ing points, asphaltic matter, and freedom from grit or other
objectionable infpurities The usefulness of other deteimina-
tions will depend upon the purposes for which the oil 1s
intended.
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DETERMINATION OF CONSTITUENTS

Pure fatty and mineral oils are largely used as lubricants,
both singly and mixed with each other in all proportions.
Other substances are, however, often added to 1increase the vis-
cosity of the oil, among the most common being « gelatin oils”
containing aluminium oleate or other soaps. A better but more
expensive means of increasing viscosity 1s to use castor oil or a
“blown ” o1l.

In beginning the examination of a lubiicating oil, note care-
fully any color, odor, turbidity, or fluorescence which may aid
m identifying the o1l or detecting foreign substances. The
presence of soap 1s casily shown by burning a weighed portion
of the oil, as 1efined fatty and mineral oils should not yield
over 0.05 per cent of ash. Rosin o1l can be detected by the
Liebermann-Storch reaction.

Qualitative test for saponifiable o0l 1s conveniently made by
the Lux-Ruhemann method as follows 1 Put 3 to 4 cc. of the
ol to be tested in a dry test tube, add a small piece of sodium
hydroxide, or (better) metallic sodium, and heat 1n a paraffin
bath for 15 minutes at 230° C 1n the case of pale-colored, or
250° C. 1n the case of dark-colored or eylinder oils. On re-
moving the tube fiom the bath and allowing 1t to cool, the
presence of saponifiable o1l 1s 1ndicated by the partial or com-
plete gelatimzation of the contents of the tube or by the appear-
ance of a soapy froth on the surface.

After making these preliminary observations the sapomfica-
tion number should be determined unless the sample 1s a puie
mineral oil. In saponifying mixtures consisting largely of
heavy mineral o1l there 1s difficulty 1n securmng sufficient con-
tact between the sample and the alcoholic potash solution even
though petroleum ether or gasoline be added In such cases a
Soxhlet extractor can be placed between the flask and the re-
flux condenser.2 The intermittent syphoning of the condensed
solvent fiom the extractor into the saponification flask mixes

1J, Soc Chem Ind,12,470 Archbuttand Deeley Lubrication and Lubri-

cants, p 209
2 Conradson J Am. Chem Soc, 1904, 26, 672
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the contents and facilitates sapomification. In order to dimin-
1sh the volume of solvent requued and the interval between
stirrings, the body of the extiactor 1s partially filled with glass
beads Having found the saponification number (Chapter VIII),
if the sample appears to be a mixture, the proportions of saponi-
fiable and unsaponifiable matter are found either by separating
and weighing the latter, or by estimating the former from the
amount of fatty acids recovered from the soap solution after
saponification

DETERMINATION OF UNSAPONIFIABLE OILS

Weigh 1 to 5 grams of o1l (depending upon the sapomfication
number and the method to be followed), saponify by heating
with alcoholic potash on a water bath,! evaporate off the alco-
hol, and separate the unsaponifiable matter by one of the follow-
mg methods

Method of Immiscible Solvents — To the residue from the
evaporation of alcohol add 75 cc of water, stir thoroughly,
transfer to a separatory funnel, add about an equal volume of
petroleum ether or washed ethyl ether, close the funnel, shake
vigorously, and allow to stand over might or until the aqueous
and ethereal solutions separate completely  Diaw off the
aqueous layer into another separatory funnel; wash 1t again
with ether and the ethereal layer again with water; repeat if
necessary  Finally unite the ether solutions 1n a weighed flask,
distill oft the ether, and dry the unsaponifiable o1l to constant
weight 1n a boiling water oven.

If desired, the fatty acids can be recovered from the aqueous
soap solution by adding an excess of mineral acid and shaking
with ether o1 by separating the fatty acids as in soap analysis.

The principal objection to the separation by immiscible sol-
vents 1s that emulsions frequently form 1n the separating funnel
which remain even on standing for a day or more. The addi-
tion of 1 to 2 cg. of aleohol often helps to break the emulsion,

1 See also the method involving cold sapomification given by Fahrion Z.
angew Chem , 1898, 267
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but 1f more alcohol 1s added 1t tends to carry soap into the
ether layer. The separation of the solvents 13 also facilitated
by chilling the funnel and twirling 1t gently, or, if the apparatus
1s available, by whirling in a centrifuge. Petroleum ether dis-
solves less soap than ethyl ether and gives less troublesome
emulsions, but does not always extract the unsaponifiable mat-
ter completely

Extraction of the Dry Soap — To avoid the difficulties just
noted the following modification of the method recommended
by A. C. Wright! may be used Sapomfy 2 to 4 grams of
o1l, using 2 grams of caustic potash, after evaporating off the
alcohol, add 8 grams of sodium bicarbonate and 10 cc. of pure
methyl alcohol, stir well and evaporate, add 5 cc. more of
methyl alcohol and 10 grams of precipitated chalk, mix well,
dry on a water bath and then for a few minutes at 110°.
Transfer the thoroughly dried mixture quickly to a Soxhlet
extractor and extract the unsapomfiable matter with petroleum
ether D1y the extract to constant weight in a boiling water
oven and weigh.

The mixtuie of calcium carbonate and soap from which the
unsaponifiable matter has been extracted can be treated with
hydrochloric acid to dissolve the carbonate and liberate the
fatty acids, which can then be separated and examined further.

ESTIMATION AND IDENTIFICATION OF Farry OILS

From the weight of fatty acid recovered as described above,
the percentage of fatty o1l can be calculated on the assumption
that the o1l yields 95 per cent of insoluble fatty acids. The
result thus found serves as a check upon the determination of
unsaponifiable oil.

It only fatty and mineral oils are present and the percentage
of the former 1s small, 1t can be estimated with sufficient ac-
curacy for most purposes from the saponification number, since
the fatty oils which are hikely to be present 1n anixed lubricants
do not vary greatly in their saponification numbers. See table

1 Analysis ot O1ls and Allied Substances, p. 111.
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at end of Chapter VIII. If the fatty o1l 1s 1dentified, the aver-
age number for that species of oil should be used 1n estimating
the percentage.

If the lubiicant consists entirely of fatty o1l with a known
small amount of 1nert unsaponifiable matter, the usual methods
for the 1dentification of fatty oils can be employed  Otherwise
the 1dentification 1s based upon the examination of the separated
fatty acids.

ViscosiTy

Apparatus and Methods

The viscosity of an oil can be determined either by measur-
ing the 1esistance which 1t offers to the movement of a sub-
merged solid, o1 by observing the 1ate at which 1t flows through
an aperture under given conditions of temperatuie and pressuie.
Torsion viscosimeters, such as that of Doolittle, depend upon
the first principle; but those depending upon the measurement
of the rate of flow are much moie generally used  Viscosime-
ters of this kind are made 1n a great variety of forms, for de-
scriptions of which the 1eference books at the end of the chapter
can be consulted. Among the viscosimeters most commonly
used are those of Engler, Redwood, and Saybolt.

The Engler viscosimeter 18 probably moie widely used the
woild over than any other form. It has long been regarded as
the standard nstrument 1n Germany, and has now been adopted
in the United States goveinment specifications, and by the
American Society for Testing Materials.

It consists of a cylindrical reservoir with concave bottom, 1n
the center of which 1s a capillary outlet. The reservorir 1s of
brass, sometimes gold-lined, 1s surrounded by a water or oil
jacket, and provided with a cover through which passes a ther-
mometer for taking the temperature of the oil and a plug which
closes the outlet. In testing an oil, 240 cc. are poured 1nto the
reservolr, and should fill 1t to the points of the studs which
serve to indicatt the correct leveling of the apparatus. The
reservoir 18 then covered, the temperature regulated, and finally
the plug 1s withdrawn, and the time required for the outflow of
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200 cc. 18 carefully noted. The time in seconds required by
the o1l divided by that required by water at 20°C. 1s taken as
the Engler viscosity number. Unless the o1l 1s too viscous, or
for sume other 1eason a higher temperatuie 1s desired, 1t should
be tested at 20° C  In any case the temperature should be
stated m reporting results. The instrument must be very
carefully cleaned and diied before and after using, as any trace
of o1l around the outlet
will 1interfere with the
flow of water, and wvice
versa.  Scrious  errors
may also be caused by
dust, gnt, or scratches
about the outlet. The
tune of flow of 200 cc
water fiom the Engler
viscostmeter  should  be
fiom 51 to 53 seconds
The “normal apparatus ’
15> made according  to
stiiet specifications, and
18 carefully standardized
by the German officials
Iigure 14 shows a sec-
tion of the apparatus - —
which A 1ep1esents the Fic 14 —Iagram of Engle1r viscosimeter
Fiom Lewkowitsch’s Oils, Fats, and Waxes

o1l cylinder, B the outer (Macmllan and Co )
bath o1 jacket, C'the flask
marked at 200 and 240 cc. which seives both to measure the
o1l for the test and to receive 1t as 1t flows from the capil-
la1y, & the plug, t the thermometer, D the tiipod support, and
d the 1ng burner, which 1s used only when making tests at
temperatures above that of the room. The correct dimensions
of the apparatus are also indicated on this cut

Redwood’s viscosimeter, which has been largel® used in Great
Britain, consists of a cylinder about 4.7 cm. 1n diameter and
8.7 cm. Iugh, having 1n the center of the bottom a cup-shaped

.
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agate jet which can be closed by means of a spherical plug.
Inside the cylinder 1s a small fixed bracket of thick bent wue
with an upturned point to indicate the height to which the o1l
should extend at the beginning of the test The apparatus 1s
jacketed and provided with a closed side tube and a revolving
stirrer so that determinations can be made at high temperatuies
if desired The appaiatus 1s intended to deliver 50 ce. of
water at 15.5° in 25 5 seconds, but as the rate of flow 1s 1n-
fluenced by many conditions, 1t must be determined by each
observer for his own appaiatus and method of woiking.

To use the apparatus at room temperature place 1t on a level
support, 1nseit the plug, and fill with the hqud to be tested
until the suitace comes exactly to the upturned pomnt already
mentioned. Place bencath the outlet a nariow-necked flask
graduated at 50 cc , open the jet by hitting the ball valve, and
.observe the time 1equred for 50 cc to flow into the 1eceiving
flask. Whatever method 1s adopted for expressing the 1esults,
the report should always show the actual time of flow for the
ol and for water and the temperatuwie at which the test was
made The same precautions should be taken with this as with
the Engler apparatus.

For a desciiption of Saybolt’s viscosimeter consult Gill's Ol
Analysis.

Signmaficance of Results

Since the object of lubricating with oil 1s to scpaiate the
moving surfaces by a flud layer, 1t 1s important that the oil
have sufficient viscosity or “body” to stay in place and keep
the moving suifaces apait under the maximum piessure to
which they will be subjected The greater the pressure the
more viscous the ol should be, but any viscosity beyond that
which 1s necessary to keep the o1l in place means an increase
of flud friction and consequent loss of power. The viscosity
of the o1l 1s, therefore, the most direct indication of 1ts suita-
bility as a lubrfeant under given conditions. For several rea-
sons, however, the viscosity alone 1s not a conclusive measure
of the lubricating power. The adhesion to solid surfaces which
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prevents the displacement of the o1l by pressure 1s not always
durectly proportional to the true viscosity or internal friction.
Oils vary greatly in the rate of change of viscosity with in-
creasing temperature and pressure. The viscosity as measured
by the rate of flow depends not only upon the internal fiiction
of the oil, but also to some extent upon 1ts adhesion to the sides
of the outlet and upon the specific gravity. Hence, 1t 18 not to
be assumed that any two oils having the same viscosity can be
used interchangeably as lubiicants. In order to duplicate an
o1l which has been found satisfactory in use, the kind of oil, the
specific gravity, and the viscosity at least, should be specified.
Viscosity 1s especially impoitant in dealing with mineral oils
because of the ease with which they can be varied in this re-
spect, while any paiticular kind of fatty o1l varies only within
compatatively narrow limits  For a full theoretical discussion
of viscosity and lubrication, the work of Archbutt and Deeley
should be consulted. The 1eader must also be 1eferred to
this and other books and articles given below, for discussion of
the many practical considerations affecting the selection of
lubricating o1ls

Mized ols do not always show the viscosities which would
be expected fiom the propoitions and viscosities of the con-
stituents of the mixture In other woids, viscosity 1s not an
additive property in o1l mixtures In mixtuies of oils whose
viscosities are similar, the discrepancy between the estimated
and observed viscosity of the mixture may not be apparent,
but where oils of widely different viscosities are mixed, the
discrepancy may be considerable.

Sherman, Gray, and Hammerschlag ! 1n a series of experiments
with nine sets of mixtures found that the observed viscosity of
the mixture was lower than the calculated value whether the
mixture was that of two mineral oils, a mineral and a fatty oil,
o1 a mineral o1l and sperm oil; and 1n general, the greater the
difference 1n viscosities between the oils mixed, the greater was
the difference between the calculated and observed viscosity
numbers of the mixtures In a typical case a series was pre-

1J. Ind Eng. Chem , 1, 13.
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pared, consisting of mixtures in tenths by weight of a high
viscosity lubnicating oil (“ H”) and a low viscosity lubricating

oil (“L""), both made from Pennsylvania petroleum. The pure
oils and mixtures tested as follows:
ExGirr ViscosiTies AT 20°C

Calculated Found Difference
High viscosity o1l (*H’) — 2556 —
90 per cent ““ H,” 10 per cent “L ™ 23 41 20 04 337
80 per cent * H,” 20 per cent “L " 2197 16 25 502
70 per cent ¢ }1.” 30 per cent « L. 19 12 1337 575
60 per cent < H,” 40 per ceut “« L~ 16.97 1090 6 07
50 per cent ¢ H,” 50 per cent “ L™ 14 83 9014 379
40 per cent “ H,” 60 per cent “L " 1268 769 499
30 per cent “ H,” 70 per cent “ L~ 10 5t 638 116
20 per cent ¢ H,” 80 per cent “ L.~ 8139 552 287
10 per cent * H,” 90 per cent “L ’ 621 4 67 157
Low viscosity o1l (“ L ™) — 410 —

In every case the viscosity of the mixture was less than the
value obtained by calculation from the percentages and viscosi-
ties of the constituents  The difference between the calculated
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and determined values incireased with the incieasing propor-
tions of light o1l 1n the mixture up to 40 per cent of Light and
60 per cent of heavy oil ; with further increments of the hight
oil, the difference gradually decreased. The determined vis-
cosities are plotted m Fig. 15 (the viscosities as ordinates, the
percentages of L. as abscisse), and will be seen to form a
very regular curve, dropping away from the calculated values
somewhat more abruptly when the light o1l 1s added to the
heavy than when the heavy o1l 18 added to Light.

Subsequently Kessler and Matlnason?! obtained similar results

AcIpITY

Weigh accurately 5 to 10 grams of oil in a 250-cc. Erlen-
meyer flask, add 50 cc of neutialhized 85 per cent alcohol con-
taining phenolphthalein as indicator, and titiate with standard
sodium ot potasstum hydroxide, shaking vigorously after each
addition until a permanent pink color 1s obtained. It 1s often
necessary to allow the flask to stand after shaking until the o1l
separates from the alcohol solution before observing the color
of the latter 2

To test for free mineral acid, shake 10-15 grams of o1l with
100 cc. of warm water 1n a separatory funnel, allow to separate,
draw off the water, filter through wet papei, cool, and add
methyl orange. If mineral acid 15 found, shake the o1l remain-
g 1n the funnel repeatedly with small portions of hot water
until all mineral acid 1s extracted, filter as before, add the filtrate
to the first portion containing methyl orange, and titiate very
carefully with standaid alkali. Concentrate the neutralized
solution, test qualitatively to determine the nature of the min-
eral acid, and calculate the percentage. If the 1dentification of
the mineral acid 18 prevented by the presence of salts, calculate
the mineral acidity as due to sulphuric acid. The acidity due

1J Ind Eng Chem .3, (66

2 For determining acidity 1n very dark colored fats the use as indicator of
10 cc of a 2 per cent solution of ¢ Alkali Blue II OLA ™ '(Melster, Lucius and
Brunig) 1 99 per cent alcchol has been recommended by Freundlich  Oesterr
Chem. Ztg , 1901, 4, 441, Z Nahr Genussm , 1902, 5, 460
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to organic acids, or the total acidity if only this 1s determined,
1s usually calculated as percentage of oleic acid. As much as
15 per cent of free oleic acid 1s sometimes allowed 1n lubiicating
oills The best grades of lard o1l do not contain over 1.5 per
cent. Free mineral acids should be absent

CoLp TesT AND CHILLING PoINT OR CLoUD TEST

The “cold test” indicates the temperature at which the
sample just ceases (or just begins) to flow ; the “chilling point”
that at which the o1l begins to become turbid or to show flocks
or scales of sohd  In erther case the temperature required will
be influenced by details of mampulation, so that an arbitrary
method must be followed to obtain strictly comparable results
The directions below follow the procedure 1ecommended by
Gray

Cold Test — Pour about 25 cc. of o1l into an ordinary bottle
of about 100 cc. capacity and insert a stoppe1 catrving a ther-
mometer the bulb of which reaches just below the suiface of
the o1l, cool the sample slowly to 50° F and then place 1n a
freezing mixture of 1ce and salt As the temperatwie falls
every few degrees remove and tilt the bottle untal the tempeia-
ture 1s found where the o1l just ceases to flow  This 1s called the
“cold test” or “setting pomnt ” Cyhnder and black oils which
have not been treated either by acid o1 by filtiation thiough
fuller’s earth may show abnormally low and 1rregular cold tests

With oils having cold tests higher than 45° F' , 1t 1s custom-
ary to reverse the process, fieezing the sample first and allowing
1t then to warm slowly until 1t just flows

Chilling Point. — Usually 1t 1s only necessary to know whether
the o1l 1emains clear for a given number of minutes at a given
temperature. Use the same bottle, amount of sample, and ther-
mometer as for the cold test. Expose the iquid to cold, stirring
with the thermometer, and hold at the required temperature for
the specified time (usually ten minutes) If the o1l remains
transparent and free from flocks or scales, 1t meets the require-
ment as to chilling test.
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If 1t 18 required to find the chilling point, the procedure 1s
simlar; but the liquid after remaining clear as described 1s ex-
posed to a temperature 3° lower, allowed to stand with constant
watching and occasional stirring with the thermometer until the
oil 1s as cold as the bath, repeat this cooling until opacity or
flocks or scales begin to show. The reading of the thermometer
when this occurs shows the «chilling point ” or *cloud test.”

For further information on the cold test or setting pomnt see
the works of Archbutt and Deeley, Gill, Holde, Lewkowitsch,
and Stillman

FrLAsHING AND BurnNing PoIints

For the most accurate results closed testers such as are used
in examining luminating oils should be employed. Among
these the Pensky-Maitens apparatus 1s perthaps the best for this
purpose. An illustiated description of this apparatus will be
tound 1n Lewkowitsch’s Oils, Fats, and Waxes, 4th Ed. Vol.
11 pp. 58-60

Fo1 routine work 1n this country the ¢ Cleveland Cup” tester
18 often used  This 1s a shallow, eylindrical, jacketed cup, open
to the air and heated by a Bunsen lame ! The test cups filled
to about 0 5 cm from the top and the thermometer 15 suspended
mn such a position that the bulb 1s entnely 1mmeised mn the o1l
at the center of the dish without touching the bottom  Heat
by means of a Bunsen buiner, and as the flashing powmnt 1s
approached, test at each second or third degree by slowly pass-
g the test flame across the dish hoiizontally about 05 cm.
above the level of the o1l and diurectly 1n front of the thermom-
etet  Record the temperature at which the first flash 1s seen
as the flashing point. Continue heating and testing in the same
way until the iquid takes tirte; note this temperature as the
burning pomnt Remove the thermometer and blow out the
flame or smother 1t by shding a watch glass over the dish.

Notes — The flashing and burning points must be determined
m a place free from diatts  The heating should be so regulated

11In the absence of eitner of these forms of apparatus a porcelain dish, 4 cm
deep and 4 cmn 1n diameter, set deep 1 a sand bath, 1s sometimes used
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that on approaching the flashing or burming point the 1ate of
rise of temperature of the oil 1s not greater than 6° C. per mn-
ute. Tests may then be made every half minute using a test
flame not over 5 mm. long. The test flame may be obtained
from a narrow glass jet (similar to that used on a wash bottle)
connected with the ordinary gas tubing, the flow of gas bemg
regulated to give a flame of the size desired. Any variation
of the conditions, either in size and form of dish, the 1ate ot
heating and testing, or the manner of applving the test flame
may cause an appreciable discrepancy in the result.

In 0il miztures the flashing and burning points are not addi-
tive properties and cannot be predicted by simple interpolation
Sherman, Gray, and Hammerschlag 1 found that i1n mixtuies ot
mineral oils of different flashing and burning points, and ot
mineral o1l with a fatty oil, or sperm o1l, the flashing and burn-
g points found were 1nvariably lower than the figures which
would be found by simple interpolation from the known piop-
erties and proportions of the oils in the mixture. It was also
observed that when a high-test and a low-test o1l weie mixed
in different proportions the discrepancy was greater in mixtures
containing a high proportion of the hugh-test o1l , or, differently
stated, the flashing and burming points were lowered by the
presence of 25 per cent of the low-test o1l to a greater extent
than they were 1aised by the presence of 25 per cent of the
high-test oil.

Kessler and Mathiason 2 have also shown that the flashing and
burning points ate not additive properties in o1l mixtures

ADDITIONAL DETERMINATIONS

Additional tests and determunations are frequently required
to show the suitability of the lubricant for the particular use
intended  Friction tests on o1l testing machines especially
designed for the work are sometimes of great importance. A
full discussion of such mechanical methods of testing will be
found 1n Archbutt and Deeley’s Lubrication and Lubricants.

1J Ind Eng Chem, 1,13 2J. Ind Eng. Chem , 3, 66
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Loss by evaporation and tendency to “gum” are tested by
heating a small amount of o1l on a watch glass for several hours
at the highest temperature to which 1t 1s likely to be subjected
m use. The o1l must not become sticky and the loss of weight
should usually be less than 1 per cent  Suspended matter
which may be mvisible 1n a dark o1l 1s detected by diluting the
sample with gasoline or petroleum ether. Antifluorescents,
added to destroy the fluorescence or *“bloom” of mineral oils,
can often be detected by boiling 1 ce. of the o1l with 8 ce. of a
10 per cent solution of potassitum hydroxide in alcohol. A red
color 1ndicates mitronaphthalene or nitiobenzene, which are
the pricipal antifluorescents used. According to Holde,!
asphaltic matter can be approximately determined as follows:
Dissolve 5 grams 1n 125 ce. of ether at 15° add, drop by drop
with constant shaking, 62 5 ce. of 96 per cent alcohol ; after
standing 5 hours at 15° filter, wash with a mixture of alcohol
and ether (1 2 by volume) until nothing more than traces of
pitchlike substance 1s removed  Daissolve the residue 1n ben-
zol, evaporate, dry one half hour at 105,° and weigh.

For other tests and determinations and fuller discussions of
most of those here given the reader 1s referred to the works
given for reference below.

EXAMINATION OF LUBRICATING GREASES

Lubncating greases are usually mixtures of soaps with fats,
hydrocarbons, rosin, or tar, containing water and sometimes
laige amounts of mineral matter. On melting, the grease otten
geparates 1mto a soap solution and an oily layer The soaps
used 1 making such lubiicants may contain salts of sodium,
potassium, caleium, or heavy metals with either fatty or resin
acids  Some greases consisting essentially of fats and hydro-
catbons melt at temperatures to which they are subjected in
use and may therefore be examined in the melted state by the
methods used for lubricating oils. For most greases, however,
1t 18 necessary to adapt the analytical methdd to the nature of

1Mttt Kgl. Techn Versuchsanstalt, Berlin, 1902, 20, 2563, Z Nahr.
Genussm , 1903, 6, 856,
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the mixture to be examined 1n each case, since the composition
of these greases 1s too vanable to allow the use of any fixed
system of examination It may often be necessary to resort to
a combination of the methods used 1n the analysis of soaps, fats,
and lubricating oils  For detailed information on the composi-
tion and testing of lubricating greases, see the reference books
cited below and a review by Coniadson J Am. Chem. Soc,
1904, 26, 705-712.
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CHAPTER XII
Fuels

THE purpose of this chapter 18 to outline the direct determi-
nation of the calorific value of solid and liquid fuels and then
to consider the analytical determinations of most importance
for the judgment of each of the chief types of fuel and especi-
ally the relation of the chemical composition to the calorfic
power.

DETERMINATION OF CALORIFIC POWER

The heat of combustion or calorific power of a solid or
Liquid fuel 1s best determined by burning 1n oxygen 1n a bomb
calorimeter according to the general method of Berthelot. The
chief modifications of the Berthelot bomb 1n use 1n this country
are those of Atwater, Emerson, and Mahler.

The Atwater apparatus has been fully described by Atwater
and Snell in the Journal of the American Chemical Society for
July, 1908. The original description of the Emerson calori-
meter will be found 1n the Journal of Industrial and FEngincering
Chemistry for January, 1909, and the Mahler bomb 1s well de-
scribed by Gill 1 his Glas and Fuel Analysis for Engineers.
Since these descriptions as well as others 1eferied to at the end
of this chapter are readily accessible and full directions are usu-
ally furmished with the apparatus by the manufacturer, 1t is not
so important here to discuss the exact details of manipulation,
which depend to some extent upon the form of bomb calorimeter
used, as to outline certain principles and precautions of general
application. *

The heat of combastion 1s determined by burning in the
bomb 1n an atmosphere of oxygen a small amount of the sub-
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stance, usually enough to yield about 5 or 6 large calories, and
measuring the rise of temperature of the known amount of
water in which the bomb 1s 1mmersed. In order to be able to
determine the quantity of heat from the rise in temperature 1t
18 necessary to know not only the amount of water surround-
1ng the bomb but also the heat capacity of the apparatus  There
are four general methods of estimating this heat capacity :

(1) By calculation from the weights and specific heats of the
materiags of which the apparatus 18 composed.

(2) By some application of the ‘“method of mixtures,” such
as placing the bomb 1n a known amount of water and after the
temperature has become umfoim adding a known amount of
water of a different (known) temperature and noting the change
of temperature of the system

(3) By burming in the bomb under the conditions of an
ordinary determination a weighed amount of substance whose
heat of combustion 1s accurately known and noting the rise of
temperatuie produced by this known amount of heat.

(4) By generating a known amount of heat in the bomb
electiically and measuring the resulting rise of temperature.

The first method 1s not sufficiently accurate for final calibra-
tion of a bomb but 1s sometimes useful for a preliminary calcu-
lation of approximate heat capacity.

The second method 1s accurate only when cailled out under
conditions and with piecautions so troublesome as to be prac-
tically prohibitive.

The third method 1s more accurate than the first or second,
and 1s the one now gene1ally used, but 1t 1nvolves the assump-
tion that the heat of combustion of the *“standard substance”
18 accurately known.

The fourth method ! 1s the most accurate but 1s hardly neces-
sary except as an ultimate basis 1n the preparation of standard
substances.

The Bureau of Standards recommends that calorimeters
generally be calibrated by the third method using standard

1 Jaeger and Stemnmehr Ann d Phys, 21, 23-63 (1908) and Bulletin of
the Bureau of Standards, Reprint No 135
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combustion samples, the heats of combustion of which have
been carefully determined in calornmeters calibrated by elec-
trical means.

The heat capacity of the apparatus is usually expressed as
1ts ¢ water equivalent” or ¢ hydrothermal equivalent ” Thus
a “water equivalent” or *hydrothermal equivalent” of 408
would mean that the heat capacity of the apparatus was equal
to that of 408 grams of water

The specific heat of water changes somewhat with the tem-
perature so that a shight error 1s intioduced 1if a calorie be
taken 1n one case as the heat capacity of water per degree
centigrade at zero and 1n another case at room temperature.
The Bureau of Standards adopts the heat capacity of water at
15° C. as unity so that the calorie 1s defined as the heat capacity
of one gram of water per degiee centigrade at a temperature
of 15° C. and the B. T. U. as the heat capacity of one pound of
water per degree Fahrenheit at a temperature of 60° F  For-
tunately 1t 1s not necessary mm ordinary determinations of heat
of combustion to change the basis of calculation with the tem-
perature of working between 15° and 25° C., because the
Bureau of Standards has found that the total heat capacity of
an ordinary combustion calorimeter does not change apprecia-
bly with temperature between 15° and 25° C. This 1s due to
the fact that the metal of the bomb and accessories has a posi-
tive temperature coefficient, while the water has a negative
temperature coefficient thioughout this range of temperature
and the two nearly neutralize each other.

Standard Materials. — Among the substances which have
been used in the standardization of combustion calorimeters
are cane sugar, benzoic acid, naphthalene, glycocoll, hippuric
acid, and camphor. The Bureau of Standards recommends the
first thiee and supplies standard samples of these for this pur-
pose.

Sucrose 1s not volatile nor strongly hygroscopie, but 1s
rather difficult to ignite, sometimes fails to b&rn completely,
and has a heat of combustion only about half as high as that of
good coal.

R
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Benzoic acid 1s only slightly volatile, not very hygroscopie,
burns readily, and has a heat of combustion about four-fifths
that of ordinary coal.

Naphthalene 1s more volatile than benzoic acid, but 1s not
hygroscopie, burns very readily, and has a heat of combustion
a little higher than that of coal The Buieau of Standards
reports that the loss by sublimation from naphthalene pressed
into pellets for combustion will hardly exceed 0.1 to 0 2 per
cent 1n an hour, so that any error 1n standardization due to
volatility of the naphthalene should be less than 0.1 per cent.

Although sugar has been most used in the past, the Bureau
of Standards finds benzoic acid the most satisfactory substance
for accurate standardization of bomb calorimeters.

Preparation of sample or charge — Since the amount of mate-
terial used for a determination 1s usually not over a gram, the
sample must be finely ground and thoroughly mixed A poi-
tion of the mixed powdered sample 1s then pressed into a pellet
or small briquet, which 1s weighed 1n the combustion crucible
and then placed 1n the bomb  Pressing the chaige into a pel-
let avoids the danger of poitions being blown out of the cirueci-
ble either when the oxygen 18 admitted to the bomb o1 during
the rapid combustion which takes place when the substance 1s
fired. In standardizing with napthalene the loss by volatiliza-
tion 1s also much smaller from a pellet than from the same
weight of loose material. Liquids, and anthracite coals which
cannot be pressed into pellets, are conveniently burned in
weighed hard “gelatin” capsules of determined calorific
power. The objections sometimes offered to this method
are probably due to the use of capsules of unsuitable chai-
acter. The writer uses Parke-Davis capsules of ¢five-grain”
size which weigh about one tenth gram each, have a heat of
combustion of about 4480 calories per gram, are neither sticky
nor hygroscopie, and burn readily, thus aiding the complete
combustion of high-ash anthracite coals. Some prefer to burn
anthracites 1n @ loose condition and, if duifficulty 1s experienced
1n obtaining complete combustion, to place beneath the anthia-
cite a weighed amount of bituminous coal of known calorific
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power. Blakeley and Chance hold that the failure of high-ash
coals to burn completely when placed directly in the combus-
tion crucible 1s largely due to the cooling of that portion of the
coal which 1s 1n contact with the metal floor of the crucible and
may be avoided by placing a disk of asbestos beneath the coal.

Pasty solids and non-volatile hiquids may be weighed and
burned directly in the combustion crucibles In the case of
fatty oils 1t was found advantageous to add a hittle loose as-
bestos (previously ignited) to regulate the burning and pre-
vent possible loss by spattering.

For a volatile liquid select a capsule having a body with a
smooth edge and a snug-fitting cap, tiansfer the liqmd from
the sample bottle to the weighed capsule by means of a pipette
or medicine dropper, close the capsule, stand 1t 1n the combus-
tion crucible and weigh, then allow to stand about 5 minutes
and weigh again to make sure that none of the sample is being
lost by evaporation. Should 1t be found that the capsule per-
mits loss by evaporation, 1t must be rejected and another pre-
pared and tested 1n the same way.

Both 1n standardizing the bomb and 1n the testing of fuels
the amount of the charge should depend upon 1ts calorific
power so that there may not be great differences in the amount
of heat to be measuired 1n the different determinations. When
the chaige has been prepared in the combustion crucible, 1t 18
placed 1n position, the fuse wire adjusted, the bomb closed and
charged with oxygen

The oxygen used for combustion must be the purest obtainable
commercially, especially as regards freedom from combustible
gases such as hydrogen, carbon monoxide, and hydrocarbons
Each cylinder of oxygen should be tested by determinations
upon standard combustion samples such as are used in deter-
mining the heat capacity of the apparatus.

The bomb 1s charged with oxygen to a pressure of about 25
atmospheres, and, after bemng properly closed to prevent any es-
cape of gas, is 1mmersed 1n a weighed quantit}y of water, the
terminals of the firing circmit adjusted, the covers placed 1n
position, and the stirring and thermometric observations begun.
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The details of these operations vary with the different forms of
apparatus and are explained for each 1n the descriptions already
cited.

At the end of the ¢ fore-period ” mn which the rate of change
due to the temperatuie of the surroundings has been determined,
the charge is ignited by closing the switch of the firlng cucuit
80 as to pass thiough the fuse wire a current sufficient to heat
1t to redness if platinum, or cause 1t to burn 1f iron, but of low
potential so as to avoird danger of arcing with evolution of heat
within the bomb

Temperature measurements should be made with delicate dif-
ferential thermometers of the Beckmann type which should be
catefully calibrated, preferably by the Bureau of Standards or
the Reichsanstalt Accuracy requires that the proper coirec-
tions be determined and applied for errors of the scale, for the
emergent stem, and for the amount of mercury removed from
the bulb. The first, called * caliber correction,” should be ap-
plied to each reading ; the second and thud together are often
called ¢ thermometer coriection,” and this correction, which
will depend upon the room temperature and the setting of the
thermometer, 1s applied to the apparent rise of temperature ob-
served during the combustion, to obtain the rise 1n true degrees.

The radwation correction 18 calculated from the readings taken
before, during, and after the combustion, preferably by means
of the Regnault-Pfaundler formula.

At the end of the aftei-perod following a combustion the
bomb 18 opened and a careful examination made for any evi-
dences of incomplete combustion Any portions of the fuse-
wire which may remain unburned are weighed and deducted
from the oniginal weight The bomb 18 rinsed out and the
mtric acid which has been formed during the combustion 1s
determined by titration The heat of formation and solution
of the mtric acid formed (230 calories per gram), as well as the
heat of combustion of the iron fuse wire burned (1600 calories
per gram), and ‘of the gelatin capsule 1f used, must be allowed
for 1n the calculation of the resulis The full explanation of the
calculation of results given by Atwater and Snell should be
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consulted. Fuels containing sulphur yield sulphuric acid on
combustion 1n the bomb, so that a shight error 1s intioduced 1f
the total acidity of the bomb rinsings be calculated as nitric
acid. To correct for this the usual subtraction for total acidity
calculated as mitric acid may be made, then the sulphuric acid
1n the rinsings may be found by precipitation and the correction
mcreased by 13 calorles per gram for each per cent of sulphur
n the fuel 1 This 1s based on the assumption that as fuel 1s
ordinarily used the sulphur burns to sulphur dioxide.

The calonfic powers as found 1n the bomb calorimeter repre-
sent somewhat moie heat than 1s actually obtained from the fuel
1 ordinary use, not only because the combustion 18 complete,
but especially because the water vapor produced 1n the combus-
tion condenses 1n the bomb and the latent heat of this vapor 1s
not lost as 1s usually the case when the fuel 1s burned 1n use.
Occasionally an attempt 1s made to distinguish between * heat
of combustion ”” and * calorific power,” confining the latter term
to the values obtained on ~ubiraci.ner from the heat ot com-
bustion the estimated heat of vaporization of the water  More
often the heat of combustion 1s called the “calorific power (high
value) ” or sumply ¢ calorific power,” and the term *calorific
power (low value)” 1s used to designate the value obtained
on deducting the latent heat of water vapor. In this chapter
the “high values” are always given without the use of that
term, or in other words the term calonfic power 18 used as
synonymous with heat of combustion.

CHEM1CAL CoOMPOSITION AND CALORIFIC POWER OF
OrcANIC COMPOUNDS

According to the usually accepted determinations, the heat of
combustion of caibon 18 8080, and of hydrogen 34,500, calonies
per gram. The heat of combustion of a compound consisting
of carbon and hydrogen only 1s the sum of the heats of combus-
tion of the carbon and hydrogen 1t contains nginus the heat of
formation of the compound, which 1s for hydrocarbons a rela-

1Lord. U 8. Geological Survey, Professional Paper No, 48,
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tively small factor. In compounds containing oxygen the heat
of formation 18 larger and the heat of combustion 1s proportion-
ately less than the heat which would be obtained by burning the
quantities of carbon and hydrogen present, for the obvious rea-
son that these elements are already partially * oxidized ” by the
oxygen present 1n the molecule From the heats of combustion
of carbon and hydrogen one may readily calculate that a given
weight of oxygen will cause a gieater evolution of heat 1n burn-
ing hydrogen to water than in burning carbon to caibon di-
oxide. Hence 1n the case of a compound of carbon, hydrogen,
and oxygen, the estimated calorific power will be lower 1f we
assume that the oxygen 1n the molecule 1s to be considered as
combined with hydrogen than if we assume that 1t 1s to be con-
sidered as combined with carbon.

Usually estimates of calorific power from ultimate analysis
have been based on “ Welter’s rule,” which assumes that the
oxygen present 1s combined with hydrogen, or, that we shall
offset the heat of formation 1if we deduct the quantity of heat
which would be produced 1f the oxygen present combined with
the hydrogen. On this assumption the heat of combustion ot
such a compound would be represented by the formula:

X = 8080 C + 34,500 (H — 1 0).

Walker, 1n his Introduction to Physical Chemistry, pointed
out that the values thus obtained are considerably too low 1n
the cases of sugar and of butyric acid, and stated that ‘“a better
result may usually be obtained by subtracting the oxygen, not
with the covresponding quantity of hydrogen, but with the
corresponding quantity of carbon, and then estimating the heat
of combustion of the elements in the residue.” Putting this
suggestion (which for convenience we may call « Walker’s rule’
as contrasted with « Welter’s rule ”) in the form of an equation,
we have,

X = 8080 (C — §O) + 34,500 H.
" If, now, these two formul® be applied to the various classes
of pure organic compounds, and the results compared with the
experimentally determined heats of combustion as compiled by
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Berthelot, or Vaubel, 1t will be found that in some cases the
higher, 1n other cases the lower, of the calculated results ap-
proximates the true value, while for still other compounds the
true value lies between them and at a distance from either.
The relative values of these formule as applied to different
classes of fuels 1s considered below.

In some cases fuel values aie estimated from proximate,
rather than ultimate, chemical composition. Thus, since the
calorific power of pure alcohol and the 1elation of specific gravity
to percentage strength of alcohol-water mixtures are both
known, the specific gravity of any commercial alcohol which 1s
essentially a mixture of puie alcohol and water will show the
amount of alcohol present, and hence the calorific power of the
hquid. 1In food analysis the fuel value 1s commonly estimated
from the percentages of proteins, fats, and carbohydrates as has
been fully explained 1n another volume ?

FuerL OiLs AND GASOLINE

With appliances sufficiently well adapted to its properties,
any petroleum o1l can be burned with an evolution of heat much
greater than that of any coal.

Since American petroleums are essentially mixtures of hydro-
carbons and chiefly of the methane series, 1t was to be expected
that the greater the specific gravity of the sample the greater
would be the mean molecular weight and percentage of carbon
and the less would be the percentage ot hydrogen and the heat
of combustion per gram. In general a specific gravity of

0.7 -0.75 1ndicates about 11,500-11,300 calories per gram ;
0.75-0 8 1ndicates about 11,300-11,100 calories per gram ;
0.8 -0.85 1ndicates about 11,100-10,900 calories per gram ;

0 85-09 1ndicates about 10,900-10,700 calories per gram ;

0 9 -0.933 indicates about 10,700-10,500 calories per gram.
More commonly in Englsh-speaking countijes the density of
petroleum oils 1s stated in terms of the Baumé scale and the

1Sherman Chemistry of Food and Nutntion, Chapter IV
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calorific power in British thermal umts. The relations of the
values are as follows: .
calories per gram x 1.8 =B. T. U. per pound ;

140
130 4+ B*

From the densities and calorific powers of 86 samples of
American petroleum oils, 70 of which were examined by the
writer and his associates at Columbia University, and 16 by
Allen and Strong of the U. S. Geological Survey, 1s constructed
the following table! for estimating the calorific power from the
Baumé density 1n commercially pure petroleum oils.

specific gravity =

TaBLF 20 — APPROXIMATE CALORIFIC Powers, IN BriTism THERMAL
Units PFR Pounp, oF PETROLEUM Oi1Ls or 20° to 67° Baumi

Density Calorific power Density Calorific power Density Calorific power

degrees BTU degrees BTU degrees BTU

Baumé per pound Baume per pound Baumé per pound
20 18930 36 19735 52 20220
21 18990 37 19770 53 20245
22 19050 38 19805 54 20270
23 19110 39 19840 55 20290
24 19170 40 19875 56 20310
25 19225 41 19910 57 20330
26 19280 42 19940 58 20350
27 19335 43 19970 59 20370
28 19390 44 20000 60 20390
29 19445 45 20030 61 20410
30 19495 46 20060 62 20430
31 19545 47 20090 63 20450
32 19590 48 20120 64 20470
33 19630 49 20145 65 20490
34 19665 50 20170 66 20510
35 19700 51 20195 67 20530

The values given 1n the table were found by plotting the data
of all the samples, drawing a smooth curve through the approxi-
mate mean results, and taking from this curve the calorific
power (in the neagest multiple of 5 units) corresponding to each
degree of density on the Baumé scale On taking the calonfic

1 Revision of the work of Sherman and Kropff (/' Am Chem. Soc , 30, 1626).
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powers from the table for each individual sample and compar-
ing with the value determined 1n the bomb calorimeter, 1t was
found that of 86 samples, ranging from gasoline to the heaviest
crude oils, in only 1 case 1n 15 did the estimated value differ
from that experimentally determined by as much as 1 per cent;
1 only 1 1n 43 was the difference as much as 2 per cent; 1n no
case was the difference as much as 3 per cent.

It 18 evident, therefore, that in commercially pure American
petroleum oils the caloiific power may be estimated from the
density by means of the above table with a sufficient degree of
accuracy for many practical purposes.

Since 1n gasoline engines, and 1n some of the machines using
other fuel oils, the combustion 1s preceded by vaporization ot
the fuel, 1t 18 evident that volatility 1s an 1mportant factor in
determining the adaptability of the gasoline o1 fuel o1l to the
engine 1 which 1t 1s to be used.

In general, the mechanical engineer judges the volatility
fiom the density, but since commercial gasoline or other fuel
o1l 18 a mixture of numerous lighter and heavier hydiocarbons,
“a definite constant density 1s not a guarantee that the compo-
sition may not change sufficiently to affect the action of the fuel
mn an engine ” (Lucke and Woodward).

In order to determine the character of a sample in this re-
spect, 1t may be submitted to distillation 1n an ordinary distill-
ing flask, collecting the distillate in convenent fractions of the
volume of the sample taken, and noting the temperature of dis-
tillation of each fraction by means of a thermometer so placed
that the top of the mercury bulb 1s on a level with the bottom
of the outlet in the neck of the distilling flask, so as to show
the temperature of the vapors as they pass from the flask into
the condenser.

The “ motor gasoline” used by Lucke and Woodward 1n their
comparison of alcohol and gasoline as fuel for internal combus-
tion engines i 1906-07 was examined 1n this manner, 150 cc.
being distilled, and the distillate collected 1a fractions of 10 ce.
each, with the following results:1

1U S Dept. Agriculture, Office of Experiment Stations, Bul 191, p. 23.
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'

Number of fraction

D =T D OO

A sample purchased 1n New York City in 1908, and behieved
to be a representative specimen of satisfactor y automobile gaso-

line, was examined by the writer with the following results.

Iies LSH:::‘;:? (;) f Number of fraction ?;f;:;ﬁ::::? (? f
46-60 9 100-104
64-75 10 104-108
75-80 1 108-112

80 12 112-120
80-86 13 120-126
86-92 14 126-140
92-97 15 (5 cc) 140-155
97-100 Residue at 155° C =5 cc o1 3 3 pet

(1) DisTiLLATION ok 300 cc IN FracTIONS ACCORDPING TO VOIUVE

Number of fraction xf:g{;:i:f:zoé’ f Volume ce Sl"‘(’mfl‘ﬁ(jl( wity at
1 40-68 30 0669
2 68-74 30 0678
3 74-81 30 0 692
4 81-86 30 0704
5 86-91 30 0712
6 91-96 30 0720
7 96-102 30 0727
8 102-110 30 0734
9 110-121 30 0741

Residue at 121° C 30 0756

(2) DistiLLATION OF 300 cc IN FRACTIONS ACCORDING 10
TEMPERATURE

Number of fraction

AW

Temperature of V olume Specific gravity
distillation ° (l) « % at 15°
40-70 405 135 0 670
70-80 475 158 0 690
80-90 60 20 0706
90-100 475 158 0.722
100-110 425 142 0733
110-120 295 99 0741
Residue at 120° C 0755
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These data may be useful for purposes of comparison when
éxamining commercial gasolines with reference to their utility
as fuel for internal combustion engines.

Three samples of “fuel 011 purchased by gas manufacturers
in New York City in 1905 and 1906, showed, when divided into
fifths by fractional distillation, the following results.

Tanrr 21 —CoMpPARISON OF Fracrtions oF CommrrciAL “Furr Oirs’

Temperature of Density at 155°C (60° F )
Dastillation
o (s Specific Degrees
Gravity Baumé

Sample A

1st fraction 165-257 0832 383

2d fraction 257-290 0870 309

3d fraction 290-318 0 880 291

4th fiaction 318-340 0 886 280

Residue 0900 255
Sample B

1st fraetion 138-213 0770 518

2d fraction 243-288 0851 345

3d fraction 288-327 0871 307

4th fraction . 327-353 0883 285

Residue 0906 245
Sample C

1st fraction 160-260 0795 461

2d fraction 260-286 0843 361

3d fiaction 286-305 0853 341

4th fiaction 303-330 0861 326

Residue | 0881 289

Woops AND SIMILAR I'UELS

Wood, peat, spent tan, bagasse, and other similar materials used
as fuel differ greatly 1n calorific power because of wide fluctua-
tions 1n moisture and ash content and considerable differences
1n the nature of their organic constituents; for instance, some
woods approximate cellulose, while others contain large amounts
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of resinous material of much higher calorific power. All the
fuels of this general group are, however, characterized by high
oxygen content and low heat of combustion as compared with
good coal, and so 1n attempts to estimate the calorific power from
the ultimate analysis the differences between the results obtained
by the use of Welter’s rule or Walker’s suggestion as explained
above are relatively larger for this group of fuels than for coals

In order to ascertain which method of calculation 1s preferable
and whether either yields accurate results, Sherman and Amend
analyzed eight fuels of this type and compared the results obtained
by each method of calculation with those actually determined
by combustion 1n oxygen.

The results of ultimate chemical analysis, reduced to the basis
of dry matter were as follows

TaBLE 22 — Urtivatr CovposiTiON oF Dry MatTErR oF Woob, Erc.

Samplo Culr%l;un JII‘,fzyl;:gen 0\(\7:( n }Muq\;gt n \ui|7;lnu ;}h
Chestnut wood chips 5028 | 558 | 4321 ] 010 | 003 | 050
Chestnut wood chips, leached | 5009 | 365 | 4333 | 010 | 002 081
Hemlock tan 5374 | 566 | 3905 | 024 001 127
Hemlock tan, leached 5497 | 573 | 3769 | 026 | 002 133
Oak tan, leached 4951 | 553 | 3924} 040 | 005 527
Bagasse . 4904 | 796 | 4258 | 031 | 007 204
“ 01l cake” 4820 | 647 | 3802 | 424 | 025 282
Peat A730 1 166 [ 1920 | 113 077 | 1688

From these analyses the calorific power or heat of combustion
was estimated (1) according to Dulong’s formula

X =18080C + 34,500 (H — } O) + 22508,

based on Welter’s rule of calculating the oxygen with the hydro-
gen, (2) according to Walker’s suggestion of calculating the
oxygen with the cerbon. Using here the same calorific values
for the elements as in Dulong’s formula, we have the formula.

X =8080(C — 30) + 34,500 H +22508.
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which must of course be applied to the percentages in the water-
frée substance.

The results (in calories) obtained by these two formule
along with thise determined directly by means of the Atwater-
Mahler bomb calorimeter were as follows -

TABLE 23 — ESTIMATED AND DrTERMINED CALORIFIC POWERS

Welter’s Walker s Direct
rule rule determination
Chestnut wood chips 4125 4659 4632
Chestnut wood chips, leached 4129 4684 4661
Hemlock tan 4612 5113 5106
Hemlock tan, leached 4794 5277 5217
Oak tan, leached 4217 4720 4798
Bagasse . 4185 4731 4625
“QO1l cake 4594 5078 4953
Peat 7122 5671 5606
Average 1510 1992 4950

It will be seen that in the case of these woody fuels high 1n
oxygen the calonific powers estimated by means of Dulong’s
formula based on Welter’s rule are all much too low, the esti-
mated values 1n terms of the actual ranging from 88.4 to 96 7
per cent and averaging 90.4 per cent, while the values estimated
by a corresponding formula based on Walker’s rule show a fair
approximation to the values actually determimed by the bomb
caloiimeter, the estimated values in terms of the determined
ranging from 100.1 to 102 5 per cent and averaging 100.8 per
cent

The two methods of calculation were also applied to seven
analyses of lignites taken from Bulletin 290 of the U. S Geo-
logical Survey. In one of the seven cases the calorific power
actually determined was lower than that found by Welter’s
rule; 1n one 1t was materially higher thane that found by
Walker’s rule, 1n each of the other five cases and also in the
average of all seven the results by Welter’s rule were much too
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low and those calculated according to the suggestion of Walker
were approximately correct.

The results indicate. (1) that too much reliance should
not be placed upon estimates of calorific power fiom ultimate
chemical composition, especially in fuels high 1n oxygen,
(2) that Dulong’s foimula or any simular formula based on
«“ Welter’s rule” of calculating the oxygen with the hydrogen
1s likely to give results much below the truth, (8) that the
higher results obtained by calculating the oxygen of the water-
free sample as combining with the carbon according to the
suggestion of Walker aie much more nearly correct, and 1n
most cases show a fair approximation to the values determined
duectly.

CoaL

Ultimate Composition and Calorific Power

The data above given having shown that the calonfic power
of wood and similar fuels 1s related to the ultimate composition
much more neatly according to Walker’s than according to
Welter’s rule, a similar comparison of these two methods of
calculating calorific power was made for coal! For this pui-
pose the analyses and calorific powers of 67 coals examined
by the U. S. Geological Survey and described in Professional
Paper No. 48 were used. These data were determined n
connection with the studies made by the Survey in 1its coal-
testing plant at the St. Louis Exposition in 1904 and cover
coals mined 1n 17 states and differing widely 1n composition
and character.

A comparison of the calorific powers as calculated by
Dulong’s formula based on Welter’s rule with those found by
actual determinatign in a bomb calorimeter showed that the
values calculated by this formula were below those found by
the calorimeter 1n seven eighths of the cases and averaged 98.9
per cent of the determined values. In more than half of the
cases the calculated differed from the determined values by

1 Sheiman, Bartlett, and Weatherless, results not yet published
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over 1 per cent, 1n 12 of the 67 cases or about 1 1n 6, by more
than 2 per cent; 1n 4 cases o1 about 1 1n 17 by more than 3 per
cent, the greatest difference being 3.8 per cent.

Thus the error involved in the use of the Dulong formula
based on Weltei’s rule was quite variable. The values thus
calculated averaged 1.1 per cent too low, but 1t 1s evident that
the calculated results of individual samples cannot be made
accurate by raising them all by a corresponding percentage ;
for the extent of the discrepancy in each calculated value de-
pends prumarily upon the oxygen present 1n the sample, so that
to 1ncrease all the calculated values by a fixed percentage
would give calorific powers too high where the oxygen content
was low and too low where the oxygen content was high.
Better results weie obtained by calculating the calorific
powers 1n accordance with Walker’s suggestion that the
oxygen be figured as combiming with the carbon rather than
the hydrogen.

Calculating the calorific powers for the same 67 coals accord-
ing to the formula,

X = 8080 (C — § O) + 34,500 H + 2250 S

which must of course be applied to the percentages in the
water-free coal, 1t was found that the calculated averaged 100.37
per cent of the determined values, and were about twice as often
above the latter as below  In about two thirds of the cases the
calculated and determined values agreed within 1 per cent, and
1n about one third of the cases differed by 1 per cent or more;
6 of the 67 cases, or about 1 1n 11, differed by more than 2 per
cent, none differed by as much as 3 per cent. Comparing the
results obtained by the two methods of calculation 1t will be
seen that the method of «alculating the combined oxygen with
the carbon instead of with the hydrogen gives a much better
average result, a smaller proportion of cases in which the error
exceeds a given margin (whether this be one or two per cent)
and a smaller maximum error. e

Of the formule at present available for calculating the calo-
rific power of coal from 1ts ultimate analysis the one last given
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should therefore be used, but data thus calculated are much less
reliable than those obtained by properly conducted determina-
tions with an accurately standarized bomb calorimeter.

Proximate Analyss of Coal

-The proximate analysis of coal consists in determining the
moisture and ash, and separating the organic matter by an
arbitrary heat treatment into volatile matter and fixed carbon.
In order that results of different analysts may be comparable,
a uniform method has been agreed upon as follows:! The
sample should be air-dired and ground to pass a 100-mesh
sieve

Moisture. — D1y 1 gram of the fine-ground, air-dry sample n
an open platinum or porcelain crucible 1 an oven at 104° to
107° C. for 1 hour, cool 1 a desiccator and weigh covered
The loss of weight 1s considered as moisture

Volatile matter. — Heat one gram of the air-dry sample (or
the portion which has been used for the determination of
moisture) 1n a platinum crucible weighing 20-30 grams with a
well-fitting cover over the full flame of a good Bunsen burner
for 7 minutes, 1n a place free from drafts The flame should be
25 ecm. high and the crucible supported on a platinum triangle
so that the bottom of the crucible 1s 6 to 8 cm above the top
of the burner and the entire crucible 1s surrounded by the
hottest part of the flame. The upper surtace of the cover
should burn clean; any carbon on the under surface of the
cover 18 weighed with the residue in the crucible. The loss
m weight by this heating, corrected for moisture if neces-
sary, 18 called the volatile combustible, or simply the volatile
matter.

Ash. — Buin one gram of sample, or the residue from one of
the above determinations, 1n a platinum crucible (open and in-
clined) first over a very low flame, then at a higher temperature,
till free from carbon, and weigh the residue as ash.

1 Report of Committee of American Chemical Society J Am Chem Soc.
21, 1119
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Fized carbon 1s found by subtracting the sum of the percent-
agdes of moisture, volatile matter, and ash from 100.

The determanation of sulphur, while not a part of the proximate
analysis, 18 so often 1equired 1n connection with 1t that the
usual method may be outlined here This 15 the modified
Eschka method. One gram of the finely pulverized coal 1s
mixed with 1 gram of light magnesium oxide and 0.5 gram ot
dry sodium caibonate 1n a Meissen porcelain crucible (or plati-
num dish of about 75 ce. capacity) and heated with an alcohol
lamp (o1 with a gas flame nearly free from sulphur, the dish
being set 1n a smooth hole 1n an asbestos pad so that 1ts contents
are protected as much as possible fiom the products of combus-
tion). The heat should be applied gently at first, especially
with soft coals, and the mixture stirred frequently with a stout
platinum wire  Gradually mcrease the heat until the bottom
of the dish 1eaches low 1edness, and maintain at about this
temperature with fiequent stinning until all carbon 1s burned;
then cool and tiansfer to a beaker with about 50 cc. water, add
15 cc bromine water (saturated) and boil for at least 5 minutes
to complete the oxidation of the sulphur compounds to sulphates;
allow to settle, decant the solution through a filter, and boil the
residue a second and a third time with about 30 cc. portions of
water and then wash thoroughly with hot water. Acidify the
filtrate with hydrochloric acid so as to have about 1 cc of the
latter 1n excess, boil to expel bromine, and precipitate the sul-
phates by means of barium chloride, observing the usual pre-
cautions 1n obtaimng, washing, 1umtiig, and weighing the
barium sulphate. From the weight of the latter calculate the
percentage of sulphur 1n the coal.

Relation of Proximate Composition to Calorific Power

The proximate analysis shows the amount, and something of
the character, of the o1gamc matter 1n a coal. The perform-
ance of such an analysis requires relatively 1&tle time and no
special apparatus; the results thus readily obtained are un-
doubtedly often of value in helping to determine the adapta-
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bility of a coal to some particular puipose, and if the origin or
general character of the coal is sufficiently well known, the proxi-
mate analysis may give a fair indication of its probable calo-
rific power Formul® for estimating the calorific power of
coal from 1ts proximate analysis have been proposed, that of
Goutal being most often quoted, but on the other hand, 1t has
been found by experiments in the laboratories of the United
States Geological Survey, that the volatile matter diiven off by
heat, as n the usual proximate analysis, consists to a consider-
able degree of 1nert gases, and that the propoition of these 1n
the volatile matter “ varies 1n different coal deposits, and makes
1t 1mpossible to detetmine the heating value of the coal from
the proximate analysis alone 1

That there should be considerable differences in the calonific
power of the volatile matter of different coals 1s obvious
when one considers that the material volatihized fiom some
bituminous coals 1s rich in hydiocarbons, while that from
woody lignites contains a relatively large amount of water
vapor.

In order to obtain definite data (1) on the average relation
of calonfic power to proximate composition, and (2) on the
extent of the variations from the average relation to expected
in individual samples or different types of coal, Sherman and
Regester compiled and computed the results of analyses made
1 the laboratories of the Umited States Geological Survey, the
Ohio Geological Survey, the West Virginia Geological Survey,
and Columbia University covering 1n all 500 samples of coal
from different parts of the United States, and believed to rep-
resent the principal American types of coal. In all cases the
proximate composition had been determined by the method
outlined above, and the calorific power by combustion 1n oxy-
gen 1n a bomb calorimeter of standard type, such as the
Atwater, Mahler, or Willlams instiument When the data of
the 500 samples were calculated to the basis of dry, ash-free
material, and groaped a« ording to percentage of volatile mat-
ter, it was found that the coals containing from 2 to 10 per

1U S Geological Survey, Bul 339, p 9
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cent of volatile 1n the combustible matter averaged about
14,900 B. T U. per pound of combustible; beyond this the
calorific power increased with the volatile matter until the lat-
ter 1eached about 17 per cent, after which 1t declined gradu-
ally with increasing proportion of volatile in the combustible
matter, up to about 40 per cent, beyond which the average
calorific power decreased more rapidly.

The average calorific powers for different percentages of
volatile matter on the basis of dry, ash-free coal weie then
plotted, and the values estimated from tlhis curve were com-
pared with those found by the bomb caloiimeter for each of
the 500 coals.

The first hundred coals showed from 1.74 to 8 50 per cent of
volatile matter in the dry, ash-free substance and a mean dif-
ference between the calculated and the determined values of
0 98 per cent ; 1n the second hundred coals with 8 62 to 22 17
per cent volatile, the mean difference was 1 14 per cent; 1n the
thind hundred with 22 53 to 38 42 pe1 cent volatile, the mean
difference was 1 32 per cent, the next 160 coals showed 38.44
to 47.93 per cent volatile and a mean difference of 1 96 per cent ,
while 1n the last 40 coals which contained 48 22 to 59.78 per
cent volatile 1 the diy, ash-fiee substance the mean difference
was 6.30 per cent.

It will be seen from the latter figure that among the coals
having over 48 per cent of volatile matter in the dry, ash-fiee
substance the piobable vanations are so great that a state-
ment of the average 1elation of proximate analysis to calorific
power cannot be made the basis of any general rule for the
estimation of the latter value fiom the foimer. For coals in
this region of proximate composition such 1elations 1f used at
all should be worked out for each particular type or vemn of
coal.

On the other hand for coals containing up to 48 per cent
of volatile matter in the dry, ash-free substance the proximate
analysis gives some 1ndication of the probable®caloiific power,
the average relation being approximately as shown 1n the follow-
ing table.
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TABLK 24 — APPROXIMATE AVERAGE RFIATION OF VOLATILE MATTER

AND CALORIFIC

AMERICAN CoAls

Powrr IN 1uF DRY, ASH-FRFE

SUBSTANCE, OF

v oas 'B wi+ Thermal| v 104110 matter | British Thermalll vy )0 0000 jor [ B 1tish Thermal
in dry, ash-free|  UMSPEr |l qry aen-ree| UBHS PEr Iy gry ngnniee|  Units per
substance | POURd of dry, || gupseance | PoURd of dry, i gubtancc p"""l‘l] gigry'
per cent b:‘bhs.tf::z’e per cent s?}sbhqgﬁﬁe per cent ~:1|2ntnnce
0 145441 17 15900 33 15500
2 14900 18 15850 34 15500
3 14900 19 15800 35 15500
4 14900 20 15800 36 15500
5 14900 21 15700 37 15300
6 14900 22 15700 38 15100
7 14900 23 15700 39 15100
8 14900 24 15700 40 15100
9 14900 25 15700 41 14600
10 14900 26 15700 42 11600
11 15050 27 15700 43 14600
12 15200 28 15700 44 14600
13 15350 29 15700 45 14500
14 15500 30 15600 46 14400
15 15650 31 15500 47 14300
16 15800 32 15500 48 14200

Tlus table probably gives as good an 1dea as 1s now possible
of the average relation of proximate composition to caloiific
power 1n American coals, but these average relations must not be
given undue weight, because mndividual samples of coal may vary
greatly triom the average An 1dea of the varwations to be ex-
pected in individual cases may be obtained fiom the fact that
among the 460 cases considered by Sherman and Regester which
fall within the range of this table the calonfic powers actually
determined by combustion 1n oxygen differed from those calcu-
lated from the above table by 1.00 per cent o1 more 1n 233 cases
or almost exactly one half of the total ; by 2 00 per cent or
more 1n 110 cases (about 1 1n 4) , by 3.00 per cent or more 1n
58 cases (aboutdl 1n 8) ; by 4 00 per cent or more 1n 27 cases

1 Corresponding to 8080 calories per gram, the usually accepted value for
carbon
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(about 11n 17) ; and by 5.00 per cent or more 1n 17 cases or
abqut 1 case n 2T7.

If this comparison were extended to the coals containing a
larger amount of volatile matter, the proportion of cases show-
g serious disciepancies would of course be much greater. It
18 evident that 1n geneial the proximate analysis of a coal 15 of
less value as an indication of 1ts calorific power than 1s the ulti-
mate analysis

The results of either ultimate or proximate analysis become
more significant when nterpreted in the ight of the foregoing
data, but in cases in which an accurate knowledge of the calo-
11fic power of coal 1s required, one should accept only the 1esults
of direct determinations by a skilled observer using an accu-
1ately standardized bomb calorimeter.
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CHAPTER XIII

Soap and Glycerin

ANALYSIS OF COMMERCIAL SOAP

THE determinations required mn the examination of a com-
mercial soap depend largely upon the purpose tor which 1t 1s
ntended. The scheme outlined below 1s adaptable to almost
all cases, as 1t can be easily extended to include additional dete: -
minations or shortened by omitting such steps as are unneces-
sary when only a pattial analysis 1s 1equued.

OUTLINE SCHEME OF ANAIYSIS}!

First PorTioN Dhy 2 to 5 grams of soap (I)? and introduce into
Soxhlet extractor, either 1n a thimble or supported by a firm plug of cotton,
and extract with petioleum ether

Solution  Evap-| Rewdue Allow petioleum ether to evaporate, trans-
orate ether and |fer the soap to a beakei, dissolve 1 hot water, and filter
weigh as unsaponi-
Sied fut and unsa-
ponifiable matter

Solution  Decompose with a con-| Restdue Ihy
siderable excess of standard sul-{and weigh as -
phuric (or hydiochloric) acid, sep-| soluble matter
an arate aqueous solution fiom fatty| Igniteandweigh
layer (III) as wnsoluble mmeral
matter (X))

Solution Add| Fatty Layer
methyl orange| Dry and weigh as
and titrate for| futty and resin
total alkali  Test|acids (V)
for chlorides (or
sulphates), sugar,
and glycerin
Ter)

1 Allen Commercial Organic Analysis, Vol II
2 Numbers 1n parenthesis refer to sections which follow
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Exhaust 2 to 5 grams of the fresh sample with care-

fally neutralized alcohol (VI)
Solutton.  Add| Residue Dry and weigh (VIII) Exhaust
phenolphthalein |thoroughly with boiling water
and titrate for free \™"g T Divide mto aliquot | Residue May be
'}“'“;f‘“ allcal:i O\ parts exammed 1nstead
ree jatty ace
Add methyl| Test for (and of 1ewdue from
first poirtion or

(Vi)

orange and ti-
trate for alkale
carbonate (and
borate, silicate,
or alumimate 1f

if necessary de
termine) sulphate,
borate, silicate,
and aluminate

(IX)

used for additional
tests or deter mina-
tions (X))

present) (IX)

A cake of soap exposed to the air dries rapidly at the suiface,
forming a horny layer which to some extent prevents the evap-
otation of water from the interior In sampling such a soap 1t
18 unportant to 1emember this varation 1 water content of
difterent parts of the same cake. If the sample 1s to 1epresent
the individual cake as 1t existed at the time of commencing the
analysis, « number of sections through the entire cake should
be taken either by shicing or by means of a coitk borer or a
cheese or butter sampler. Often the purpose of the analysis 18
to show the composition of the sample as originally sold, 1n
which case the dried surface should be rejected and the sample
taken from the center of the cake. The sample for analysis
should be 1educed quickly to fine shavings and kept 1n a tightly
stoppered bottle

DrraiLs oF DETERMINATIONS INDICATED IN THE SCHEME

1. Determination of Water

If the soap 1s very haid and dry, 1t may be reduced to fine
shavings and dried on a watchglass, heating first for some time
at 40° to 60° and then fimshing at 105° to 110°. Very few
soaps can be completely freed from moistmi® 1n this way, but
some others may be sufficiently dried for the ether extraction,
while the moisture determination 1s made on a separate sample
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as follows Dissolve about two grams of soap 1n the mmmum
quantity of hot strong alcohol and evaporate on clean dry sand
Fimish the drying at 110° with frequent stirring, a small rod
having been weighed with the dish  For approximate deter-
mination of moisture Allen recommends Smith’s method Heat
5 to 10 grams of finely divided soap 1n a large poicelain crucible
on a sand bath over a small Bunsen flame Stir continually
with a small glass rod (weighed with the crucible) having a
roughened end to facilitate breaking any lumps of soap which
may be formed Continue heating until there 1s no more evi-
dence of water being expelled, then test by removing the burner
and placing a cold glass at once over the crucible  If no moist-
ure condenses on the glass, the soap 1s considered dry. With
practice the drying can be finished 1n 20 to 80 minutes Any
burming of the soap 1s readily detected by the odor. The
results are said to be reliable to 0.25 per cent.

11 Petroleum Ether FErtract

Transfer the thoroughly diled soap to a paper *fat extraction
thimble,” plug tightly with fat-free cotton and treat in a Soxh-
let extractor,! heated on a safety water bath or electiic heater,
with petroleum ether of nearly constant boiling point  Regu-
late the heating so that the extractor fills to the siphoning point
in ten or fifteen minutes and continue the extraction for four
to six hours. Disconnect the extiaction apparatus (observing
that no free flame 1s near) as the solvent flows through the
siphon to the flask; remove the thimble, reconnect the appara-
tus, and recover the solvent by placing a wide, short test-tube 1n
the space previously occupied by the thimble, or by allowing
the solvent to collect in this space and removing 1t before 1t
reaches the top of the siphon. Having expelled nearly all of
the petroleum ether, heat the flask contaiming the extract in a
boiling water oven to constant weight.

The petroleum vether extract of a commercially pure soap

1The parts of the Soxhlet extractor may be connected by ground glass joints,
by mercury seal, or by corks covered with tinfoil.
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may contain unsaponified fat (or free fatty acids, which are
now largely used 1n soap-making) as well as the ‘ unsaponifiable
matter” of the original soap giease Hydrocarbons, phenols,
and other substances soluble 1n petroleum ether may also be
found 1n mixed and “medicated” soaps Allen? gives direc-
tions for the systematic examination of this extract, including
the quantitative determination of phenol 1f present.

II1. Iaberation of Fatty and Resin Acrds

Decompose the water solution of the soap by adding a consid-
erable excess (allow 5 to 7 cc. of normal acid for each gram of
dry soap) of normal or half-normal sulphurie, mtrie, or hydro-
chloric acid  Add the entire amount of acid at once, boil, stir
thoroughly for some minutes, and keep the solution hot until
the fatty acids collect at the suiface, leaving the water solution
nearly clear, then complete the separation as in the determina-
tion of insoluble acids i butter

It 18 convenient to liberate the fatty acids in a tared beaker
m which they can afterward be dried and weighed (V). If
the fatty acids are liquid at ordinary temperature or form a
cake too soft to be handled conveniently, a known weight of
dry bleached beeswax or stearic acid may be added to the hot
solution. The fatty acids become incorporated with the wax
and on cooling a firm cake 1s obtained.

IV Solution separated from Fatty Acds

This solution contains, 1n the form of sulphate (or chloride 1f
hydrochloric acid be used to decompose the soap), all the alkali
origmally present as soap, as carbonate (silicate or borate), or
as hydroxide. On titrating this solution with alkali, using
methyl orange as indicator, the amount of acid found to have
been neutralized gives a measure of the total alkali of the soap.?

1Commercial Organic Analysis, Vol II *

2 A quick determination of total alkali can also be made by burning a weighed
portion of the soap to a white ash and determining the alkalinity of this ash, using
methyl orange as indicator
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Unless potash 1s known to be present, this total alkali 1s usually
calculated as sodium oxide. The solution also contains any chlo-
rides or other soluble salts, soluble fatty acids, glycerol, suga1,
etc., which the soap may have contained  After titration the
solution can be diluted to a known volume and separate por-
tions taken for qualitative tests and quantitative determinations.

When sulphuiic acid has been used to liberate the tatty acids,
chlorides can be determined 1n a portion of the neutralized solu-
tion. If 1t 1s desned to determine both chloride and sulphate
n this solution, the soap can be decomposed by means of stand-
ard nitric actd It 1s usually more convenient to test for sul-
phates in the 1esidue from the alcohol extraction as described
below.

Soluble fatty acids will be found 1n this solution 1f the liberated
acids of coconut or palm-nut o1l soaps are washed with hot
water, as 18 often recommended. When the fatty acids aie
separated cold and washed with cold water only, the amount
dissolved can usually be neglected without appieciable eiror.

Sugar, 1f present, 1s detected in a part of this solution  After
further treatment with acid to insure complete hydrolysis, the
invert sugar 1s determined either volumetrically or gravimetri-
cally (Chapter 1II) Sugar may also be detetmined by means
of the polariscope, using a separate portion of the sample and
precipitating the fatty acids as insoluble barium soaps !

In the absence of sugar and other interfering substances,
glycerol can be determined by treating a portion of the neu-
tialized solution directly with sulphuric acid and standard
dichromate as described beyond. Since the results thus found
are often too high, because of the presence of organic impurities,
Lewkowitsch recommends the following method Decompose
the water solution of the soap with sulphuric acid, separate the
fatty acids, neutialize the filtrate with barium carbonate, evapo-
rate to a sirup, and extract with a mixture of 8 parts 95 per
cent alcohol and 1 part ether The glycerol thus obtained can
be determined by the acetin method after complete removal of
alcohol.

1Treyer Ocsterr Chem Ztg , 1900, 3, 25, Analyst, 1900, 25, 127
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V. Mixzed Fatty and Resin Acids

The mixture of acids liberated as alieady described (IIT) 18
diied to constant weight 1n a boiling water oven 1n a weighed
flat-bottomed dish or beaker as in the determination of the
insoluble acids 1in butter fat. The weight having been found,
test a portion for 1esin acid by the Liebermann-Storch reaction
as described under drying oils (Chapter X)  In the absence of
resin acids 1t may be possible to show the nature of the fat from
which the soap was made, by examining the mixed fatty acids
according to the methods used 1n 1dentifying fats and oils as
described 1n Chapters VIII to XI, consulting special works
such as those of Lewkowitsch or Benedikt-Ulzer for the “con-
stants” which cannot be inferied from the properties of the cor-
responding fats  The separation of fatty and resin acids 1s best
accomplished by Zwatchell’s method based upon the difference of
behavior of these acids when exposed 1n alcoholic solution to
the action of hydrochloric acid By this tieatment fatty acids
are converted to ethyl esters, while resin acids remain practically
unchanged. The method 1s carried out by Lewkowitschl as
follows. Weigh 2 to 3 grams of the mixed acids 1n a flask,
dissolve 1n 10 times their volume of absolute alcohol, immerse
the flask 1n cold water, and pass a cuirent of dry hydrochlorie
acid gas through the solution for an hour, then dilute the con-
tents of the flask (which will have separated into two layers)
with & times 1ts volume of water and boil until the aqueous
solution has become clear, the esters, with resin acids in solu-
tion, floating on top. Transfer the contents of the flask to a
separating funnel by means of 50 cc of petroleum ether (boil-
g below 80°), shake, allow to separate, draw off the acid
solution, and wash the petroleum ether layer once with water.
After the latter has separated completely and been removed,
add a solution of 0.5 gram of potassium hydroxide and 5 cc.
of alcohol 1n 50 cc. of water; shake, and allow to separate.
The ethyl esters remain dissolved 1n the petroleum ether, while
the resin acids are extracted by the dilute alkaline solution

1 Ouls, Fats, and Waxes (4th Ed ), p 501
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forming soaps. Draw off the soap solution, wash the petro-
leum ether solution again with dilute alkali, unite the alkalne
solutions; liberate the 1esin acids by means of hydiochloric
acid, collect, dry, and weigh them as in the determination of
liberated fatty acids.

The 1esin acids can be titrated after washing free from
hydrochloric acid, 1nstead of being separated and weighed.
The volumetric method 1s more rapid than the gravimetiic, but
necessitates the assumption of a combining weight (346) for
the resin acids, which 1s hable to considerable inaccuiacy.
According to Lewkowitsch, the results by the volumetric
method are hikely to be too high; those by the gravimetric
method too low.

V1. Extraction with Alecohol

Dry soap can be extracted with 95 per cent alcohol ; for
wet soap stronger alcohol should be used, so that after taking
up the moistuire of the sample 1t will still be too strong to dis-
solve an appreciable amount of caibonate The alcohol to be
used must first be verv carefully neutralized, using phenol-
phthalein as mdicator In tlus neutralization theie 1s danger
of adding an excess of alkall unless 1t 18 remembered that the
full pink color of the indicator will not appear 1n alcohol of
this strength. If difficulty 1s experienced n detecting the
neutral point, a small amount of the alcohol can be 1emoved
and mixed with an equal volume of boiling water to bring out
the color of the indicator

While the extraction of the soap with alecohol 1s often carried
out 1n open vessels, filtering and washing in the ordinary way,
1t 18 usually more satisfactory to use the Soxhlet extractor.
The soap can be put in a paper thimble as in the petroleum
ether extraction, or between plugs of cotton 1n a glass tube
with perforated bottom. In the latter case the progiess of
the extraction can be watched without disconnecting the
apparatus. Wbken the extraction 1s complete, the residue
should be 1n powder form. If distinct pieces remain, these
may contain soap which has been protected from the action
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of the alcohol by the formation of a layer of insoluble salts
In ‘his case remove and crush the residue, replace, and
extract again

VII. Free Caustic Alkali or Fatty Acid

To the alcoholic extract add a few drops of neutralized phe-
nolphthalein solution. If the solution reacts alkaline, titrate
with tenth-normal acid for caustic alkali; if acid, titrate with
tenth-normal alkali for free acid. For a further discussion of
this extract, including a rapid method for the partial analysis
of soaps, see Allen.

VIIT Residue Insoluble in Alcohol

It 1s advisable to dry and weigh this residue so that the per-
centage of impurities not actually determined can be found by
difference. A microscopic examination may also be of use in
determining the subsequent treatment Staich and gelatin 1f
present could be separated from carbonate, borate, and sulphate
by dissolving the latter salts in cold water , but silicate would
probably be mcompletely dissolved, and it 1s therefore better
as a rule to extract with hot water and to use separate portions
of the soap, 1f necessary, for the determination of starch and
gelatin  In such a case extract the soap with alcohol and in
the residue determine starch as described 1n Chapter V, or
determine mtrogen by the Kjeldahl method and calculate the
corresponding amount of gelatin, taking the nitrogen content
of the latter as 17 9 per cent.!

IX. Carbonate, Silicate, Borate, and Aluminate

Add to the water extract from the residue insoluble 1n
aleohol an excess of standard acid and boil to insure decom-
position of the silicate. If 1t 15 1mportant to distinguish quan-
titatively between carbonate and the other alkaline salts
present, the carbonic acid given off during this boiling can be
collected and weighed. Add methyl orange as indicator and

1 Richards and Gies Am J Physwol, 1902, 7, 129,
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titrate with standard alkali to determine the total amount of
alkali which was present as carbonate, silicate, boiate, rand
aluminate.

To a portion of the solution add hydrochloric acid 1n excess,
evaporate to small volume, and test for boiuic acid by means of
turmeric paper , when dry, heat at 110° take up with dilute
hydrochloric acid, filter out, and determine silica, if present.

Other portions of the solution or the filtrate from silica can
be used for the detection and determination of sulphates, alu-
minates, etc.

X. Insoluble Matter

This residue should be dited to constant weight at 100° a
portion examined microscopically and the remainder ignited and
weighed. If over 1 per cent of insoluble mineral matter 1s
found, 1t should be analyzed Among the substances which
may be found in this residue are oatmeal, bian, sawdust, clay,
chalk, steatite, infusorial earth, pumice, sand, mineral pigments,
ete.

CALCULATION AND INTERPRETATION OF RESULTS

In the case of hard soap, the results of the partial analysis
usually required may be reported as follows :

Water ; unsaponified fat and unsaponifiable matter , fatty
and resin anhydrides (97 per cent of the weight of fiee acids);
sodium oxide combined as soap ; sodium hydroxide ; sodium
carbonate , 1nsoluble organic matter , insoluble mineral matter.
It 13 well to report also the total alkali in terms of sodium
oxude.

The purpose for which a soap 1s intended must be known be-
fore an opinion as toits quality can safely be formed. In most
cases the percentage of alkali combined as soap 1s the best
measure of the amount of actual soap 1n the material, but for
special purposes the presence or absence of other constituents
18 often of greater umportance.

Toilet soaps should contain as little free alkali (either caustic
or carbonate) as possible. Alder-Wright divided toilet soaps
into three classes according to the proportion of free alkal to
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alkali combined as soap. The first class included those soaps
which contained less than 2.5 per cent as much free as com-
bined alkali, the second, those in which the percentage was
2.5 to 7.5; the third, those containing over 7.5 per cent as
much free as combined alkalli  In judging the quality of toilet
soaps 1t 18 also 1mportant to consider the proportions and nature
of all foreign matter, the amount of water, the hardness of the
soap, and 1n some cases the origin must be sought by an exam-
nation of the fatty acids. The more expensive ¢ transparent ”
toilet soaps may contain alcohol or glycenin, in cheaper grades
a stmilal appearance 1s obtained by the addition of sugai.

Household soaps are made trom cheaper and softer fats than
those used for toilet soap. Alkali in the form of carbonate,
silicate, or borate 18 not objectionable unless present in exces-
sive amount  No appieciable amount of sugar or glycerol 1s
likely to be present. Scouiing soaps often contain large
amounts of pulverized quaitz, infusonal earth, etc, and are
sometimes strongly alkaline with sodium carbonate or hydrox-
wde

For discussion of the adaptability of different types of soaps
to specific uses see 1eferences at the end of the chapter.

GLYCEROL

Glycerol 1s a colorless, odorless, viscous hiquid of sweet taste
and neutial reaction, miscible 1n all proportions with water
and with alcohol. It also dissolves in mixtures of alcohol and
ether, but 1s only very sparingly soluble 1n puie ether?!and 1s
practically insoluble m chloroform, carbon disulphide, and
benzene The specific gravity of pure glycerol at 15° referred
to water at the same temperature 1s variously stated at from
1.265 to 1 2677. Anhydrous glycerol boils at about 290°, but
evaporates rapidly at lower temperatures (160° or over), and
the evaporation 1s greatly accelerated by the presence of a small
amount of water. When kindled, glycerol burns with a blue
flame and leaves no carbonaceous residue. *

1 According to Lewkowitsch, one part of glycerol of 1.23 sp gr. dissolves in
about 500 parts of ether
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These properties, together with the fact that 1t yields acrolein
when heated with acid potassium sulphate, are usually sufficient
for the 1dentification of glycerol when 1n a fairly pure and con-
centrated state.

Glycerol 1s a good solvent for many substances, both organic
and 1norganic, and 1ts presence often increases their solubility in
aqueous and alcoholic solutions  This fact and the dafficulty of
distilling without loss make 1t troublesome tosepaiate glycerol as
a pure aqueous solution as 1s done 1n the determination of alcohol.

The percentage of glycerol in commercial glycerin 1s usually
determined either by acetylating the glycerol and finding the
amount of acetin by saponification (acetin method), or by
quantitative oxidation of the glycerol by means of standard
potassium dichromate (dichromate method).  The acetin
method requires that the glycerol be concentrated, and that
other acetylizable substances 1f present shall be corrected for ;
the dichromate method requues the removal of chloiides and
all organic substances which would be oxidized by the dichro-
mate treatment.

ANALYSIS OF CRUDE GLYCERIN

In recent years the inciease in price of crude glycerin has
resulted 1n the manufacture of glycerin from lower-giade fats
than before, with the result that the product often contains
impurities which behave so much like glycerol as to introduce
serous discrepancies 1n the analytical determination of glycerol
in crude glycerin. This led to the appointment of commuittees,
both 1n this country and in Europe, to study methods of glyc-
erin analysis. Representatives of these committees met as an
international committee, which, after nvestigation, decided
that the acetin method should be the basis on which glycerin
should be bought and sold, but that the dichromate method, be-
ing more convenient for factory control, might continue to be
used for some technical purposes in a properly standardized
form. The methods recommended by the international com-
mittee for sampling and analysis of glycerin are as follows . 1

1J Ind Eng Chem , 3, 679-686
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Sampling

The most satisfactory method available for sampling crude
glycerin hable to contain suspended matter, or which 1s hable
to deposit salt on settling, 1s to have the glycerin sampled by a
sampler mutually approved by the buyer and seller as soon as
possible after the glycerin 1s filled into drums, but in any case
before any separation of salt has taken place. In such cases he
shall sample with a sectional sampler (see appendix to original
report), then seal the drums, brand them with a number for
1dentafication, and keep a record of the biand number. The
presence of any visible salt or other suspended matter 18 to be
noted by the sample1, and a 1eport of the same made 1n his cer-
tificate, together with the temperature of the glycerin. KEach
drum must be sampled. Glycerin which has deposited salt or
other solid matter cannot be accurately sampled from the drums,
but an approximate sample can be obtained by means of a sec-
tional sampler which will allow a complete vertical section of
the glycerin to be taken, including any deposit.

Analysis

1 Determination of Free Caustic Alkali. — Put 20 grams of
the sample mto a 100-cc. flask, dilute with approximately 50 cc.
of fieshly boiled distilled water, add an excess of neutral bartum
chloride solution, 1 cc. of phenolphthalein solution, make up to
the mark, and mix. Allow the precipitate to settle, draw off
50 cc. of the clear iquid. and titrate with normal acad  Calcu-
late the percentage of caustic alkah as Na,O

2  Determumnation of Ash and Total Alkalumity — Weigh 2-5
grams of the sample 1n a platinum dish, burn off the glyceiin
over a luminous Argand burne: or other source of heat at a low
temperature, to avoid volatilization and the formation of sul-
phides. When the mass 1s thoroughly charred, stir with hot
water, filter, wash, and 1gnite the residue 1n the platinum dish.
Return the filtrate and washings to the dish, evaporate the
water, 1gnite carefully, avoiding fusion, and weigh the ash. Dis-
solve the ash 1n water and titrate total alkalinity, using as indi-
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cator methyl orange 1n a cold solution, or litmus, 1f the solution
15 boiled .

3. Determination of Alkali present as Carbonate.— Take 10
grams of the sample, dilute with 50 cc. water, add sufficient
normal acid to neutralize the total alkali found at (2), boil
under a reflux condenser for 15-20 minutes, wash down the
condenser tube with water free from carbon dioxide, and then
titrate the free acid in the solution with normal sodium hydrox-
1de, using phenolphthalemn as indicator  Calculate the percent-
age of Na,0, deduct the Na,O found 1n (1). The difference 1s
the alkali present as carbonate expressed 1n terms of Na,O

4. Alkals combined with Organic Acids — The sum of the
percentages of Na,O found at (1) and (3) deducted from the
percentage found at (2) 1s a measure of the Na,O or other
alkali combined with organic acids.

5. Determination of Acrdity. —Take 10 grams of the sample,
dilute with 50 cc. distilled water free from carbon dioxide, t1-
trate with normal sodium hydroxide, using phenolphthalein as
indicator, and express the result i terms of Na,O requuied to
neutralize 100 grams.

6 Determination of Total Residue at 160° ¢ —For this de-
termination the ciude glycerin should be shghtly alkaline with
sodium carbonate, not exceeding 0.2 per cent Na,O 1n order to
prevent loss of organic acids To avoid the formation of poly-
glycerols, this alkalinity must not be exceeded.

Ten grams of the sample are put in a 100-cc. flask, diluted
with water, and the calculated quantity of normal hydrochloiie
acid or sodium carbonate added to give the required degiee of
alkalimty. The flask 1s filled to 100 cc, the contents mixed,
and 10 cc. measured into a weighed flat-bottomed glass dish 2.5
inches 1n diameter and 0.5 inches deep. In the case of crude
glycerins abnormally high 1n organic residue a smaller amount
should be taken so that the organic residue shall not materially
exceed 30-40 milligrams.

The dish 15 placed on a water bath (or on top of the oven kept
at 160°) until most of the water has evaporated, then placed 1n
an oven at 160° leaving the door of the oven open so as to have
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a temperature of 130°-140° until the glycerin, or most of 1t,
hag evaporated. When only a slight vapor 1s seen to come off,
the dish 1s removed, allowed to cool, and 0.5 to 1 ec of water
added and by a rotary motion the residue brought wholly or
neatly into solution. The dish 1s then allowed to stand on top
of the oven until the water has evaporated and the residue 1s
sufficiently dry to prevent spurting, when 1t 1s placed in the
oven at 160° C. The dish 1s then kept mn the oven carefully
maintained at 160° C. for one houi, when 1t 18 removed, cooled,
the residue treated with water, the water evapoiated, and the
residue subjected to a second baking of one hour, after which
the dish 1s allowed to cool i1n a desiccator over sulphurie acid
and weighed

The treatment with water, etc , 1s repeated until a constant
loss of 1 to 1 5 milligram per hour 1s obtained.

In the case of acid glycerin, a coirection must be made for
the alkali added, 1 ¢¢ normal alkali representing an addition of
0.03 gram to the residue In the case of alkaline glycerins a
correction should be made for the acid added, by deducting the
increase 1 weight due to the conversion of sodium hydroxide
and sodium carbonate to sodium chloride  The corrected weight
multiplied by 100 gives the percentage of total residue at 160° C.

This residue 18 used for determination of the non-volatile
acetylizable 1impurities as described under the acetin method
below

T Organic Residues — Subtract the ash from the total residue
at 160° C  Report as orgamc 1esidue at 160° C (1t should be
noted that alkaline salts of fatty acids are converted into car-
bonates on 1gnition and that the carbon dioxide thus derived is
not included 1n the organic residue)

Glycerol by Acetin Method

This process 1s the one agreed upon at a conference of dele-
gates from the American, British, French,and German Commut-
tees, and has been confirmed by each of the above committees
as giving results nearer to the truth than the dichromate
method on crude glycerins 1n general. It 1s the process to be
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used (if applicable) whenever only one method 1s employed.
On pure glycerins the results are identical with those obtained
by the dichromate process. For the application of this method
the crude glycerin should not contain over 60 per cent water.

Reagents. — (A) Best acetic anhydride. — This should be
carefully selected. A good sample must not require more than
0.1 cc. normal sodium hydroxide for saponification of the im-
purities 1n a blank test on 75 cc. Only a shght color should
develop during digestion of the blank.

The anhydride may be tested for strength by the following
method Into a weighed stoppered vessel, containing 10 to 20
cc. of water, run about 2 cc. of the anhydride, replace the stop-
per, and weigh. Let stand, with occasional shaking, for several
hours, to permit the hydiolysis of all the anhydiide; then dilute
to about 200 cc , add phenolphthalein, and titrate with normal
sodium hydroxide. This gives the total acidity due to free
acetic acid and acid formed trom the anhydride. It 1s worthy
of note that in the presence of much free anhydride a compound
18 formed with phenolphthalein, soluble 1n alkali and acetic
acid, but insoluble 1n neutral solutions. If a turbidity 1s
noticed toward the end of the neutralization, 1t 1s an indication
that the anhydride 1s incompletely hydrolized, and inasmuch
as the indicator 1s withdrawn from the solution, results may be
incoirect.

Into a stoppered weighing bottle containing a known weight of
recently distilled anmiline (trom 10 to 20 cc ) measure about 2 cc.
of the sample, stopper, m1x, cool, and weigh. 'Wash the contents
nto about 200 cc. of cold water and titrate the acidity as before.
This yields the acidity due to the original preformed acetic acid
plus one half the acid due to anhydride (the other half having
formed acetanilide); subtract the second result from the fiist
(both calculated to 100 grams) and double the result, obtaining
the cubic centimeters of normal sodium hydroxide per 100 grams
of the sample. Each cubic centimeter equals 0.0510 gram an-
hydride. .

(B) Pure fused sodium acetate.— The purchased salt 1s
again completely fused in a platinum, silica, or mickel dish,
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avoiding charring, powdered quickly and kept in a stoppered
bottle or desiccator. It 1s important that the sodium acetate be
anhydrous.

(C) A solution of sodium hydroxide for neutrahzing, of
about normal strength, free fiom carbonate. — This can be
readily made by dissolving pure sodium hydroxide in its owr
weight of water (preferably free fiom carbon dioxide) anc
allowing to settle until clear or filtering through an asbestos o
paper filter. The clear solution 1s diluted with water free fron
carbon dioxide for the strength required.

(D) Normal sodium hydroxide free fiom carbonate. — Pre
pared as above and carefully standardized. Some sodium hy
droxide solutions show a maiked diminution n strength afte
being boiled, such solutions should be rejected.

(F) Normal acid carefully standardized

(#) Phenolphthalein solution, a one half per cent solution n
alcohol, neutralized.

Method —In a narrow-mouthed flask (preferably rounc
bottom), capacity about 120 cc, which has been thoroughl;
cleaned and dried, weigh accurately and as rapidly as possibl
1.25 to 1 5 grams of the glyceiin A Grethan or Lunge pipett:
will be found convenient Add about 3 grams of the anhy
dious sodium acetate, then 7.5 cc. of the acetic anhydride, anc
connect the flask with an upright Liebig condenser. For con
venience the inner tube of this condenser should not be over 5
cm. long and 9 to 10 mm. inside diameter. The flask 1s con
nected to the condenser by either a ground glass joint (prefer
ably) or a rubber stopper. If a rubber stopper 1s used, 1
should have a prehminary treatment with hot acetic anhydrnd
vapor. Heat the contents and keep just boiling for one howm
taking precautions to prevent the salts drying on the sides o
the flask. Allow the flask to cool somewhat, and through th
condenser tube add 50 cc. of distilled water, free from carbo
dioxide, at a temperature of about 80° C., taking care that th
flask 18 not loosened from the condenser. oChe object of cool
g 18 to avoud any sudden rush of vapors from the flask o
adding water and to avoid breaking the flask. Time 1s save
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by adding the water before the contents of the flask solidifies,
but the contents may be allowed to solidify and the test pro-
ceeded with the next day without detriment, bearing in mind
that the anhydride 1n excess 1s much moie effectively hydro-
Lized 1n hot than in cold water The contents of the flask may
be warmed to, but must not exceed, 80° C, until the solution 1s
complete except a few dark flocks representing oiganic 1mpur-
ities 1n the crude glycerin. By giving the flask a rotary
motion, solution 1s more quickly effected

Cool the flask and contents without loosening from the con-
denser When quite cold wash down the inside of the con-
denser tube, detach the flask, wash off the stopper or ground
glass connection 1nto the flask, and filter the contents thiough
an acid-washed filter into a Jena glass flask of about one liter
capacity. Wash thoroughly with cold distilled water, free
from carbon dioxide Add 2 ce. of phenolphthalein solution
(F'), then run 1 caustic soda solution (C) or (D) until a faint
pinkish yellow color appears throughout the solution This
neutralization must be done most carefully , the alkali should
be run down the sides of the flask, the contents of which are
kept rapidly swinling with occasional agitation or change of
motion until the solution 1s nearly neutrahized, as indicated by
the slower disappearance of the color developed locally by the
alkali running into the mixture. When this point 1s reached,
the sides of the flask are washed down with carbon-dioxide-free
water, and the alkali subsequently added drop by drop, mixing
after each diop until the desired tint 1s obtained.

Now run 1n from a burette 50 cc. or a calculated excess of
normal sodium hydroxide (D) and note carefully the exact
amount. Boil gently for fifteen minutes, the flask being fitted
with a glass tube acting as a partial condenser. Cool as
quickly as possible and titrate the excess of sodium hydroxide
with normal acid (£) until the pinkish yellow or chosen end
point color just remains !

e
1 A precipitate at this point 18 an 1ndication of the presence of iron or alu-
minium and high results will be obtained unless a correction 18 made as described
below
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A further addition of the indicator at this point will cause
an mcrease of the pink color, this must be neglected and the
first end point taken.

From the amount of normal sodium hydroxide consumed,
calculate the percentage of glycerol (including acetylizable
impurities) after making correction for the blank test described
below.

1 cc. normal sodium hydroxide corresponds to 0.03069 gram
glycerol.

The coefficient of expansion for normal solutions 1s 0.00033
per cubic centimeter for each degree C. A correction should
be made on this account, if necessary

Blank Test — As the acetic anhydride and sodium acetate
may contain impurities which affect the result, 1t 18 necessary
to make a blank test, using the same quantities of acetic
anhydrnde, sodium acetate, and water as in the analysis. It 1s
not necessary to filter the solution ot the melt in this case, but
suffictent time must be allowed for the hydrolysis of the
anhydride befoie proceeding with the neutralization  After
neutralization 1t is not necessary to add moie than 10 ce. of
normal alkali (D), as tlus 1epresents the excess usually present
after the saponification of the average soap lye ciude glycerin.
In determining the acid equivalent of the normal sodium
hydroxide, however, the entire amount taken in the analysis,
50 cc., should be titrated after dilution with 300 cc. of water
free from carbon dioxide and without boiling

Determination of the Glycerol Value of the Acetylizable Im-
purities. — The total residue at 160° C. 1s dissolved 1n one or
two cubic centimeters of water, washed into the acetylizing
flask, and evaporated to dryness. Then add anhydrous sodium
acetate and acetic anhydride 1n the usual amounts and proceed
as described in the regular analysis. After correcting for the
blank calculate the result to glycerol.

Calculation of the Actual Glycerol Contents. — (1) Determine
the apparent percentage of glycerol in the sample by the acetin
process as described. The result will include acetylizable
impurities, 1f any are present.
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(2) Determine the total residue at 160° C.

(8) Determine the acetin value of this residue in terms of
glycerol.

(4) Deduct the result found at (3) from the percentage
obtamed at (1) and 1eport this corrected figure as glycerol. If
volatile acetylizable impurities are present, these are included
mn this figure.

Trimethyleneglycol 1s more volatile than glycerol and can
therefore be concentrated by fractional distillation. An ap-
proximation to the quantity can be obtamned from the differ-
ence between the results by the acetin and by the dichromate
method on such distillates. The difference multiplied by 1.736
will give the glycol

Glycerol by Drchromate Method

Reagents — (A) Puie potassium dichromate powdered and
dried 1n air fiee from dust or organic vapors at 110° to 120° C
This 1s taken as the standard.

(B) Dilute dichromate solution. — 7 4564 grams of the
above dichromate are dissolved 1n distilled water and the solu-
tion made up to one hiter at 15.5° C.

(C) Ferrous ammonum sulphate — It 1s never safe to as-
sume this salt to be constant in composition and 1t must be
standardized against the dichromate as follows Daissolve
3.7282 grams of dichromate (A4) in 50 cc. of water. Add
50 cc. of 50 per cent sulphuric acid (by volume) and to the
cold undiluted solution add from a weighing bottle a moderate
excess of the ferrous ammonium sulphate and titrate back with
the dilute dichromate (B) Calculate the value of the ferrous
salt 1n terms of dichromate.

(D) Silver carbonate — This 1s prepared as required for
each test from 140 cc. of 0.5 per cent silver sulphate solution
by precipitation with about 4.9 ce. normal sodium carbounate
solution (a little less than the calculated quantity of sodium
carbonate should be used, as an excess prevents rapid settling).
Settle, decant, and wash once by decantation.

(E) Subacetate of lead — Boil a 10 per cent solution of pure
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lead acetate with an excess of litharge for one hour, keeping the
votume constant, and filter while hot. Disregard any precip-
tate which subsequently forms. Preserve out of contact with
carbon dioxide.

(F) Potassium ferricyanmide. — A very dilute freshly pre-
pared solution containing about 0 1 per cent.

Method. — Weigh 20 grams of the glycerin, dilute to 250 cc.,
and take 25 cc. Add the silver carbonate, allow to stand with
occasional agitation for about ten minutes, and add a shght
excess (about 5 cc. 1n most cases) of the basic lead acetate (E);
allow to stand a few minutes, dilute with distilled water to
100 cc. and then add 0 15 cc to compensate for the volume of
the precipitate ; mix thoroughly, filter through an air-dry filter
mnto a smtable narrow-mouthed vessel, rejecting the first 10 cc.,
and return the filtrate, 1f not clear and bright. Test a portion
of the filtrate with a little basic lead acetate, which should
produce no further percipitate (in the great majority of cases
5 cc. are ample, but occasionally a crude glycerin will be found
requiring more, and 1n this case another portion of 25 cc of
the dilute glycerin should be taken and purified with 6 cc of
the basic acetate). Care must be taken to avoid a marked
excess of basic acetate.

Measure off 25 ce. of the clear filtrate into a flask or beaker,
previously cleaned with potassium dichromate and sulphuric
acid. Add 12 drops of sulphuric acid (1 to 4) to precipitate
the small excess of lead as sulphate. Add 38.7282 grams of
the powdered potassium dichromate (A4). Rinse down the
dichromate with 25 cc. of water and let stand with occasional
shaking until all the dichromate 1s dissolved (no reduction will
take place in the cold)

Now add 50 cc. of 50 per cent sulphuric acid (by volume)
and 1mmerse the vessel in boiling water for two hours and
keep protected from dust and organic vapors, such as alcohol,
until the titration 1s completed. Add from a weighing bottle
a slight excess of the ferrous ammonium sulphate (), making
spot tests on a porcelain plate with the potassium ferricyamde
(F). Titrate back with the dilute dichromate. From the
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amount of dichromate reduced, calculate the percentage o

glycerol. ’
One gram glycerol = T 4564 grams dichromate

One gram dichromate = 0.13411 gram glycerol.

The percentage of glycerol obtained above includes an;
oxidizable impuiities present after purification A correctio:
for the non-volatile impurities may be made by running a d1
chiomate test on the residue at 160° C.

Notes. — (1) It 18 1mportant that the concentration of acic
in the oxidation mixture and the time of oxidation should b
strictly adhered to.

(2) Before the dichromate 1s added to the glycerin solutior
1t 1s essential that the slight excess of lead be precipitated witl
sulphuric acid as stipulated

(3) For crude glycerins practically free from chlorides the
quantity of silver carbonate may be 1educed to one-fifth anc
the basic lead acetate to 0 5 cc

(4) It 1s sometimes advisable to add a little potassium sul
phate to insure a clear filtrate

An appendix to the committee report fiom which the above
methods are taken describes and illustrates a new foim o
sampling tube for taking samples ot crude glycerin fron
drums.
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CHAPTER XIV
Nitrogen, Sulphur, and Phosphorus

THE DETERMINATION OF NITROGEN

THE well-known copper oxide method of Dumnas, sometimes
called the absolute method, has the advantage ot being applicable
to all classes of mitiogen compounds In the gireat majority of
cases, however, it 1s equally accurate and much more conven-
1ent to use one of the methods based upon the conversion of
nmitrogen to ammoma and the determination of the latter by
titration.

Befoire the introduction of the Kjeldahl process, the soda-
lime method of Will and Varientrap was commonly used. In
this method the finely giound substance 1s mixed with a laige
excess of soda lime and heated 1n a combustion tube, the am-
monia given off being absoibed in standard acid. In order to
msute the reduction of nitro-compounds or nitrates, this method
was modified by the introduction of stannous sulphide (Gold-
berg); of sodium formate and sodium thiosulphate (Arnold),
or of sodium thiosulphate and a mixture of equal parts sulphur
and powdered sugar or charcoal (Ruffle) The soda-lime
method has now been very generally superseded by the various
modifications of the Kjeldahl process.

TeE KJELDAHL METHOD

In this process the substance 1s decomposed by heating with
strong sulphuric acid, usually with the addition of some reagent
which assists the decomposition either by raising the boiling
point or by acting as a carrer of oxygen. When decomposition
18 complete, the mitrogen remains as ammonium sulphate 1n the
sulphuric acid, the carbon and hydrogen of the substance hav-
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ing been oxidized and the products of oxidation boiled out of
the®solution  The oxidation takes place partly at the expense
of the sulphuric acid, so that a considerable evolution of sulphur
dioxide occurs, especially in the earlier stages of the process.
After the completion of the digestion, the ammonia 1s hiberated
by means of fixed alkalh and determined by distilling into
standard acid. In the vairlous modifications of the process,
different 1eagents or combinations of reagents are used to hasten
the decomposition of the organic matter by the sulphuric acid.

Kjeldahl originally dnected ! that the substance be heated
with sulphuric acid, with or without the addition of phosphoric
anhydiide, until a clear solution 1s obtained; then potassium
permanganate added 1n small portions to the hot solution until
1t temains permanently colored, the permanganate being added
very cautiously on account of the danger of a loss of mitrogen
if the 1eaction becomes too vigorous

Willfarth 2 introduced the use of mercuric oxide to facilitate
the action of sulphuiic acid, and stated that if the solution be
boiled until coloiless, neither phosphoric anhydride nor potas-
sium permanganate need be used In his earlier experiments
Willfarth used copper instead of mercury  Arnold 3 used both
mercury and coppel 1n addition to phosphoric anhydride.

Gunning ¢ used for the digestion a simple mixture of sulphuric
acid with one third to one half 1ts weight of potassium sulphate.
Arnold and Wedemeyer ® modified the Gunning process by the
use of mercury and copper 1n addition to the potassium sulphate.
By this modification the time required to decompose the organic
matter was greatly reduced and good results were obtained
with a number of alkaloids and other compounds which had
not readily yielded the whole of their mitrogen when treated
by the methods previously used Independently Dyer® ob-
taned equally good results on a wide range of organic com-

1Z anal Chem , 1883, 22, 366
2 Chem Zentrbl , 1885, [3], 16, 17, 113 .
Y Archw der Pharm , [3], 24, 785, Z anal Chem , 26, 249.
¢Z anal Chem , 1889, 28, 188 5Z anal Chem , 1892, 31, 525.
8J Chem. Soc, 1895, 67, 811
u
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pounds by the use of meicury and potassium sulphate without
copper. ¢

The Official Agiicultuial Chemists authorize ! the Kjeldahl-
Willtarth and the Gunning methods for the analysis of foods,
spices other than peppers, and fertilizers not containing nitiates.
For peppers, to secure complete ammonification of the alkaloidal
nitrogen, the Arnold-Wedemeyer modification of the Gunning
method was provisionally adopted 1n 1902. In the experience of
this laborato1y, the Dyer modification has been found more 1ap1d
and shightly more accurate than either the Kjeldahl-Willfarth or
Gunning method and fully as efficient 1n the case of alkalowds
as 18 the Arnold-Wedemeyer method, while 1t has the advantage
over the latter of requiring one less 1eagent and of yielding a
colorless solution

Applicability of the Kjeldahl Method — The Gunming-Arnold-
Dyer modification, which fo1 the reasons just mentioned 1s rec-
ommended for general use, 1s applicable to all classes of animal
and vegetable substances, including such difficultly decomposable
bases as betaine and pyridine and chinoline alkaloids, and to
cyanmdes, ferrocyamides, and feirricyanides It has also been
tested 2 with good 1esults on many other compounds, including
acetanilid, sulphanilic acid, orthobenzoic sulphinid, aminoben-
zolc acid, benzamid, diaminophenol, naphthylamine, diphenyl-
amine, diphenylthiourea, nitroso-dimethylanmline, indigotin,
pyridine, and oxyphenyl methylpyrimidine.

Jodlbauer’s modihcation,® devised for the determination of
nitrogen 1in mtrates, was found by Dyer to be applicable to nitro-
compounds, to azo-, hydrazo-, and amidoazo-benzene, to carbazol,
and, with the addition of 1 or 2 grams of sugar, to hydroxyl-
amine and oximes Dyer did not obtain the whole of the nitro-
gen of hydrazine derivatives, but Dafert4and Milbauer 5 have
published modifications which are said to give accurate results
with this class of compounds

1 Bulletin 107, Revised, Bureau of Chemistry, U S Dept Agriculture

2 In some cases without the use of mercury See 1n addition to the papers al-
ready cited, that of ibson 1n J Am Chem Soc , 1904, 26, 106

3 Chem Zentrbl , 1886, 3, 17, 433

4 Landw Versuchs-Sta , 1887, 34, 311 5Z anal Chem , 1903, 42, 725
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GUNNING-ARNOLD-DYER MODIFICATION

Reagents. — Pure concentrated sulphuric acid. Mercury.
Pure potassium sulphate Iotassium sulphide solution, 40 grams
per liter. Saturated solution of sodium hydroxide (commercial)
Granulated zine or pumice stone  Paraffin -~ Solution of methyl
orange, congo 1ed, cochineal, lacmoid, or any other indicator
suitable for titiation i the presence of ammonium salts.
Standard solutions of acid and al-
kali, preferably one fifth or one
tenth normal

Determimation — Weigh 05 to
5 0 ¢grams sample, o1 so much as
will probably yield from 50 to 75
milligrams ot ammonia, and t1ans-
fer to a pear-shaped Kjeldahl flask
of 550 to 750 cc capacity  Add 20
to 25 cec concentiated sulphuiie
acid and about 0 7 gram of mer-
cuty DPlace the flask i an 1n-
clined position (Fig 16) and heat
gently until the fiist vigolous
tiothing ceases, then 1a1se the heat
gradually until the hiquid boils,

remon e the flame for a few minutes,
add 10 to 12 grams of potassium I
sulphate, and boil. If the hquid .

Fie 16 — Kjeldahl digestion flask
18 kept’ ;wtua“y boxhng, 1t will 1n position on ordmary ring stand
usually Dbe clear and coloiless
within 30 miutes after the addition of the sulphate. Con-
tinue the boiling for at least 80 minutes after the solution
becomes colorless or 1 any case for one hour from the time
the potassium sulphate 1s added. If the sample contains al-
kaloids, the boiling should be continued for at least three hours
1 all and not less than two hours after the solufion 1s colorless.
When the digestion 1s fimshed, allow the flask to cool for 10 to
15 minutes or to 40°-60° (1f allowed to become thoroughly cold
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the solution solidifies) ; then dilute carefully with 150 to 200
ce. of water , allow to cool, add 25 ce. potassium sulphide solu-
tion, mix well, and then add 75 to 100 cc (o1 enough to make
the 1eaction strongly alkaline?) of a cold saturated solution of
sodium hydroxide, pouring 1t carefully down the side of the flask,
so that 1t does not mix immediately with the acid solution. Add
a few pieces of granulated zinc o1 pumice stone to prevent bump-
ing, and a piece of patathn the size of a pea to dimimsh fiothing ,
connect the flask, preferably by means of a Hopkins distilling
head (¥ig 17), with a condenser, the deliv-
¢.v tube of which dips into 50 cc of tenth
normal sulphurie or hydrochloriec acid o1 1ts
equivalent in the 1ecerver , mix the contents
of the flask by shaking, and dastill until about
one half of the iquud has passed into the 1e-
cewver. Titiate the excess of acid in the
receiver by means of standard alkali, using
J one of the 1ndicators mentioned above
The reagents used should be tested by
making a blank determination with puie
Fic 17 —TheHop- Sugar o1 cellulose, caiymng out all opera-

ks distilingheadn - 10ng 1n exactly the sawe way as m a 1egular
position

analysis

Notes. — If 1n transferning the substance to the flask any par-
ticles or drops should lodge in the neck, they can be washed
down by the sulphuric acid subsequently added. Diy samples
can usually be weighed on a watch glass and brushed into the
flask through a funnel having a wide stem which has been cut
down to a length of about 1 em, or tiansferred by means of
a narrow sti1p of glazed paper. It 1s often more convenient to
weigh the sample on, or transfer to, a small piece of puie filter
paper, fold the latter loosely over the weighed portion, and 1n-
troduce the whole into the flask 1n such a way that the sample
can be easily shaken free from the paper ~The amount of cel-
lulose thus intreduced with the sample does not materially pro-

1 Corallin (rosolic acid) may be used as indicator to show that the contents
of the flask are alkaline before beginning the distillation
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long the time required for digestion, while 1its 1educing effect
may aid 1in the ammonification of any fitmly bound nitrogen
present  Time should be allowed for thorough wetting of the
sample by the sulphuric acid before heat 1s applied. During
digestion a small funnel or balloon stopper may be placed
loosely 1n the mouth of the flask to retard the evaporation of
acid and guard against mechanical loss. The flask may rest
upon a wile gauze, an 1ron plate, or a piece of asbestos having a
circular hole about 4 em. 1n diameter which permits the free
flame of the Bunsen buiner to play upon the flask below the
suiface of the boiling liquud The digestion should be con-
ducted 1n a well-ventilated hood where the air 1s free from any
considerable amount of ammonia In order to hasten the de-
composition of organic matter, Dakinl and Milbauer (I. ¢.)
recommend the use of potassium peisulphate, while Kruger 2
suggests the addition of potassium dichromate 1n excess of the
amount necessaty to oxidize all carbon and hydrogen present.
The method here desciibed 1s, however, sufficiently rapid and
more convenient for ordinary work

The precipitation of mercury as sulphide before rendering the
solution alkaline 1s to prevent the formation of meicur-ammo-
num compounds which do not 1eadily yield their ammonia on
boiling with caustic alkali  An oidina1y Liebig condenser
can be used m this distillation, though block tin tubing 18 gener-
ally preferied as being mo1e resistant to the action of steam and
ammonia. Unless the condenser tube 1s straight and nearly
vertical, 1t 1s safer to rinse 1t out with a lhittle cold distilled
water at the end of the distillation and add the rinsings to the
distillate. The distillation as usually cairied out requizes from
forty minutes to one hour. Only about one third of this time
18 actually required to expel the ammoma from the boiling
solution, and 1f 1t 1s desired to hasten the operation, the steam
can be conducted through tin tubing without condensation into
a cooled receiver ; or, as suggested by Benedict?® the water
which cools the condenser may be drawn off after the solution

1.7 Soc Chem Ind, 1902, 21, 848
2 Ber , 1894, 27, 609 3.J Am Chem Soc., 1900, 22, 259
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has been boiling 15 minutes, and the boiling continued until
enough steam has passed thiough to carry all of the ammoma
from the condenser tube into the receiver. Fixed alkali 1s
preferable to ammoma for the final titration, since the latter
reagent 1s hable to lose strength during use, probably through
evaporation of ammoma fiom the tip of the burette and fiom
the falling drop.

The reasons for preferring the method as above described to
the original Kjeldahl-Willfarth or the Gunning method have
been briefly outlined above. If either of the latter methods 1s
used, the same details of manipulation may be followed except
that the digestion should be continued for at least two hours
after the solution becomes colorless and not less than thiee
hours in all  Even with this longer time of boiling the results
are often shightly low  For the 1esults of a comparative study
of the Kjeldahl-Willfarth, the Gunning, and the above described
method with special 1eference to the time of boiling 1equued
see the Journal of the American Chemical Socrety for Apul and
November, 1904.

METHOD FOR NITRATES AND NITRO-COMPOUNDS

The loss of mitric acid which might otherwise occur when
sulphuric acid 1s poured upon a sample containing nitrates 1s
avoided by having piesent some substance which 1s very easily
mtrated, such as salicylic acid, benzoic acid, or phenol. The
nitrogen having been thus fixed as a nitro-compound, the lat-
ter may be reduced by the addition of zine dust (Jodlbauer) or
sodium thiosulphate (Forster), after which the determination 1s
carried out n the usual manner.

Reagents — Sulphuric-salicylic acid, prepared 1n advance by
dissolving salicylic acid 1n pure concentrated sulphuric in the
proportion of 2 grams of the former to 30 cc of the latter
Zinc dust, an impalpable powder; or crystallized sodium thio-
sulphate. Other reagents as for the method above described

Determination. — To the weighed portion of substance in a
Kjeldahl flask, add 30 cc. of the sulphuric-salicylic acid solu-
tion and shake until thoroughly mixed; then add 5 grams
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crystallized sodium thiosulphate, or add gradually with con-
stamt shaking 2 grams of zinc dust; warm gently until froth-
1ng subsides and then boil until thick white fumes cease to be
given off. Allow to cool somewhat, add mercury and potas-
stum sulphate, and complete the process as described above.
Or the potassium sulphate may be omitted and the oxidation
completed by means of permanganate as 1n the “ modified Kjel-
dahl” method of the Official Agricultural Chemists.

Notes — Thiosulphate 18 the more convenient reducing agent
and can be safely used 1f the amount of mitric nitrogen 1s small
Zinc dust appears to be a safer reagent for samples rich in m-
trates In the presence of considerable amounts of chloride or
of ammonium salts theie 1s danger of a loss of mtrogen as ox-
1de when the sample 1s treated with the sulphuiic-salicylic acid
mixture. In such cases the latter mixture should be thoroughly
cooled before using and then poured as quickly as possible over
the sample and the flask allowed to stand with occasional shak-
ing for at least half an hour befoie the 1educing agent 1s added.
Ten nunutes should be allowed for the reduction to take place
before the solution 1s heated. With these precautions the loss
of mtirogen will be 1educed to an amount too small to be appre-
ciable 1in ordinary work

TIIE DETERMINATION OF SULPHUR

In the various methods employed for the determination of sul-
phur, organic matter 1s destroyed by oxidation and the result-
g sulphuric acid 18 precipitated and weighed as barium sulphate
in the usual way. The chief difficulty lies 1n securing complete
oxidation without loss, since many substances contain sulphur in
forms from which 1t 1s easily liberated as volatile compound.

COMPARATIVE OUTLINE O¥ METHODS

The principal methods of biinging about the oxidation of
the organic matter are

1. By heating with mtric acid or an oxidizygng acid mixture.

2. By burning 1n a combustion tube 1n a current of air, oxy-
gen, or some oxidizing vapor.
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3. By heating in the presence of alkali and completing the
reaction by the addition of an oxidizing agent o

4. By combustion 1 oxygen 1n a closed vessel

Since the choice of a method depends on the nature of the
sample to be examined and the apparatus at hand, no fixed
1ules can be laid down for this purpose Several of the more
mmportant methods are therefore outlined, and three methods
which are especially useful for plant and animal substances are
given 1n full.

Of methods of the first group, that of Carius, which has al-
ready been mentioned 1 the previous chaptel, 1s the most 1m-
portant. It 1s applicable to volatile as well as to non-volatile
substances, but 15 somewhat tioublesome and tedious, and de-
terminations aie frequently lost through breaking of the heated
tubes, especially when much gas 1s produced by the oxidation
of the caibon of the sample For this 1eason only a small
amount of any highly caibonaceous substance can be taken for
analysis, and often the amount of sulphuric acid obtained 1s too
small for satisfactory determination.

Several methods belonging to the second gioup have been
ptoposed  Among the more 1mportant are : (@) The method
of Brugelmann,! in which the substance 15 buined 1n a current
of oxygen, complete oxidation being mmsuied by passing the
mixture of gases over hot platinum, and absorbing the sul-
phuric acid 1n a column of soda lume  If the substance 1s poor
n sulphur, several portions can be burned before dissolving out
the lime and determining the sulphurie acid. (&) Mixter’s
modification 2 of Sauer’s method. This consists 1n burning the
substance 1n a current of oxygen and passing the products of
combustion 1nto bromine water. (¢) Classon’s method? of
burning in a current of nitiic oxide. (d) Barlow’s method,* in
which the substance 1s burned mn a cuirent of oxygen in a
specially constructed tube and complete oxidation 1s i1nsured
by means of a second current of oxygen introduced laterally at

1Z anal Chem , 1876, 15, 1, 175, 1877, 16, 1
: Am Chem J, 1880, 2, 396 8 Ber, 1886, 19, 1910, 1887, 20, 3065
4.J Am Chem Soc , 1904, 26, 341.
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a point between the boat and the ab<oihing column. Methods
of this type, carefully carried out, insure complete oxidation,
and several portions of a sample may be burned 1n succession
so as to secure a larger amount of sulphuric acid for determina-
tion. They are, however, less rapid than the methods described
below, which are usually quite as accurate

Liebig destioyed organic matter and converted sulphur to
sulphate by heating with a mixture of caustic alkali and atka-
line mtrate, and methods of this type have been very generally
used for plant and animal materials and other non-volatile sub-
stances  Of the many modifications of Liebig’s method, the
use of sodium peroxide as an oxidizing agent 18 most important
The peroxide may be used 1n connection with hydroxide as in
Osborne’s method, or the sample may be mixed at once with an
excess of peroxide and 1gnited mn a closed cirucible! or n the
combustion chamber of the Parr calorimeter.?

Beithelot, 1n proposing the use of the oxygen caloiumeter for
the elementary analysis of organic materials,? stated that on
combustion with 25 atmospheres of oxygen the sulphur was
completely oxidized and 1n the presence of moisture could be
quantitatively recovered as sulphuric acid  This method has
been found both convenient and accurate. Complete oxadation
takes place mstantaneously, and since the combustion chamber
18 hermetically sealed there 1s no possibility of a loss of volatile
compounds. A small autoclave may be used for the combustion
if a bomb calorimeter 1s not available.  According to Hempel,*
the sample can be burned m a large glass bottle filled with
oxygen at atmosphellc pressure.

The nature and number of the samples to be analyzed will
usually determine which of the above methods 1s to be pre-

1 Sundstrom J Am Chem Soc, 1903, 25, 184 Pennock and Morton
Iha, 25, 1265

2Parr J Am Chem Soc, 1900, 22, 646, 1904, 26, 1139 Konek Z
angew Chem , 1903, 516  Leclerc and Dubois J Am Chem Soc , 1904, 26,
1108

3 Compt rend , 1892, 114, 318, 1899, 129, 1002 .See also Hempel Ber.,
1897, 30, 202, and Langbemn Z angew Chem , 1900, 1227, 1259

4+ Z angew Chem ,1892, 398 See also Graeffe Ithd , 1904, 616
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ferrted. For the majority of cases either Liebig’s o1 Osborne’s
method, or 1f the facilities are available, Berthelot’s method &6f
combustion 1n compressed oxygen may be recommended.

1L1EBIG'S ALKALI METHOD

In a large silver o1 nickel crucible mix about 8 grams potas-
stum hydroxide and about 1 gram potassium mtrate. Fuse and
stir with a silver or mickel spatula. Allow to cool and add 1
to 2 grams of the finely pulverized sample. Heat gently, and
as soon as the mass softens, stir well so as to biing the whole
of the sample into contact with the alkali before 1t 1s strongly
heated, then gradually increase the heat, stiring fiequently to
keep down frothing, and continue heating until the mass be-
comes colorless. For samples which 1eact violently when stirred
mto the alkali as above, a smaller proportion of nitiate should
be used at the begmning, or the nitiate may be omitted at the
start and added after the sample has been mixed with the fused
hydroxide. If the substance 1s not quickly oxidized by the
fusion mixture, small amounts of pulverized mitiate may be
added from time to time and the heating continued with fre-
quent stirring. The fusion will usually be perfectly colorless
when the oxidation of organic matter 15 complete  After cool-
ing dissolve the fusion 1n water 1n a beaker or casserole, acidu-
late with hydrochloric acid, and evaporate to dryness to expel
nitric and nitrous acids and heat at 110° to dehydrate silica 1f
present. If much nitiate or silica was piresent, the evaporation
with hydrochloric acid should be repeated. Dissolve the
residue 1n cold water, adding a few drops of hydiochlonic acid,
filter 1f not perfectly clear, heat the solution to boiling, and pre-
cipitate at the boiling temperature by adding a solution of
barium chloride, drop by drop with constant stirring, until n
considerable excess. Boil 5 or 10 minutes longer and allow to
stand 1n a hot place until the precipitate settles, leaving the
supernatant liquid perfectly cleai. Filter and wash the barium
sulphate, first with water acidulated with hydrochloie acid,
then with water till fiee from chlorides, and finally 1gnite and
weigh with the usual precautions.
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Notes and Precautions — The reagents should be tested by
haking a * blank ” determination with sugar or cellulose. Do
not reject this blank 1f no precipitate appears when the barium
chloride 1s added, but allow the solution to stand over mght to
msure the separation of any small amount of barium sulphate
piesent, then filter, wash, 1ignite, and weigh, and subtract the
weight from that of the precipitate found 1n the determination.
Anapparently trifling amount of precipitate 1in the “blank ” may
weigh enough to appieciably affect the results. If the fusion
18 heated by an ordinary gas flame, 1t 1s likely to absorb sulphur
compounds from the latter. To avoid this, use an alcohol flame
for heating the fusions It cannot be expected that the blank
determination should show accurately the sulphur absorbed from
the gas flame. Even when an alcohol flame 1s used and the
sulphur obtained from the reagents 1s deducted, the results are
sometimes too lngh. According to Keiser?! thisis due chiefly to
the fact that the fused alkali takes up some silver from the
crucible, and, on acidifying with hydrochloric acid, the silver
chloride formed 1s held 1n solution by the excess of potassium
chloride present and 1s atterward carried down by the barium
sulphate, increasing the weight of the precipitate. Keiser there-
fore 1ecommends that the neutialized solution be cooled, diluted
with water to about a hiter, and allowed to stand Any silver
chloride present will then precipitate and may be filtered out be-
fore adding barium chloride

A modification which 1s often useful consists in heating the
substance with strong nitric acid until a considerable part of the
organic matter has been oxidized, after which an excess of alkali
18 added and the mixture transferred to a crucible and carefully
fused until oxidation 1s complete. Hammarsten? found this
method to give the same results as the methods of Liebig and of
Classon when applied to casein, egg albumen, and gelatin.

OsBORNE’S PEROXIDE METHOD 3

Convert about 10 grams of sodium peroxade into hydroxide
by adding to 1t, 1n a silver or nickel crucible, a shght excess of

14Am Chem J., 1883, 5, 207 2Z physwl Chem , 1885, 9, 273
3J Am Chem Soc, 1902, 24, 142



300 METHODS OF ORGANIC ANALYSIS

water and heating until the excess 1s boiled off. Allow the fu-
sion to cool until pasty, then add one to two grams of the sample
and stir 1t into the alkali as quickly as possible Heat gently
and stir well to keep down the frothing.  When the first vigorous
action 1s over, heat until the mass fuses and stir 1 small portions
of fiesh peroxide until decomposition 1s complete and the fusion
1s practically colorless  Then allow to cool, dissolve the fusion,
and acidulate with hydiochloiic acid, boil to destioy any excess
of peroxide and to expel chlorine, and complete the deteimima-
tion as 1n Liebig’s method

Notes — Blank determinations must be made as 1n the case
of the Liebig method, and the same precautions observed to
prevent the absorption of sulphur compounds fiom gas flames
or from the au of the laboratory = Theie 1s also the same danger
of high 1esults from contamination of the barium sulphate pie-
cipitate  If silica 1s absent, the acidulated solution need not be
evaporated to dryness, since no nitrate 1s used in the fusion
For all such cases the method 1s considerably more 1apid than
that of Liebig, though requiring somewhat more careful attention
during the fusion of the substance with the alkaline oxidizing
mixture. This method has been extensively used during 1ecent
yeatsin the analysis of proteins, food materials, and phy siologiceal
products, and has lately been adopted by the Association of
Official Agricultural Chemists. Several methods involving the
use of sodium peroxide had previously been proposed, of which
that of Asboth?! 1s perhaps the best known. This consists 1n
mixing the substance with 10 grams of dry sodium caibonate
and 5 grams of peroxide 1n a nickel crucible and heating care-
fully at first and then more strongly until oxidation 1s complete
After dissolving the fusion in water the solution may be boiled
with bromine to insure complete oxidation. The alkaline mix-
ture here used being much less fusible than sodium or potassium
hydroxide, the method should be used only for such substances
as do not readily lose sulphur on heating. For such substances
1t offers the advantage of simplicity 1n manipulation.

A modified form of the sodium peroxide method 1s recom-

1Chem Ztg , 1895, 19, 2040
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mended by Neumann and Meinertz: Z. physiol. Chem., 1904,
43 37. See also Dubois. J. Am. Chem. Soc , 1905, 27, 729.

A. O. A. C. METHOD!

Place from 1.5 to 2 5 grams of material in a mckel crucible
of about 100 cc. capacity and moisten with approximately 2 cc.
of water  Mix thoroughly, using a nickel or platinum rod
Add 5 grams of puire anhydious sodium carbonate and mix
Add pure sodium peroxide, small amounts (approximately 0.50
gram) at a time, thoroughly mixing the chaige after each addi-
tion. Continue adding the peroxide until the mixture becomes
nearly dry and quite granular, requiring usually about 5 grams
of peroxide. Place the crucible over a low alcohol flame (or
other flame free from sulphur) and carefully heat with occa-
sional stirring until contents are fused. (Should the material
ignite, the determination 1s woithless ) After fusion remove
the crucible, allow to cool somewhat, and cover the hardened
mass with peroxide to a depth of about 0.5 cm  Heat gradually,
and finally with full flame until complete fusion takes place,
rotating the ciucible fiom time to time 1n order to bring any
particles adhering to the sides into contact with the oxidizing
material. Allow to remain over the lamp for ten minutes after
fusion 1s complete. Cool somewhat, place warm crucible and
contents 1n a 600-cc. beaker and carefully add about 100 cc ot
water. After violent action has ceased, wash material out of
crucible, make shghtly acid with hydrochloiic acid (adding small
portions at a time), and complete the determination by precipi-
tating with barium chloride in the usual manner.

BERTHELOT’S COMPRESSED OXYGEN METHOD

Press 1into the form of a pellet a suitable amount of the sub-
stance (usually one to three grams), introduce into the bomb
calorimeter, and burn 1n oxygen under a pressure of about 25
atmospheres 1n the same manner as 1n the determination of heat

.

1 Method adopted by the Association of Official Agricultural Chemists for
determination of sulphur mn plants U S Dept Agr, Bur Chem, Bul 107
(Revised), p. 23,
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of combustion.! Screw into the exit tube of the bomb a coupling
carrying a delivery tube of about 0 5 mm. inteinal diameter
and connect with a washing cylinder contaiming a little water.
Carefully open the valve and allow the gas to bubble through
the water until the contents of the bomb reach atmospheric
pressure ; then disconnect, open the bomb, and rinse out all
moisture which has condensed 1n the chamber, on the lining of
the cover, or on the rods which support the combustion capsule.
This must be done caiefully, as the rinsings usually contain the
greater part of the sulphur. In oider to keep down the volume
of the solution, the water from the washing cylinder may be
used for the first rinsing. Dissolve any ash found 1n the com-
bustion capsule n a httle hydrochloric acid, remove silica, 1f
necessaty, and add the solution to that obtained by rinsing the
bomb. Examine the lead gasket in the cover of the bomb, and
if & shght film of sulphate 1s found, wash 1t 1nto the main solu-
tion 2 Finaliy boil this solution down to the desired volume,
neutralize any excessive amount of hydrochloric acid which may
have been introduced with the solution of the ash, filter if nec-
essary, and determine the sulphuric acid by precipitation with
barium chloride as already described.

Notes — This method, based mainly upon the suggestion of
Berthelot and the subsequent work of Hempel, has been applied 3
with very satisfactory results to a number of animal and vege-
table substances as well as to synthetic organic compounds
containing sulphur 1n forms not readily oxidized to sulphuiic
acid —e g, benzyl sulphide and diphenyl-thiourea. So far as
tested, no cases of incomplete combustion have been found. If
this were suspected, the gas drawn off after the combustion
should be led through bromine water or an alkaline bromine solu-
tion and the washings of the bomb added to this solution and
boiled to insure oxidation of sulphites to sulphates. Unless
the bomb 1s emptied gradually in some such way as has been

1Atwater and Snell J Am Chem Soc , 1903, 25, 659

2 Such minute quagtxtles of lead sulphate as a1e ordinarily found will dissolve
readily 1n the solution and will not interfere with the precipitation of sulphuric
acid as barium sulphate. 3J Am Chem Soc, 1902, 24, 1100,
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described, there 1s danger that some sulphuric acid may be car-
11ed away mechanically by the escaping gas. This 1s probably
the principal cause of the low results occasionally reported.
When properly carried out this method has several important
advantages. Combustion takes place very rapidly and with no
chance for the escape of volatile products. The products of
combustion can be drawn off and examined as desired. The
only reagents required in obtaining the sulphur as sulphuric
acid are compressed oxygen and hydrochloric acid, both of
which are easily obtained free from any appreciable amounts
of sulphur By elimnating the use of alkali, any danger of
absorption of sulphur compounds from the air 1s avoided, and
no considerable amount of foreign salts 15 introduced into the
solution fiom which the sulphuric acid 15 to be precipitated.

THE DETERMINATION OF PHOSPHORUS

The oxidation of organmic matter for the determination of
phosphorus may be accomplished by any of the methods de-
scribed 1n connection with the sulphur determination. It is of
course unnecessary 1n this case to avoid the use of gas flames,
and with most substances there 1s mnuch less danger of loss by
volatilization than in the case of sulphur. For these reasons
and because of the care requited 1n dissolving the fused residue
of phosphates left in the igmition capsule, the compressed
oxygen method has no such marked advantages 'n the deter-
mination of phosphorus as in that of sulphur.

ALKALI METHOD

Liebig’s method of oxidation, either with or without previ-
ous digestion with nitric acid o1 oxidation by peroxide, may
be used, but the use of sodium carbonate, as 1n the following
method, 18 generally more convenient

Mix 1 to 3 grams substance with 6 to 7 giams dry sodium
carbonate 1n a platinum dish and spread 3 or 4 grams of the
carbonate over the mixture. Heat over a Buasen burner, care-
fully at first until frothing ceases, then strongly until the mass
fuses. To the fusion add small portions of pulverized potas-
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stum mtrate, stirring thoroughly with a platinum rod or spat-
ula, until the mass 1s entirely colorless. The whole amoant
of nmitrate required does not usually exceed 1 gram. After
cooling, transfer the fusion to a beaker, dissolve in water, add
an excess of nitric acid, and boil. Allow the solution to cool,
neutralize with ammonia, add a few drops of nitric acid and
then a moderate excess of molybdate solution! Digest at
about 65° for an hour with occasional shaking or stirring, filter,
and wash with cold water or a cold solution of ammonium
nitrate. Test the filtrate by adding more molybdate solution
and digesting again at about 65°. Place the beaker used for
the precipitation under the funnel, dissolve the precipitate
through the paper by means ot ammonia, and wash thoroughly
with wate1, keeping the volume of the solution below 100 cc.
Nearly neutralize with hydrochloric acid, cool thoroughly, and
add a moderate excess of magnesia mixture,2 drop by drop, with
constant stirring.  After 15 minutes add 10 ce. of concentrated
ammoma or 1ts equivalent, let stand four to twenty-four
hours ; filter (preferably on an asbestos felt in a Gooch cruci-
ble), wash with dilute ammoma (2 5 to 5 per cent) until practi-
cally free from chloiides, 1gnite, and weigh as magnesium
pyrophosphate.
Acip METHOD3

To 1 to 3 grams substance mn a Kjeldahl flask add 20 ce.
concentrated sulphuric acid and 10 grams of ammonium nitrate,
and heat carefully until frothing ceases, then allow to cool
somewhat, add 10 grams more of ammonium nitrate, and heat
to boiling ; or treat the sample with concentrated or fuming
nitric acid, shaking first 1n the cold then warming gently till
vigorous action ceases, then add 10 cc. of sulphuric acid, 10

1 Of the usual molybdate solution containing about 5 per cent of molybdic
acid, add at least 50 cc for every decigram of phosphoric acid expected

2 If the magnesia mixture 18 of the usual strength, containing about 5 per cent

of magnesium chloride, add about 15 cc for each decigram of phosphoric acitd
expected .

8 Neumann Dubois Reymond’'s Archwwv (physiol Abth ), 1897, 552, 1900,
169, Z physiol Chem , 1900, 29, 146, 1902-3, 37, 116 Sherman J Am
Chem Soc , 1902, 24, 1100
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grams of ammonium mtrate, heat gently till frothing ceases,
and’then boil. Continue boiling until the hiquid 1n the flask
18 concentrated to a volume not greater than the volume of
sulphuric acid which has been used At this volume the boil-
g pont should be higher than that of sulphuric acid because
of the ammonium sulphate 1n the solution. Boil at this higher
temperature for about half an hour, then, if not colorless, cool
somewhat, add mtric acid (concentrated or fuming) and boil
again until the nitric acid 1s expelled and the low volume and
high temperature are reached again,repeating as often as neces-
sa1y until the lhiquid 1s colorless and shows no discoloration when
heated for half an hour at low volume and high temperature as
described. Cool the coloiless solution, wash 1t out into a beaker,
neutralize with ammomna, add 15 to 20 grams of ammonium ni-
trate, and determine phosphoric acid as 1n the preceding method,
adding a somewhat greater excess of the molybdate reagent.

Notes — This method has been found to give good results
with a varlety of foods and physiological products. The large
amount of sulphates retaids the formation ot the phosphomolyb-
date precipitate, but by using liberal quantities of ammonium ni-
trate and molybdate reagent and allotwing at least an hour for the
precipitation, the whole of the phosphoric acid 1s obtained with-
out difficulty. When the substance 1s first treated with fuming
nitric acid, a smaller quantity of sulphuric acid may be used and
the phosphomolybdate will then form somewhat more quickly.

In applyme this method to liquids such as milk or urine, a
suitable amount of sample (25 ce. milk or 50 cc. urine) 1s trans-
ferred to the flask, 20 cc. sulphuric acid added, and the mixture
heated carefully as in the determination of nitrogen until the
sample 1s well charied and the greater part of the water has
been boiled off Ammonium nitiate 1s then added and the de-
termination 1s completed as above desciibed.

MAGNESIUM NITRATE METHOD !

Mix 2 grams of the dry substance (or a correspondingly larger
amount 1f a liquud) with 5 ce. of a neutral 35 per cent solution

1 Adopted by the Association of Official Agricultural Chemists for the deter-

mination of phosphorus in plant substance
x .



306 METHODS OF ORGANIC ANALYSIS

of magnesium nitrate , dry and 1gnite; dissolve the residue 1n
acid and determine phosphoric acid as usual °©

This method 1s convenient but has not been so thoroughly
tested on different organic forms of phosphorus as have the
alkali and the acid methods described above.
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CHAPTER XV

Proteins and Proteases

THE proteins are mtrogen compounds! of high molecular
weight which consist, so far as 1s at present known, essentially
of combinations of e-amino acids and their deiivatives. The
classification and terminology of proteins recommended by a
joint committee of the American Physiological Society and the
Society of Biological Chemists 1s as follows

I. Simple Proteins — Protein substances which yield only
e-amino acids or their derivatives on hydrolysis.

(@) Albumins. — Simple proteins soluble in pure water and
coagulable by heat.

(&) Globulins. — Simple proteins insoluble 1n pure water but
soluble 1n neutral solutions of salts of stiong bases with strong
acids.

(¢) Glutelins. — Simple proteins 1nsoluble 1n all neutral sol-
vents but readily soluble in very dilute acids and alkalies.

(d) Alcohol-soluble Proteins. — Simple proteins soluble 1n
relatively strong alcohol (70-80 per cent), but insoluble 1n watex,
absolute alcohol, and other neutial solvents.

(¢) Albuminoids. -——Simple proteins which possess essentially
the same chemical structure as the other proteins, but are char-
acterized by gieat insolubility in all neutial solvents. These
form the principal organic constituents of the skeletal structure
of animals and also their external coverings and 1ts appendages.
This definition does not provide for gelatin, which 1s, however,
an artificial derivative of collagen.

(f) Histones — Soluble 1n water and insoluble 1n very dilute
ammonia and, 1n the absence of ammonium salts, 1nsoluble even
in an excess of ammoma, yield pirecipitates with solutions of

1 Most protemns cdtitain between 15 5 and 18 per cent of nitrogen On the
assumption that the average 18 168 per cent, the nitrogen content 18 often taken

as a measure of the amount of protein present.
2ng
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other proteins and a coagulum on heating which 1s easily soluble
1 yery dilute acids. On hydrolysis they yield a large number
of amino acids, among which the basic ones predominate.

(9) Protamines. — Simpler polypeptids than the proteins in-
cluded 1n the preceding groups. They are soluble i water,
uncoagulable by heat, have the property of precipitating aqueous
solutions of other proteins, possess strong basic properties and
form stable salts with strong mineral acids. They yield com-
paratively few amino acids, among which the basic amino acids
greatly predominate

II. Conjugated Proteins. — Substances which contain the
protein molecule united to some other molecule or molecules
otherwise than as a salt.

(a) Nucleoproteins — Compounds of one or more proten
molecules with nucleic acid.

() Glycoproteins.— Compoundsof the protein molecule with
a substance or substances containing a carbohydrate group other
than a nucleic acid.

(¢) Phosphoproteins.— Compounds of the protein molecule
with some, as yet undefined, phosphorus-containing substance
other than a nucleic acid or lecithins.

(d) Hemoglobins — Compounds of the protein molecule with
hematin or some similar substance.

(e) Lecithoproteins. — Compounds of the protein molecule
with lecithins (lecithans, phosphatids).

I11. Derived Proteing. —1. Primary Protein Derivatives —
Denivatives of the protein molecule apparently formed through
hydrolytic changes which involve only shght alterations of the
protein molecule.

(a) Proteans. — Insoluble products which apparently result
from the mncipient action of water, very dilute acids, or enzymes.

() Metaproteins. — Products of the further action of acids
and alkalies whereby the molecule 1s so far altered as to form
products soluble 1in very weak acids and alkalies, but insoluble
i neutral fluuds. This group will thus mcl:]de the famihar
«“acid proteins” and ‘“alkal proteins,” not the salts of proteins
with acids.
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(¢) Coagulated Proteins. — Insoluble products which result
from (1) the action of heat on their solutions, or (2) the actjon
of alcohols on the protein

2. Secondary Protein Derivatives. — Products of the further
hydroly tic cleavage of the protein molecule.

(a) Proteoses. — Soluble 1n water, uncoagulated by heat, and
precipitated by saturating their solutions with ammonium sul-
phate or zine sulphate.

(5) Peptones. — Soluble 1n water, uncoagulated by heat, but
not precipitated by saturating their solutions with ammonium
sulphate.

(¢) Peptids.— Detinitely characterized combinations of two
or more amino aclds, the carboxyl group of one being umted
with the amino gioup of the other, with the elimination of a
molecule of water.

For descriptive accounts of the proteins reference must be
made to some of the works cited at the end of the chapter. In
ordinary analytical work some of the groups of proteins in-
cluded 1n the above classification are seldom met 1n sufficient
quantity to require separate consideration

The groups of proteins of greatest inteiest to the analytical
chemist a1e the following :

Albumins. — Soluble 1n water and dilute salt solutions, pre-
cipitated by adding sufhicient alcohol or by saturating the aque-
ous solution with ammonium sulphate The water solutions are
coagulated by heating, commonly at 70°-73° (Halliburton), but
sometimes much lower, leucosin coagulating at 52° (Osborne).

Globulins. — Insoluble 1n pure water but soluble 1n dilute
salt solutions. Precipitated bv alcohol or by saturation with
ammonium or magnesium sulphate, also precipitated fiom salt
solutions on 1emoving the salt by dialysis. Some of the vege-
table globulins aie distinctly ciystalline and not coagulable by
heating

Alcohol-soluble Proteins. — These occur especially 1n the
cereal grains. Ghadin, msoluble 1n water, dilute salt solution,
or absolute alcoliol, but soluble in 75 per cent alcohol 1s the
best known member of this group.
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Albuminoids. — Some of these differ considerably from each
otper, but all are characterized by their resistance to reagents
Among the more important of the albuminoids are collagens
which yield gelatins on boiling with water; keratins of skin,
horn, hair, featheis, nails, etc., elastin of connective tissue,
skeleting, the mitrogenous compounds of the skeletal and re-
lated tissues of invertebrates, including the characteristic com-
pounds of sponges and silk.

Gelatins (and collagens) are the only albuminoids which aie
likely to be met i connection with the tiue proteins i foods,
ete., so that the other substances mentioned need not be con-
sidered 1n connection with the reactions given below.

Metaproteins — By the action of acid or alkali upon native
or coagulated protemn the latter may be converted into a
metaprotein, sometimes called an acid- or an alkali-albumin or
albummate  Both acid and alkali albuminates are nearly in-
soluble 1n water and dilute salt solution, but usually dissolve
readily 1n water contaiming a very small amount of acid or
alkali and are precipitated from such solutions by neutralization
at ordinary temperature. The metaproteins or albuminates
are precipitated fiom nearly neutral solutions by the general
precipitants for soluble proteins (see below) but a very minute
amount of acid or alkal: 1s sufficient to pievent the coagulation
of albuminate by boiling.

Proteoses and Peptones — These are products derived from
other proteins by digestion or by simple hvdrolysis. They are
soluble 1n water and not coagulated by boiling their aqueous
solutions. No sharp line can be drawn either between proteoses
and peptones or between peptones and the simpler mtrogen
compounds which result from prolonged digestion. As the
terms are generally used, peptones may be considered the final
products of digestion or hydrolysis which are still proteins as
judged by the biuret reaction (see below) and are precipitable
by tannin (perhaps not always completely) or by addition of
strong alcohol. Proteoses (albumoses) are intermediate products
between metaproteins (albuminates) and peptbnes. In addition
to the protein reactions shown by peptones, the proteoses are
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precipitated from aqueous solutions at ordinary temperatures
by adding acetic acid and potassium ferrocyanide or by saturgt-
ing the solution with zinc or ammonium sulphate.

The term peptone was formerly applied to all digestion prod-
ucts not coagulated by boiling and 1s still popularly used in
the same sense, the best commercial *peptones” consisting
largely of proteoses.

Coagulated Proteins. —This group includes proteins which
have been coagulated by heating or by alcohol. The nature of the
change which takes place 1n coagulation 1s not known The coag-
ulated proteins are insoluble 1n water, alcohol, salt solutions, or
very dilute acids. They are dissolved and converted 1into meta-
proteins by stronger acids and alkalies, especially on warming

(1 jeuprnts i — Glyco- or gluco-proteins are compounds of
proteins with carbohydrates. They are practically insoluble
in water, but easily soluble 1n very weak alkalies. On boiling
with dilute mineral acids they yield considerable amounts of
reducing sugars. Mucins and mucoids belong to this group.

Nucleoproteins. — These ale compounds of proteins with
nuclein or nucleic acid. Nucleoproteins are found especially 1n
cell nucler and are therefore particularly abundant in the
highly nucleated cells of secreting organs such as the liver,
pancreas, etc., and 1n the germs of seeds.

While all of the simple proteins are levorotatory, the nucleo-
proteins thus far studied! have shown dextrorotation and the
nucleic acid of the wheat embryo has been found to be strongly
dextrorotatory.2

Phosphoproteins — Casein of milk and wvitellin of egg-yolk
are the important members of this group Methods for the
separation of casein from the other proteins of milk are in-
cluded 1n the references beyond.

Other Nitrogen Compounds. — Among the organic mtiogen
compounds which occur with proteins in many animal or
vegetable substances are the lecithins and related compounds,
alkaloids, and the so-called “nitrogenous extractives,” including
amines, amids, and’ amino-acids. Ammonium salts and mtrates

1 Gamgee and Jones Am J Physiol , 1908, 8, 447.
2 Osborne Ibid , 1908, 9, 69
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may occur in plant and animal tissues, but usually only 1n
minute amounts. They may, however, be added to food
materials as preservatives. In most natural food products the
total amount of these simpler mtrogen compounds 1s small as
compared with that of pioteins, and 1t has become customary
1n food analysis to take the total mitrogen as a measure of the
proteins present, so that the percentage of proteins as reported
ordinarily means the peicentage of nitrogen multiplied by 6.25,
this factor being based on the assumption that proteins contain
approximately 16 per cent of nitrogen

ANALYTICAL REACTIONS OF PROTEINS

Color tests and precipitation reactions of fanly general ap-
plication to proteins are known, but no one of these tests or
1eactions 1s given exclusively by proteins, so that as a rule in
order to establish the presence of protein beyond doubt, as
many as possible of the tests should be applied. Particularly
1 examining solutions by means of color tests, one should n
mmportant cases not only test the solution but also obtain the
protein from the solution by precipitation and perform the
color reaction upon this precipitate. For this purpose 1t 1s
usually best to precipitate by heat coagulation where possible
and 1n other cases to precipitate by rendering the solution shightly
acid with acetic acid and then adding a solution of potassium
ferrocyanide which under these conditions gives a fine white pre-
cipitate with most of the proteins though not with peptones nor
with gelatin  The pirecipitate thus obtained gives color reac-
tions like those of the protemn itself. (Wintermtz : Z. physiol.
Chem., 1892, 16, 439 )

CoLor REACTIONS

The Biuret Reaction?

On adding a very dilute solution of copper sulphate drop by
drop to a protein solution strongly alkaline with sodium or

1Rose Poggendorf's Annalen, 28, 132 (1833) Piotrowski Sitzber Akad
d Wiss Wien, math -naturw Classe, 24, 335 (1875), Wiedemann Poggen-
dorf’s Annalen, 74, 67 (1849) Pickering J Physiol , 14, 347 (1893) Schff,
Ber , 29, 298 , 30, 2449, Liebig’s Annalen, 299, 236, 303, 183, 307, 231;
310, 37, 301, 319, 300
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potassium hydroxide a rose-red to violet coloration appcars.
A more pronounced rose color 18 obtained with proteoses ard
peptones than with other proteins This test 18 said to show
1 part of peptone in 100,000 of solution. For other proteins
1t 1s less dehicate. To test for peptones 1 a solution contain-
ing other proteins,! precipitate the latter by saturation with
zinc sulphate, filter, to the filtiate add caustic soda until the
zine hydroxide first precipitated 1s completely dissolved, then
add a few drops of a one per cent solution of copper sulphate.
The reaction 1s given by many substances other than proteins,
according to Schiff2 by any compound containing two CONH,
groups unmted either directly by their carbon atoms or by
means of a third carbon o1 a mtrogen atom. Examples of
these three classes of compounds are oxamid, malonamid, and
bruret.

CONH, CONII,
CONH, e
H,C X
ONH AN
? CONII, \boNH,
Oxamd Malonamid Biuret

For cases 1n which the biuret reaction 1s obtained when no
— CONH, groups appear to be present, as well as for a general
discussion of the interpretation of the test 1n work upon di-
gestion and synthetic products, see Mann’s Chemistry of the
Proteids, pp. 141-144.

According to Stokvis (Z Biol, 1896, 34, 466) and Sal-
kowsk1 (Berl klin Wochenschr., 1897, No. 17) urobilin gives
under the same treatment a color which cannot be distinguished
from that of the biuret reaction

Siegfried has also noted (Z physiol. Chem., 35, 164) that
the biuret reaction may be obscured by the presence of other
bodies.

1Neumeister Z Buiol, 1890, 26, 324
2 Ber , 1896, 29, 298
¢
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The Xanthoproteic Reaction !

Proteins are colored yellow by mitric acid of 12 specific
gravity or stronger The color 1s intensified by heating and
changes to orange or red on treatment with an excess of am-
monmia  According to Halliburton 2 this reaction depends upon
the presence of an oxybenzene nucleus

Salkowski has proposed (Z. physiol. Chem., 12,219, Vaubel,
I, 381) to make use of this reaction for the approximate colomn-
metiic estimation of peptones 1n solution.

The Millon Reaction 3

On heating with Millon’s reagent* (a solution of mercuric
nitiate containing nitrous acid) proten matter (including
gelatin) gives a brick-red coloration which according to Nasse
18 also due to the presence of any oxybenzene nucleus 1n the
protein molecule. For general description see Mann, p. 7, and
for detailed discussions the papers of Vaubel ® and Nasse.®

The Tryptophan Reaction?

When protein 1s tieated first with glacial acetic acid and then
with concentrated sulphuiic a violet color usually appears.
Hopkins and Cole?® found that the 1eaction occurred only when
the acetic acid contamed traces of glyoxylic acid and that a
better 1eaction 1s obtained by mixing the protemn with a hittle

1 Fourcroy and Vauquelin Ann Chim , 56,37 Furth Emwirkung von Sal-
petersamre auf Kiweisstoffe, Habilitationsschrift, Straussburg, 1899  Salkowski
Z physiwol Chem , 12, 215 (1887) Rohde, Ibwd , 44, 161 (1905)

25chafer’s Textbook of Physiology, I, 47

3Millon Compt 1end , 28, 40 (1849)

4To prepate the reagent disso}ve mercury 1 twice 1ts weight of mtric acid,
142 sp gr, and dilute the solution obtained with three times 1ts volume of
water  According to Nasse a better method 1s to use a solution of mercuric
acetate containing a few milhgrams of sodium o1 potassium mitrite, the solution
having been recently acidulated with acetic acid

5Z angew Chem., 1900, 1125

v Arch ges Physwol , (Pfluger), 1901, 83, 361

7 Adamkiewicz Arch ges Physiol , 9, 156 (1874) and Ber , 8, 161 (1875)

8 Proc Royal Soc , 1901, 68, 21, J Physiwol , 27,418, 29, 4561
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glyoxylic acid solution! and afterward adding concentrated
sulphuric acid. The color then appears at the line of contalt
of the hquids. This reaction, which 1s due to the presence of
the tryptophan group in the protemn molecule, 1s not given by
gelatin.  For other color reactions due to tiyptophan, see Cole .
J. Physwl , 1908, 30, 311.

Several other more or less characteristic color reactions of
proteins may be found by consulting the references given at
the end of the chapter.

PROTEIN PRECIPITANTS

Heat coagulation and salting out processes have already been
referied to in the general description of the piroteins and have
been made use of 1n classification.

Zance sulphate 1s mos? used for salting-out 1n analytical work
wheie the amount of protein precipitated 1s to be found by
determining mtrogen 1n the precipitate.

Heavy metals have been considerably used as precipitants.
Among these may be mentioned iron as chloride or acetate,
copper as sulphate, acetate, or hydroxide, lead as neutral or basic
acetate, mercury as chloiide or as mercury-potassium-iodide,
uranium as acetate.

Halogens form 1nsoluble or sparingly soluble compounds with
proteins, and bromine especially has been used as precipitant in
analytical work.

Among the acids which are good precipitants for both proteins
and alkaloids are phosphotungstic and phosphomolybdic acids,
tannic acid, pieric and picrolonic acids, trichlor-acetic acid.

Zane sulphate 2— In general on saturating a solution with zinc
sulphate all proteins present except peptones are precipitated.
This precipitation may therefore be used to separate peptones

1Prepared as follows Place a saturated solution of oxalic acid m a tall
cylinder, add lumps of sodium amalgam (about 60 grams per liter of solution),
allow to stand as long as hydrogen 1s evolved, then filter and dilute the solution
with twice 1ts volume of water

2Bomer Z anal dhpm , 1895, 34, 662 Baumannand Bomer Nahr Zen-

ussm , 1898, 1, 106  Zunz Z physiol Chem , 1899, 27, 217 Van Slyke and
Hart Am Chem .J, 1903, 29, 150
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from other proteins. It 1s especially employed 1n the analysis
of Mxtures of proteins in connection with artificial digestion
experiments. Here the proteins other than proteoses and pep-
tones can usually be removed in other ways (for instance by
neutralizing and heating the solution), the proteoses separated
by saturating the solution with zinc sulphate, and the peptones
determined 1n the filtrate.

Ferric acetate 18 recommended by Allen! as an efficient pre-
cipitant. A neutral solution of the reagent 1s added 1n excess
and the liquid rapidly boiled, when all protein will be precipi-
tated and can be determined from the amount of nitrogen found
in the precipitate by the Kjeldahl method

Copper? 1s probably more generally used than any of the other
heavy metals for the analytical precipitation of proteins, espe-
cially for the separation of protein from non-protein nitrogen
in vegetable products Moist cupric hydroxide (often called
Stutzer’s reagent) 1s most commonly used.

This method has been adopted by the Association of Official
Agnicultural Chemists 1n the following form

Separation of Proteins from Amuds, ete

Preparation of Reagent — Dissolve 100 grams of pure cupric
sulphate 1n 5 liters of water, add 25 cc. of glycerol, and then a
dilute solution of sodium hydroxide until the hiquid 1s alkaline,
filter, 1ub the precipitate up with water contamming 5 cc of
glycerol per liter, and wash by decantation or filtiation until
the washings are no longer alkaline Rub the piecipitate up
again 1n a mortar with water containing 10 per cent of glycerol,
thus prepaiing a umform gelatinous mass that can be measured
out with a pipette Determine the quantity of cupriec hy-
droxide per cubic centimeter of this mixture.

Determination — Place 0 7T gram of the substance 1n a beaker,
add 100 cc of water, heat to boiling, or, in the case of sub-

1Commercial Organic Analysis, IV (2), 38 (1898), and Vaubel Bestimmung
organischer Verbindungen, I, 227 (1902)

2 Stutzer, J Landw , 1880, 28, 103, 1881, 29, 473, Z anal Chem , 1895, 34,

568 Mallet, U S Dept Agriculture, Bur Chem , Bul 54 Fraps and Bizzell,
J Am Chem Soc, 22, 709
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stances rich in starch, heat on the water bath ten minutes; add
a quantity of cupric hydroxide mixture containing about*).5
gram of the hydioxide, stir thoroughly, filter when cold, wash
with cold water, and, without 1emoving the precipitate from
the filter, determine nmitrogen by the Kjeldahl method, adding
suffictent potassium sulphide solution to completely precipitate
all copper and meicury. The filter papers used must be practi-
cally free trom mitrogen. If the substance examined consists of
seed of any kind, o1 1esidues of seeds, such as o1l cake or anything
else rich 1n alkaline phosphates, add a few cubic centimeters of
a concentrated solution of alum just before adding the cupric
hydroxide, and mix well by sturing. This serves to decom-
pose the alkaline phosphates. If this be not done, cupric phos-
phate and free alkali may be formed, and the piotein copper
precipitate may be partially dissolved in the alkaline hiquud.

This method has been considerably criticized, and to some
extent replaced by precipitation with other reagents, especially
phosphotungstic acid, but Fiaps and Bizzell consider 1t still the
best method available for vegetable materials According to
Schjerning’s work 1t 1s likely to precipitate a considerable part
of any purin body which may be present

Lead ! 1s an effective precipitant of proteins as shown by 1ts
successful use as a “clarifier” 1n preparing liquids containing
sugar for polaliscopic examination, for all proteins are optically
active, and 1if not completely removed from the solution, would
vitiate the polarscopic determination of sugar

Mercuric chloride?® precipitates the proteins, including pep-
tones, but 1s also liable to give precipitates with alkaloids and
even with ammonium salts.

Uranium acetate precipitates proteins, and according to
Schjerning’s experiments  does not precipitate the alkaloids or
simpler nitrogen compounds likely to be met 1n analytical work,
with the exception of piperazine.

1 Hofmeister Z physiol Chem , 1878, 2, 288

2Kuhne Z Biol «1885, 22,423 Neumeister Z Buol , 1890, 26,234  Sieg-
fried Z physiol Chem , 1902, 35, 164

8 Summarized by Vaubel Bestimmung organischer Verbindungen, I, 224-
232
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According to Schultz and Barbiei1 as quoted by Allen, the
greatest source of error in the quantitative separation of pro-
teins from simpler nmitrogen compounds by means of reagents
such as the above lies 1n the precipitation of more or less of the
other nitrogen compounds along with the proteins. Hence they
recommend that parallel precipitations be made with several
different reagents. If then all the filtrates be proven free from
protemn by testing with acetic acid and potassium ferrocyanide,
and the nitrogen be determined in each precipitate, the lowest
result found 18 presumably the most nearly correct.

Bromine precipitation 1s sometimes employed for separation of
piotemns from simpler nitrogen compounds, such as the ¢ex-
tractives” of meat. The following example 1s from the meth-
ods of the Association of Official Agricultural Chemists:

Separation of Proteoses, Peptones, and Gelatin from Ext actives

This 15 a combination of Bomer’s! method with that ot Allen
and Seatle,? as modified by Wiley 8

Evaporate the filtrate from the globulins to small volume, add
2 or 3 drops of (1.3) sulphuric acid, and saturate with pow-
dered zinc sulphate  The excess of zinc sulphate added should
not be large, as otherwise serious “ bumping ” 1s hikely to ensue.
About 80 grams of the salt are required for each 50 cc. of
liquid. Allow the coagulated proteins to settle, filter, and wash
with a saturated solution of zinc sulphate

Acidulate the filtrate from the zinc sulphate precipitate with
2 or 3 drops of strong hydrochloric acid, dilute with an equal
volume of water, add about 2 ce. of liquid bromine, and shake
the contents of the flask vigorously. (This can be most con-
veniently done 1n a Kjeldahl flask ) If the bromine be all taken
up, add more until about 0 5 cc. of liquid bromine 1s left undis-
solved and the supernatant iquid thoroughly saturated. Allow
the mixture to stand over might, decant the supernatant hquid
through a filter paper, and wash with water, so directing the jet
that the globule of bromine 1s stirred up and saturates the wash

1 Z anal Chem , 1895, 5, 6562 »
2 Analyst, 1897, 22, 258-263
83U S Dept Agriculture, Bur. Chem , Bul 64
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water. Return the filter paper and precipitate to the flask, add
the zinc sulphate precipitate and filter paper containing 1t, gud
determine the mtrogen. The percentage of mitrogen so found,
multiphied by 6.25, gives the percentage of proteoses, peptones,
and gelatin, including gelatin peptone

Alkalowds, 1f present, are hikely to be more or less completely
precipitated by bromine along with the protemn matter.

Phosphotungstic acid 1s an efficient precipitant of the proteins
other than peptones At ordinairy temperatures simpler nitro-
gen compounds are also thrown down, but according to Mallet
(Bul. 54, Div Chem.) a satisfactory separation of ordinary
protemns from the usual mitrogenous extractives, such as occui
1 meat extract, may be effected by precipitating at 90° and
washing with water at the same temperature Fraps and Biz-
zell (J Am Chem Soc , 22, 709) question the completeness of
precipitation of proteins at temperatures above 60°. Alkaloids
if present would be likely to be precipitated about as com-
pletely as the proteins

Stutzer (Z anal Chem., 1895, 34, 568, 1896, 35, 493) and
also Bondzynsk: (Landw Jahrb. der Schweiz, 1894) used phos-
photungstic acid as precipitant to separate proteins, including
peptones, from amino-compounds. Van Slyke and Hart (Bul
215, New York Agricultuial Experiment Station, Geneva) con-
sider that pirecipitation with this reagent in the cold gives a
satisfactory separation of the proteins of cheese from mono-
amino compounds, but 1s lable to precipitate di-amino-com-
pounds 1f these are present, arginin giving a precipitate with
phosphotungstic acid which 18 soluble when hot, but separates
out on cooling, while the lysin, histidin, and putrescine precip-
itates failed to redissolve completely even on boiling

In using phosphotungstic acid for the determination of pro-
tein mtrogen in meat extract according to the suggestion of
Mallet, the solution 1s first acidulated with acetic acid and
boiled, filtered 1f necessary, and then treated with a shght ex-
cess of a solution of phosphotungstic acid 1n 2.5 per cent hydro-
chloric acid, heated to 90° filtered hot, and the precipitate
washed with water at about the same temperature. The re-
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sults thus obtained are usually shightly higher and somewhat
moie uniform than those obtained by precipitation with
bromine

Tannwnl precipitates proteins, including peptones, from solu-
tions acidulated with acetic acid, the precipitation being favored
by the presence of sodium chloride. According to Allen and
also Halliburton, this precipitation, even 1n the case of pep-
tones, 18 complete  Van Slyke and Hart, however, found that
tannin precipitated much less of the mitrogen compounds
foimed by peptic digestion of cheese than was precipitated by
phosphotungstic acid, and after mvestigation they attiibuted
this discrepancy mainly to mcomplete precipitation of peptones
by tanmin  They concluded that phosphotungstic acid should
be used to separate peptones from amino bodies when the
amount of the latter 1s relatively small o1 when they consist
largely of mono-amimo-compounds, while tannin should be pre-
ferred as a precipitant 1n those cases 1n which the amino-acids
are present in relatively laige amount as compaied with pep-
tones or when considerable amounts ot di-amino-compounds are
present.

Bigelow and Cook (J Am Chem Soc., 1906, 28, 1485) as
the result of a detailed study 1ecommend, for the separation of
proteoses and peptones from the amino bodies, the use of liberal
amounts of tannin and salt at a temperatuie of approximately
12°C. Their method 1s essentially as follows

Dissolve 1 gram of the sample 1f a powder, 2 giams 1if a
paste, or 10 grams 1f a concentrated solution, in a httle cold
water 1n a 100-cc. flask, keeping the volume within 20 ce. [Or
measute nto the flask 20 cc. of the sample 1if a dilute solution ]
Add 50 ce of a solution containing 15 grams of sodium chlo-
ride, shake well, cool to approximately 12°, add 30 cec. of a
24 per cent tanmn solution at the same temperature, dilute
with cold water to 100 cc., shake thoroughly and allow to stand
over night in an 1ce box at about 12°, then filter at the same
temperature and determine nitrogen both in ap aliquot part of

1 Allen . Commercial Organic Analysis, Vol IV (2d ed ),p 19 Schjerning
Z anal Chem, 1900, 39, 545

A}
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the filtrate and 1n a similar portion of the filtrate from a blank
m which the reagents alone have been used. The corretted
mtrogen of the filtrate represents that which was present as
ammonia and amino compounds except that creatin if present
18 partly precipitated by the tannin-salt reagent. The amount
of creatin thus thrown down may be found by estimating the
amounts 1n the original solution and 1n the filtrate colorimetri-
cally by the method of Folin, the excess of tannin being re-
moved fiom the filtrate by means of bariaum.

Picric acd precipitates protens very completely from solu-
tions acidulated with acetic acid, but as the reagent contains
nitrogen 1ts use In quantitative analytical work 1s limited
Gelatin 18 precipitated when the picric acid 1s 1n excess, and
milk or cream may be tested for gelatin by removing the milk
protemns with acid mercuric nitrate and adding to the clear
filtrate an excess of a satuiated solution of picric acid, when
gelatin, 1f present, yields a yellow precipitate.

Trichloracetic acid appears to be a convenient reagent for
the separation of proteins under certain conditions, but has not
been much used 1n analytical work. According to Halliburton?
the protein solution 1s mixed with an equal volume of a 10 per
cent solution of trichloracetic acid, boiled and filtered hot,
when the filtrate will contain the proteoses and peptones while
the other proteins are precipitated. In the cold the proteoses
are paitially precipitated (Martin).

SEPARATION OF PROTEINS FROM SIMPLER NITROGEN CoOM-
POUNDS AND FROM EacH OTHER

The separation of proteins fiom simpler nitrogen compounds
18 usually based upon the piecipitation of the former by some
one of the above reagents which will not precipitate the other
nitrogen compounds believed to be present in the substance
under examination. The choice of precipitant will therefore
depend upon the nature of the substance from which the pro-

1 Schafer’s Physiojogy, I 40-41, where the following references are given
Obermayer, Med Jahrb, Wien, 1888, 375, Starling, J Physwol, 14, 131,

Martin, same, 15, 875, Halliburton, same, 17, 169, and J Path and Bact,
3,295 See also Mendel and Blood, J Biol Chem , 8, 186, 189
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tem 18 to be separated. Cupric hydroxide used as described
above has been most commonly employed for vegetable mate-
nials, while precipitation with phosphotungstic acid, bromine
or tanmin and salt as described in the foregoing paragraphs
has been more commonly used for animal substances. The
methods of separating proteins from each other are based
almost entirely upon differences 1n solubilities and coagulation
or other precipitation reactions such as have been given 1n
characterizing the gioups already mentioned. As the reactions
of the peptones approach those of some of the compounds of
known structure, the separation of proteins from simpler com-
pounds and from each othe1r can best be studied as parts of the
same problem The methods available for these separations
are so dependent upon the particular combination of com-
pounds to be separated that any attempt to give detailed direc-
tions would be of less value than references to the original
publications, a list of which will be found at the end of this
chapter.
PROTEASES OR PROTEOLYTIC ENZYMES

For the determination of proteolytic powers of substances
containing proteases (pepsin, trypsin, papain, etc.) many differ-
ent methods have been used. Some of these may be giouped as
follows :

1 The enzyme acts upon an insoluble protein and the rate
at which the latter 1s digested 1nto soluble products 1s observed
(methods of Bidder and Schmidt, Grunhagen, Grutzner, Mett,
Palladin, U. S Pharmacopaia).

2. The enzyme acts upon a solution or suspension of protein
and the time required to carry the digestion to a definite stage,
or the amount of piotemn remaining undigested at the end of a
definite time, 1s determined (methods of Allen, Einhorn, Fuld
and Levison, Gross, Jacoby-Solms, Robertson, Rose, Thomas
and Weber, U. S. Pharmacopeeia, Witte).

3. The enzyme acts upon protemn or polypeptid, and the
cleavage products are determined by chemical o physical meth-
ods (methods of Abderhalden, Allen, Hedin, Kober, Koelker,
Levene and Rouiller, Schiff, Schutz, Sorenson, Volhard).
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4. The enzyme 1~ allowed to act on a piotein solutlon, and
the progress of the digestion 1s measured by 1ncrease of eléctri-
cal conductivity or decrease of turbidity or viscosity of the solu-
tion (methods of Baylss, Hata, Liebermann, Spriggs)

Since the newer methods, such as the copper method of Kober
and the optical method of Abderhalden and Koelker, aire still
being developed 1n detail, 1t seems best for the puiposes of this
work to describe fully only a few of the older methods which
are now 1n more general use, after which will be given a chiono-
logical list of references which will guide the reader to the
literature of the moie recent methods

U. S. PHARMACOP®EIA METHOD ¥OR PEPTIC ACTIVITY

Mix 9 cc. of hydiochloric acid of 10 per cent stiength by
weight (1 049 sp gr. at 25°C ) with 291 cc of distilled water
and dissolve 0.100 gram of the pepsin to be tested in 150 cc. of
the acidd iquad ~ Immeise a hen’s egg, which should be fresh,
during 15 nunutes i boiling wate1 , 1emove the pellicle and all
of the yolk ; rub the white coagulated albumin thiough a clean
No 40 sieve Reject the first portion that passes thiough the
sieve, and place 10 grams of the succeeding portion in a wide-
mouthed bottle of 100 cc. capacity. Add 20 cc of the acid
hquid and, with the aid of a glass rod tipped with cork or black
rubber tubing, completely disintegrate the albumin ; then 11nse
the rod with 156 cc. more of the acid hquid and add 5 ce. of the
solution of pepsin. Cork the bottle securely, inveirt 1t three
times, and place 1t 1 a water bath that has previously been
regulated to maintain a temperature of 52°C. Keep at this
temperature for 21 hours, shaking every 10 minutes by invert-
ing the bottle once. Then remove 1t from the water bath, add
50 cc. of cold distilled water, transfer the mixture to a narrow
graduated cylinder, and allow 1t to stand for half an hour. The
deposit of undissolved albumin should not then measure more
than 1 ce.

The relative proteolytic power of pepsin stronger or weaker
than that just described may be determined by ascertaining
through repeated trials the quantity of the above pepsin solu-
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tion required to digest, under the prescribed conditions, 10 grams
of boiled and disintegrated egg albumin. Divide 15,000 by this
quantity expressed in cubic centimeters to ascertain how many
parts of egg albumin one part of pepsin will digest.

U. S. PEARMACOP®EIA TEST ¥OorR TRYPTIC ACTIVITY OF
PANCREATIN

If 0 28 gram of pancreatin and 15 grams of sodium bicar-
bonate be added to 100 cc. of tepid water contained 1n a flask,
and 1f 400 cc. of fresh cows’ milk, which has been previously
heated to 38° C, be then added, and the temperature of the
mixture maintained at this point for 80 minutes, the milk
should be so completely peptonized that, 1f a sinall portion of
1t be transferred to a test tube and mixed with some nmitric acid,
no coagulation should occur

If 1t be desired to compare the powers of two preparations,
they may be tested side by side as above described and portions
of each withdrawn and acidulated at frequent intervals. The
rapidity with which the end point 1s 1eached will then give an
indication of the comparative proteolytic power.

MrrT METHOD

This method consists 1n allowing a solution of the proteolytic
enzyme to act upon the ends of a column of coagulated egg
albumin contained 1n a narrow glass tube and observing the
rate at which the column 1s shortened by the digesting of the
coagulum  While this cannot be considered a stiictly quanti-
tative method, 1t has obvious advantages as a means of demon-
strating the presence or absence of proteolytic enzyme or any
pronounced difference 1n proteolytic power between substances
which 1t 1s desired to compare.

For this method obtain the white of a fresh egg, cut 1t thor-
oughly with scissors or stir 1t with an equal volume of water,
and filter or strain through muslin or cheesecloth. The albumin
thus prepared should be homogeneous, nearlysclear, and entirely
free from air bubbles. Fill some clean, dry capillary glass
tubes of 1 to 2 mm. diameter with the prepared albumn.
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This may be done either by drawing up the fluid into the tube
as into a pipette or by lowering the tube into a column of she
flmd. Great care must be taken to avoid air bubbles 1n filling
the tubes. In order to coagulate umformly the contents of a
capillary tube, hold 1t (after filling with albumin) in the same
manner as a pipette and with the finger over the upper end
touch the lower end to the suiface of the boiling water in a
water bath until coagulation begins, then lay the tube hori-
zontally in the boiling water , after 15 minutes immersion 1n
boiling water, allow the tube of coagulated albumin to cool
slowly, preferably under water, then remove and 1f the tube 18
not to be used at once, seal the ends by means ot sealing wax o1
parafin. For use cut the tube of coagulated albumin into
sections about 2 em 1n length (being careful to sciatch the
tube at right angles to its axis and to bieak 1t with all possible
care to secure clean-cut square ends)  Reject the end sections
and any which contain air bubbles o1 1n which the albumin has
shrunken and does not completely fill the capillary. Immerse
a perfect section of “ Mett tube ” thus prepared and selected 1n
a measured volume of the liquid to be tested, with * blanks”
alongside 1 which all of the conditions aie the same except
that the enzyme 1s omitted, and note the length of column
digested out of the tube after standing 10 hows at 38° C or
for such time and at such temperature as may best meet the
requirements of the particular case.

When the test 1s applied to a liquid (e g to gastric juice)
an equal volume of the same lLiquid, boiled to destroy the
enzyme, may be used for the blank test

In testing a solid, 1t should be dissolved 1n an acid, alkaline,
or neutral medium according to the nature of the enzyme sup-
posed to be present. For pepsin or trypsin the acidity or alka-
Linity prescribed respectively in the above methods from the
U. S. Pharmacopeia may be used, and comparisons may be
made with a sample of pepsin or trypsin whose power 1s known
to approximate the requirement of the Pharmacopeeia test.

See also the methods of expressing proteolytic power given
by Rose and others in the journal articles cited below.
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. ALLEN METHOD MODIFIED

Dissolve 1 gram of dry/powdeled egg albumin 1n 20 ce. of
lukewarm water 1in a 100-ce. flask, heat 1n a boiling water bath
to coagulate the albumin (Note 1), and cool to 40° C., add 0.1
gram of the sample of pepsin to be tested and 25 ce. of tenth-
normal hydrochloric acid (Note 2) ; warm to 40° C, and main-
tain at this temperature for 3 hours (Note 3); then add a
volume of tenth-normal sodium carbonate solution exactly
equivalent to the acid previously added (Note 4), mix thor-
oughly by shaking and place the flask 1n a water bath at 90° C.
for 10 minutes to destroy the enzyme and coagulate any meta-
protein (syntonin) which may have been dissolved by the acid
and liberated when the latter was neutralized by the alkal.
Cool, dilute with water to 100 cc., and filter through a dry
papet, protecting the solution from unnecessary exposure to air
so that 1t shall not change by evapoiation. This filtrate (A)
contains the proteoses, peptones, peptids and amino-acids which
have been formed by digestive hydiolysis of the protein plus
what existed in the pepsin added Measure 25 cc of filtrate
A mto a Kjeldahl flask and determine total mitrogen  To 50
ce. of filtrate A (1epresenting one half of the solution), add
powdered zine sulphate in the cold with thorough stiring untal
the solution 1s satutated, allow to stand with occasional stirring
for half an hour, filter through pure filter paper, and wash the
precipitate with a saturated solution of zinc sulphate  Trans-
fer the precipitate with the paper to a Kjeldahl flask and deter-
mine nitrogen as a measure of the pioteoses, acidulate the
filtrate (B) with hydrochloric acid and precipitate with bro-
mine as described above under determination of protemns by
bromine precipitation The nitrogen of the bromine precipi-
tate serves as a measure of the amount of peptones ; the filtrate
from the bromine precipitate (filtrate C) contains the amino-
acids and any peptids not precipitated by biromine. The
amount of mtiogen 1n these forms may be foupd by difference.
From the total mitrogen of proteoses, peptones, peptids, and
amimno-acids as found from an aliquot portion of filtrate A
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above, subtract the mitrogen of proteoses (zinc sulphate pre-
cipitate) and of peptones (bromine precipitate) , the remaifider
18 the mitrogen of peptids and amino-acids

A blank test should be conducted, using a boiled solution of
the pepsin, but 1n all other respects exactly as above described
Such a blank test will supply the combined coriections for the
nitrogen of the pepsin and for the cleavage products which may
possibly be produced by the action of the hydrochloric acid on
the coagulated albumin.

For data 1llustrating the apphcation of this method see Allen’s
Commercial Organic Analysis, Volume IV (2d ed ), pp 857-
358

Note 1 — The coagulated albumin should be in the form of
finely divided flocks so as to be1eadily accessible to the enzy me.
So far as the action of the enzyme on the albumin 1s concerned,
1t would seem better to leave the latter uncoagulated , but when
this 18 done there may be difficulty in filtration at the end of
the digestion period.

Note 2 —The addition of acid at this pomnt 1s intended
to give the 1eaction most favoiable for the pepsin activity.
If the enzyme under test woiks best mn a neutral solution,
the acid may be omitted ; or in the case of trypsin, sodium
carbonate may be added at this point to give the favorable
degree of alkalimty

Note 3 — While three hours 1s a suitable time for digestion
mn the case of commercial pepsin such as Allen was engaged 1n
testing, 1t 1s obvious that a longer o1 a shorter period of diges-
tion may be adopted when woirking with substances of much
lower or much higher proteolytic power.

Note 4 —Compare Note 2 If no acid was added at the be-
ginning of the digestion, no alkal should be added here. If al-
kal1 was added at the beginning of the digestion, an equivalent
amount of acid must be added at the end The object here 1s
to restore the neutrality of the solution so that the subsequent
heating and filtrgtion will remove any dissolved but undigested
protein along with the undissolved coagulated albumin.
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OTHER METHODS

As indicated above, many other methods, some of them very
promising, have been proposed for the measurement of proteo-
lytic power. In1eseaich work especially, the vaiious methods
available should be carefully studied with a view to the selection
of the one best adapted to the particular problem in hand. The
1eferences given at the end of this chapter will put the reader
in touch with the hiterature of the subject.
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CHAPTER XVI
Grain Products

IN the routine analysis of vegetable foods and feeding-stuffs
1t 18 customary to determine moisture, fat, protein, fiber, and ash
and to estimate the 1emaining substances as * carbohydrates by
difference ” or as “ mtrogen-free extiact 7 Often the separate
determination of fiber 1s omitted, and this, as well as the sugars,
starches, pentosans, etc., 1s included 1n the * carbohydrates by
difference.”

The present chapter will include the methods for such deter-
minations, which are of fauly general application 1n food anal-
ys18, and also some special methods for the examination of grain
products 1n particular

PREPARATION OF SAMPLES

Samples for analysis should, if moist, be weighed into large
flat-bottom dishes, diied until brittle (though not necessaily
quite o constant weight) at a temperature not above that of
the water oven, then allowed to stand exposed to the air until
they neither gain or lose in weight, and the weight of the air-dry
material recorded 1n percentage of the weight of the fresh sub-
stance. The air-dry material 1s then ground in a coffee or
drug mill 1 until all will pass through a sieve of one-half-milli-
meter mesh, or, 1f this 1s not feasible, through a sieve having
round holes one millimeter 1in diameter.

Fineness of grinding 1s important, not only to secure suffi-
ciently accurate portions for the separate determinations, but
also to permit of efficient extraction in the determinations
described below..

1In laboratories where many such samples are to be ground a special power
mill 18 sometimes provided
334
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DETERMINATION OF MOISTURE AND FAT

Dry 2 grams for 5 hours, or to constant weight, at the tem-
perature of boiling water, 1f possible 1n a current of dry hydro-
gen or 1 vacuo. Consider the loss of weight as moisture.
Extract the diied sample 1n a Soxhlet or continuous extractor,
with anhydrous alcohol-free ether for sixteen hours. Dry the
extract to constant weight 1in a boiling water oven. The ether
extraction should be carried out at a distance from any free
flame, the flask being heated by a safety water bath or, more
convenlently, by an electiic heater

Notes — The ether extract of vegetable substances often
contains 1n addition to fat moie or less of coloring matters
and resinous substances, these being moie readily soluble
i ether containing fatty oils than in ether alone. In the
cereal gramns and especially in the mlling products fiom
which the outer layers of the giamms have been separated
the amount of such umpurities 1s usually neghgible. If the
extract 1s made to peicolate a layer of ammal charcoal, prac-
tically puie fat 1s obtained !

The reason for drying 1n a current of hydrogen rather than
n air 18 that the oils of the cereal grains belong to the “sem-
drying ” group and therefore absorb oxygen when exposed to
air, especlally at high temperature. This will of course increase
the weight of the fat and make the apparent percentage of
moisture too low. The partially oxidized oils aie also apt
to be incompletely extracted by ether. For a full discus-
sion of the determination of water in foods and physiological
preparations, see Benedict and Manning Am J Physiol.,
1905, 13, 309

Fat may also fail of complete extraction, even when un-
changed, by being occluded or mechanically inclosed in car-
bohydrate o1 proteimn material which 1s 1mpervious to the
ether.

Although ether extracts may be evaporated at the tempera-
ture of boiling water without loss of fat, such loss has been

1 Patterson Am Chem J, 12, 261.
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found to occur in drying moist samples even 1n a current of
hydrogen. That the loss 1n such cases 18, 1n part at least, due
to an actual volatilization of material may be shown by passing
the current of hydrogen 1n which the sample 1s dried into strong
sulphuric acid.  This loss 1s probably due to the action of the
escaping steam and may be practically avoided by drying at a
lower temperature, preferable in a partial vacuum

All thiece of the causes just mentioned tend toward a defi-
ciency of fat in the analysis of cooked foods prepared from
cereal products Thus 1in a number of experiments on biead
making ! the fat found by analysis of the dried bread was less
than half of that contained 1n the materials used, and the 10dine
figure of the ether extract of the brcad was only 60 4 as agunst
101.4 in that of the original tlour, showing that a very consider-
able oxidation had taken place even in that portion of the fat
which was still soluble 1n ether.

Berntrop’s method for the determination of fat in breadstuffs
1 as follows 2 Mix 150 grams of fresh biread with 500 ce. of
water, add 100 c¢ of concentiated hydrochloric acid, and boil
for two hours connected with a reflux condenser.? Cool the
resulting brown iquid to room temperature, filter with suction
through a moistened fat-fiee paper, and wash with cold water
Dry the paper and 1esidue for an hour at 100° to 110°, remove
the residue as completely as possible from the filter paper,
and grnnd 1t with sand 1 a mortar  Cut up and add the
filter paper, and tianster the diy mixture to a paper extrac-
tion thimble and tieat with ether or petioleum ether in an
extractor.

Dormeyer's method,t designed originally for the determi-
nation of fat in anumal tissues, has been adapted to vege-
table foods by Beger.s From 3 to 5 giams of substance
are mixed with 480 cc of water, 20 cc. of 25 per cent hy-

1 Bul 67, Office of Experunent Stations, U S Dept Agriculture

2 Z angew Chem , 1002, 121

8 In treating meal or flour heat for an hour 1n a water bath and then boil for
an hour with the refhifa condenser attached

t Arch ges Phywiol (Pfluger), 1805, 61, 341 , 1896, 65, 90
5 Chem Ztg , 1902, 26, 112
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drochloric acid, and 1 gram of fat-free pepsin. The mixti
18 kept at 37° to 40° for twenty-four hours, filtered w
suction through a paper supported on a porcelain plate a
covered with asbestos, and both the filtiate and the resid
extracted with ether.

DETERMINATION OF CRUDE FKIBER?

Extract 2 grams of the substance with ordinary ether, or 1
the residue from the determination of the ether extract.
this residue, 1n a 500-cc flask, add 200 cc of boiing 1 25 |
cent sulphuric acid; connect the flask with an inverted e
denser, the tube of which passes only a short distance beyc
the 1ubber stopper into the flask  Boil at once, and contir
the boiling for 30 minutes. A blast of air conducted mto 1
flask may serve to reduce the frothing of the hqud Filt
wash with boiling water till the washings are no longer ac
rinse the substance back into the same tlask with 200 ¢¢ o
boiling 1.25 per cent solution of sodium hydroxide, practica
frtee fiom sodium carbonate, boil at once, and continue t
boiling for 30 mnutes m the same manner as directed abe
for the tieatment with acid  Filter on a Gooch crueible, a
wash with boiling water till the washings are ncutial, dry
110°. weigh, mcinerate completely  The loss of weight
crude fiber.

The filter used for the first filt1ation may be linen, one of t
forms of glass wool or asbestos filters, or any other form tl
secures clear and reasonably 1apid filtration.  The solutions
sulphuric acid and sodium hydroxide are to be made up of t
specified strength, determmed acculately by titration and 1
merely from specific gravity.

DETERMINATION OF ASH

Char about 2 grams and burn to whiteness at the lowest p
sible red heat, preferably 1n a flat-bottomed platinum dish 1
muffle. .

1 Bul 107, Revised, Bur Chem , U S Dept Agriculture. See also Thatch

J Am Chem Soc, 1902, 24, 1210, Browne Ihd , 1904, 25, 316.
z
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If considerable quantities of phosphates are present, these
may fuse over some of the carbon and render its contbus-
tion very slow. In such cases, extract the charied mass
with a little hot acetic acid, set aside the solution till the
char 1s buined, then evaporate 1t to dryness in the same
dish and heat the residue to dull redness till the ash 1s white
or nearly so. Samples containing added salt should be ex-
tracted with water befoire charring, and the determination
fimshed as just described.

DETERMINATION OF PROTEIN

Determine total mitrogen by one of the modifications of the
Kjeldahl method as desciibed in Chapter XIV.

On the assumption that proteins in general contain approxi-
mately 16 per cent of mitiogen, 1t has been customary to multi-
ply the percentage of mtiogen by 6.25 as an estimate of the
percentage of protein.

The extended 1nvestigations by Osborne and his associates,!
and by Ritthausen,? have shown that nearly all the cereal pro-
teins contain over 16 per cent of nitrogen, so that the results
obtained by multiplying the nitiogen by 6 26 are too high.
The factors now regarded as most ncaily correct are: for
wheat, rye, and bailey, 5.78, for maize, oats, rice, and
buckwheat, 6.00 The old factor 6.25 1s, however, still fie-
quently used for the sake of umiformity or for comparison
with earlier work  In reporting results, therefore, the factor
used should always be given.

SEPARATION OF WHEAT PROTEINS

Nearly all the nitrogenous material 1n wheat, and especially
in wheat flour, 1s 1n the form of proteins.
The proteins of wheat have been studied with great thorough-

1Reports Conn Agl Expt Station, 1890 et seq Much of the work has also
appeared in J Am Chem Soc, Am Chem J, Am J Physwl ,or J Buol.
Chem &

2 Summanzed in Landw Vers Stat, 1896, 47, 391

3 The factor 5 68 has recently been proposed for wheat flour
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ness by Osborne, who finds five forms and estimates the amount
of eftch 1 average wheat as follows*

Albumin (leucosin ) . 03-04 per cent
Soluble m water {Proteoee (about) . 0 3 per cent
Soluble 1n ten per cent NaCl— Globulin (edestin) . 06-07 per cent
Soluble 1n 70 per cent alcohol— Ghiadin (about) . 4 25 per cent
Insoluble 1n neutral solvents— Glutenin . . 40-45 per cent

In fine flour the relative amount of ghadin 1s higher than in
the whole grain, fiom one half to three fifths of the total nitrogen
of fine flour being usually 1n the form of alcohol-soluble protein

The ghadin and glutenin together make up the gluten, which
to the bread maker 1s of greater importance than the other pro-
teins of the flour. In addition to the percentage of gluten in the
flour the proportion of ghadin in the gluten 1s 1mpoitant to its
baking qualities.

Hence the protein separations of direct importance in establish-
ing the commercial value of the flour are (1) to separate the
watel- and salt-soluble proteins from the gluten, (2) to determine
the alcohol-soluble protein or ghadin. Knowing the amounts of
these and the total protein present, the amount of glutenin may
be found by difference.

On the basis of Osboine’s studies, Chamberlain has developed
the following methods for the routine determination of alcohol-
soluble and salt-soluble p1oteins.

Determination of alcohol-soluble protein (““crude gliadin’) —
Treat 5 grams of the sample with 250 cc of alcoliol, 70 per cent
by volume, for 24 hours, shaking every half hour during the first
8 hours; filter through a dry paper, determine nitrogen in 100
ce. of the filtrate, and multiply the result by 5 7.

In making this determination of nitrogen the 100 ce. of solu-
tion may be transferred to a Kjeldahl flask, 3 cc. of sulphurie
acid added, and the liquid boiled down to a small volume, after
which the remainder of the acid 1s added and the determination
completed as usual. This determination will usually give a
result very shightly higher than the tiue amountof glhiadin, since
any amino-acids or amids present are likely to be dissolved by the
alcohol.
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Determination of salt-soluble protein. — Treat 12 grams of the
sample with 300 cc of 5 per cent potassium sulphate as described
under the determination of alcohol-soluble protein. Determine
nitrogen 1n 100 cc. of the filtrate and multiply by 5.7 to estimate
the salt-soluble p1roteins.

SEPARATION OF CARBOHYDRATES IN CEREAL ProbpucTs

Determination of Reducing Sugars, Sucrose, Dextrin, Starch,
Pentosans, and Cellulose

The following scheme! provides for each of the substances or
groups mentioned and avoids the danger (inherent in any plan
of making a numbe1 of independent determinations) of includ-
1ng the same substance as a constituent of more than one group.

Free the sample from fat by washing with ether.

Extract with boiling alcohol.

Solution A — Evaporate the alcohol, dilute with water, and
determine the reducing power of portions of the solution before
and after hydrolysis Calculate the reducing sugar and sucrose.

Residue A — Extract with cold water.

Solution B. — Hydrolyze a portion and determine the result-
g dextiose, calculate dextrin and soluble starch  In another
portion, precipitate soluble staich by baiium hydroxide,? filter,
and determine dextrin 1n the filtrate.

Residue B. — Boil with wate1 and treat with malt extract or
saliva, filter, and wash thoroughly.

Solution C. — Hydrolyze, determine 1esulting dextrose, and
calculate starch.

Residue ¢ — Boil with 2 per cent hydrochloric or sulphuric
acid until the maximum reducing power of the solution 1s
reached @

Solution D — Determine reducing power 1n the same manner
as for dextrose. Calculate as xylose, the reducing power of

1 Based on the following papers Stone J Am Chem Soc, 1897, 19, 188,
Sherman Ibwd , 1897, 19, 291 Browne and Beistle Ibwd, 1901, 23, 229

2 Agboth Chem Ztg , 1889, 13, 591

2 For sulphuric acid this was found to be 4 to 6 hours Stone prefers hydro-
chlorc acid and states that the reaction 18 nearly complete 1n 1 hour.
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which 1s 1.03 times that of dextrose.! From the pentose thus
found calculate the percentage of pentosan In the case of
wheat 1t has been found 2 that the material (* hemicellulose )
dissolved and hydiolyzed at this point 1s entirely pentosan.
The same 18 probably true of the other cereals The pentosan
thus dissolved and hydiolyzed does not include necessarily the
entire turfural-yielding substance of the cereal

Residue D — Boil for 80 minutes with 1 per cent sodium
hydioxide, filter and wash, press out most of the wate1, and ex-
pose the moist fiber to chlorine gas for one hour. Wash with
water, boil with a solution containing 2 per cent sodium sulphite
and 0 2 per cent sodium hydroxide; filter, wash with warm
water until the washings are neutral and coloiless, then wash
with strong alcohol, diy, and weigh. Deduct the ash which the
1esidue contains and calculate the organic matter as cellulose 3

Determination of Maltose, Dextrin, and Starch in Malted Cereal

The absence of any considerable amount of dextrose or
mvert sugar must be shown by sturing some of the sample
with about ten times 1ts weight of water and testing the fil-
tered extiact by means of phenylhydiazine o1 Barfoed’s solu-
tion as described in Chapter III. If no monosacchande 1s
present, the percentages of maltose, dextrin, and staich can
be estimated as follows

Mix 5 grams of sample with 125 ce. of cold water # 10 a 250-ce.
flask , allow to stand at 100m temperature for one hour, shaking
frequently ; fill to the mark, shake, and filter thiough dry paper.
Determine 1educing power of one o1 more 25-cc portions of

1 Stone Am Chem J, 1891, 13, 82 Since the reducing power of arabinose
does not differ greatly fiom that of aylose, this calculation would still be nearly
coirect 1n case both pentoses were present

2J Am Chem Soc, 1897, 19, 204

3 'L hus 13 the method of Cross and Bevan For a comparison of this with other
methods see J Am Chem Soc, 1897, 19, 304

4 If the sample contains an active enzyme, some of the carbohydrate may be
changed during this treatment with water To prevent this a very dilute alkal
solution, containing 0 02 per cent potassium hydioxide or an equivalent amount

of sodium or ammonium hydioxide, may be used Ling and Rendle, JJ /nst
Brewwng, 1904, 10, 238, Abs J Chem Soc , 1904, 86, n, 507
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this filtrate by either Defren’s or Allihn’s method and calculate
the amount of maltose.! Measuie 50 cc. of the same filtrate wto
a100-cc. flask, add 5 ce. of hydrochloric acid of 1.125 sp. gr., and
hydriolyze as 1n the determination of starch. Determine the re-
sulting dextrose, deduct the amount due to maltose, and estimate
the remainder as due to dextrin  Soluble starchif present would
be counted as dextrin in this analysis.

Thieat another portion of the original sample as deseribed under
the determination of starch, but without extracting the soluble
carbohydrates. From the dextrose found, subtract that yielded
by maltose and dextrin, and estimate the remainder as derived
from starch.

The results require a shight correction on account of the pres-
ence of the insoluble 1es1due when the solution 1s diluted to vol-
ume 1n the graduated flask  Although some details ot the method
are open to criticism, 1t gives results sufficiently exact for the
purpose for which 1t 1s mainly used, which 1s to show whether
the starch of the cereal has been largely changed to soluble
products.

The same plan may be usedin the examination of cereal foods
prepared by parching or in other ways, provided only one reduc-
Ing sugar 18 present in appreciable quantity The amount of
soluble carbohydrate 1in such preparations 1s usually too small
for satisfactory determination by means of the polariscope

AcipiTy

Acidity 1in flour is objectionable both as an indication of
deterioration and because 1t acts upon the ghadin, injuring the
physical properties which are especially important in bread
making.

To determine acidity, shake 10 grams of the dry sample
with 100 cc. of cold water, filter, and titrate an aliquot part
with tenth-normal sodium or potassium hydroxide, using
phenolphthalein as indicator. In fine flour the acidity calcu-
lated as lactic acyd should not exceed 0.10 per cent

1If Allhn's method 18 used, assume the reducing power of maltose to be 0 61
that of dextrose
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INTERPRETATION OF RESULTS

Official Definitions and Standards?!

Grain 18 the fully matured, clean, sound, air-dry seed of
wheat, maize, rice, oats, rye, buckwheat, barley, sorghum,
millet, or spelt.

Meal 18 the sound product made by grinding grain.

Flour 1s the fine, sound product made by bolting wheat meal
and contains not more than 13 5 per cent of moisture, not less
than 1 25 per cent of nitrogen, not more than 1.0 per cent of
ash, and not more than 0.50 per cent of fiber.

Graham flour 18 unbolted wheat meal.

Gluten flour 1s the product made from flour by the removal
of starch and contains not less than 5 6 per cent of mtrogen
and not more than 10 per cent of moistuie

Maize meal, corn meal, or Indran corn meal 1s meal made from
sound maize grain and contains not more than 14 per cent of
moisture, not less than 112 per cent of nitrogen, and not
more than 1.6 per cent of ash.

Rice 18 the hulled and polished grain of Oryza sativa.

Oatmeal 13 meal made from hulled oats and contains not
mote than 8 per cent of moisture, nor more than 1.5 per cent
of crude fiber, not less than 2.24 per cent of nitrogen, and not
more than 2 2 per cent of ash.

Rye flour 1s the fine sound product made by bolting ryemeal
and contains not more than 13.5 per cent of moisture, not less
than 1.36 per cent of nittoren and not more than 1.25 per cent
of ash.

Buckwheat flour 1s bolted buckwheat meal and contains not
more than 12 per cent of moisture, not less than 1.28 per cent .
of mitrogen, and not more than 1 75 per cent of ash.

Where percentages aie given in these standards they are, of
course, intended to represent normal limits rather than averages
or extreme limts.

1Circular No 19, Office of the Secretary, U S Dept Agriculture.
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Composition of Enture Graing

Wiley! estimates the approximate composition of average
typical American grains as follows :

TaBLr 25 — PrrRCENTAGF CoMrosirioN oF ENTIRE GrAINs (WILFY)

Barley \]\;]lxl::t Maize Oats mx‘:& d Rye Wheat
Moisture 108312001075 1000 | 1050 | 10 50 | 10 60
Protemn (Nitrogen x 625) | 1100 | 1075|1000 | 1200 | 7501225 | 1225
Fat (Ether extiact) 293| 200| 425] 450 160) 150 1753
Crude fiber 38511075 1751200 900] 210 240
Ash 250 175 150 350 400 190| 175
Carbohydrates (daff ) GO 3 627517175 5800|6740 7175|7125

Composation of Mill Products

An extended study of the mill products of wheat, made by
Teller at the Arkansas Ixperiment Station, 1894 to 1898,2 1n-
cluded a milling experiment in which the principal products of
a long process (7 bieak) 10ller mill were analyzed with the
following 1esults

TasLE 26 — PrrcrN1AGE Composiiion or MiLn ProbuceTs oF WurAT
(T¥LLI R)

> \{ Low Ship /ol >

bt | St il | S| g | W | e
Mosture 1375113901322 122511285139 | 650
Ash 33 47 90| 312 580 215 465
Crude fiber 17 26 T 355| 61t 217 160
Fat 105 125} 170) 480) 520 215|1448
Protein (Nitrogen x 57) 96911037 128816 36 | 1556 | 1231 | 36 00
Carbohydrates (diff ) 7501 73757056 (5902|5445 (6332|3655
Total Nitrogen 170 1821 226| 287| 273| 216| 634
Protemn Nitiogen 165 172| 220 263 251 198
Amid Nitrogen 05 10 06 19 22 18| 8

1Bul 45, Bur Cheme, U S Dept Agriculture
2Buls 42 and 53, Ark Expt Station (Fayetteville, Ark )
3The germ 18 11cher 1n amid nitrogen than other paits of the wheat kernel
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Under the system of milling now practiced in the Northwest
a humber of “streams” of flour are produced which are after-
ward united 1n different proportions to form the market girades
of flour. Snyder has recently published ! the following analyses
of the different « streams” as obtained in milling No. 1 North-
ern wheat by typical modein machinery.

TaBrr 27 — SNYDFR’S ANALYSES OF DIFrERENT MiLL PRODUCTS FROM
ONr SAMPLF OF WHEFAT

Watel Ash Tiadi Protein Curbo
Name of ssmple, or *stresm” | B0 | pir'eant | Numben 2| Per cont | X620 it
Per cent | por cant

90 per cent Patent 10 89 48 | 6075 09 | 1338 | 7525
Clear grade 1053 85 | 5463 13 | 1419 | 7443
First break 1168 61 | 6083 09 | 1356 | 7415
Second break 1110 52 | 5917 09 1500 | 7338
Thnd hieak 1097 49 | 5909 10 | 1650 | 7204
Fourth break 1114 71 | 3811 11 184t | 0971
First germ 1090 48 | 17 08 | 1200 | 7662
Second germ 10 37 59 | 50 M4 10 11263 | 7641
Fust middlings 10 37 12 | 7743 08 1263 | 76 57
Second middhings 1069 42 | 6385 08 | 1331 | 7558
Thnd middlings 1029 37 | 6667 08 | 1256 | 7678
Fourth mddlings 1108 38 | 6429 07 1225 | 7629
Fifth middhings 1021 42 | 6244 09 | 1281 | 7655
Sixth middhngs 1015 37 | 5797 09 | 1291 | 7653
Seventh middhngs 10 30 47 | 5916 10 1331 | 7992
First taihings 901 77 | 5000 12 | 1350 | 7672
Second tailings 954 65 | 579t 10 1338 | 7643
Second tailings cut 932 83 | 5488 11 1344 | 7642
Shorts duster 936 | 161 | 3951 18 | 1519 | 7384
Shorts middlings 979 | 403 _ — | 1747 | —
Wheat 1307 | 182 | —— — | 1425 | ——

It will be seen that a sample of wheat containing 13.07 per
cent moisture and 2 28 per cent mtrogen gave streams of flour
containing from 9 01 to 11.68 per cent moisture, and from
192 to 2 95 per cent of mitrogen The “ ghadin number,” or

1 Bul 85, Minn Agl Expt Station, St Anthony Park, Minn., 1904,
2 Alcohol-soluble nitrogen 1n percentage of the total nitrogen
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percentage of the total nmitrogen existing in the form of alcohol-
soluble proteins, varied from 39.51 to 66.67 It 1s interesting
to note that some of the streams of flour thus obtained from
average wheat in the ordimary milling process contain con-
siderably more nitrogen than 1s sometimes found in so-called
gluten and diabetic flours obtained 1n the market

For additional analyses and 1esults of experiments upon the
digestibility and nutntive value of cereal products see Bul. 13,
Part 9, Bureau of Chemistry, and Buls 28, 67, 85, 101, 126,
and 143, Office of Experiment Stations, U. S. Department ot
Agriculture.
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CHAPTER XVII
Milk

Cows’ milk is concisely described as essentially an aqueous
solution of milk sugar, albumin, and certain salts, holding 1n
suspension globules of fat and in a state of semisolution casein
together with mineral matter (Richmond) Small amounts of
other compounds are also present, but need not be considered
here.

Standard milk (whole milk) 1s defined! as the lacteal secre-
tion obtained by the complete milking of one or more healthy
cows propeily kept and fed, excluding that obtained within
fifteen days before and five days after calving, and contains not
less than 8 5 per cent of solids not fat, and not less than 8 25
per cent of milk fat.

These limits are considerably below the average and consider-
ably above the lowest authentic figures which have been found.
Average milk may be assumed to contain 12.9 to 13 per cent
of total solids, made up of —

Milk Sugar? Ash

33
335

50 07
483 072

In round numbers 3 40

{ Protein
Estimated aveirage 40 i

The protein content of average milk 1s, therefore, about one-
fourth of the total solids. In general the same relation holds
i milk which 1s richer than the average. Each increase of 1

1 Circular No 19, Office of the Secretary, U S Dept Agriculture
2 The figures for milk sugar mclude the small amount of undetermined non-
nitrogenous matter
3 These are the figures used 1n most publications of the U S. Dept Agri-
culture.
849
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per cent 1n total solids thus involves on the average an increase
of 0.25 per cent of proteins, the remaining 0.75 per cent buing
practically all fat. This increase 1n proteins and fat 1s usually
accompanied by a slight increase in ash and decrease in milk
sugar. The following average percentages illustrate these
relations 1n 1ich milk :

TotalSohds| Fat Protemn Sl\ﬁ]gl:r Ash
Average for 5 years, mixed even-
ing milk of 400 to 500 cows 1462 | 539 | 366 | 482 | 075
Average of 13 unusually nich
samples from mdividual cows 18 03 776 468 476 083

The composition of milk of less than average 11chness cannot
be so definitely stated. In some cases there 1s a deficiency of
fat and protemn with no decrease in milk sugar, while m other
cases the reverse 1s true. Usually if an unadulterated milk 1s
poor 1n fat, 1t will be found proportionately poor m piotemn,
while 1if the fat 1s normal, the protein is usually also normal and
the low percentage of solids not fat 1s due to a deficiency 1n
milk sugar.

Several hundred American analyses, made before 1890, com-
piled and averaged 1n ten groups arranged according to per-
centage of total solids, gave the following results .1

TaBLE 28 — C0o0kk’s COMPILATION OF AMERICAN ANALYSIS oF MILK

Group T;:;l Fat Proteins S(‘;gm] Group T({i:;d Fat Proteins Sugar
No 098 | per cent | Per cent | 1 -+ No SOHAS | per cent | Per cent and ash
Per cent Per cent Per cent Per cent

1 1135 | 320 299 516 6 1371 | 446 348 | 577

2 1177 | 3136 303 5.38 7 | 1425 | 487 365 | 573

3 1221 | 360 | 310 | 5.51 8 | 1477 | 520 | 387 | 570

4 1275 | 382 329 564 9 1517 | 547 407 563

5 1317 | 409 340 568 10 | 1583 | 588 426 | 569

1Cooke Vermont Agricultural Experiment Station Report for 1890, p 97.
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As arule the percentage of milk sugar and ash is most nearly
ccnstant, that of fat 1s most variable, while the protein varies
with the fat, but to a much smaller extent. The variations
which may be regarded as usual, and the extreme variations
which the writer has found authentically recorded, are as fol-
lows:

' Fat
Per cent

Solids not fat
Per cent

Proteins Milk sugar Ash
Per cent Per cent Per cent

85-95 34 4 6-5 07-078
4 90-13 76 {2 86-9 98| 2 33-5 28 | 0 66-1 44

Usual variations . 3-6
Fxtreme variations! |1 04-14 67

The extieme variations are of no practical value as a means
of determining the limits within which milk shall be considered
unadulterated, paitly because it 18 possible to practice “adulter-
ation through the cow” (¢ e by selection, feeding, and manner
of milking to obtamn “genuine” milk much below the normal
quality), but mainly because the milk which reaches market 1s
practically always the mixed product of several cows so that
individual variations have comparatively little effect.

There are many causes of variation in the composition of
cows’ milk. Only the most 1mportant can be given here.
Other conditions being normal, the percentages of fat and
proteins are higher 1n autumn and winter than in spring and
summer; they also increase as the amount of milk decreases
toward the end of each peiiod of lactation. Milk drawn 1n the
evening 1s generally 0.3 to 0.4 per cent richer in fat than that
obtained 1n the morming, and at any one milking the last
portions diawn are much richer than the first The influence
of a change of food upon the percentage composition of mlk 1s
usually only temporary. In general the peculiarities of breed 2

1Including only results obtamned from apparently healthy cows, beheved to
have been milked regularly under normal conditions

2For comparison of the milk of different breeds see Richmond’s Dairy
Chemistry, pp 122-126, Report of the New York State £xpt Station for 1891
(abstracted 1 the Expt Station Record, 4, 263), and Report of the Wisconsin
Expt Station for 1901, p. 85
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and the qualities of individual animals are the most important
factors 1n determining the richness of milk. Aside from.all
these conditions the milk of imdividual cows 1s subject to con-
siderable fluctuation, especially in fat content  Thus the
analyses of 60 monthly samples of the mixed milk of about
500 cows showed a variation of 0.89 i the percentage of fat,
the greatest deviation from the average bemng 0.50 per cent.
About.one half of the determinations of fat in the milk of in-
dividual cows of the herd during the same period were moie
than 0 50 per cent and about one fifth were more than 1.0 per
cent above or below the average. Milk representing the mixed
product of several farms, such as 1s now commonly sold 1n laige
cities, should, therefore, be much more uniform 1n composition
than that of a single cow or a small herd.!

SAMPLING AND PRESERVATION OF SAMPLES

If the lot of milk to be sampled 1s small 1t can be mixed by
pouring from one vessel to another from two to ten times,
according to the extent to which the cream has separated, and
the portion for analysis dipped, o1 withdrawn by means of a
pipette, from near the center. When the sample 1s too large to
be handled 1n this way 1t should be transferred if necessary to
a cylindrical can and sampled by means of a Scovell tube 2 In
order to obtain a proper sample of a laige lot of milk delivered
n cans of the same diameter, 1t 1s only necessary to sample each
can with the Scovell tube and mix the portions thus obtained.

The sample should be placed at once in a clean, dry, sterile
bottle, tightly stoppered, and analyzed as soon as possible.
Before withdiawing each portion for analysis the sample must
be thoroughly mixed by pouring — not by shaking.

1Fuller discussions of the variations in the milk of individual cows and mixed
milk of herds will be found 1n some of the reference books given at the end of
the chapter, in the papers on the composition of milk published annually by
Richmond 1n the Analyst, and 1 Hittcher’s Gesammtbericht uber die Unter-
suchung der Milch, Berlin, 1899

2 Wiley’s Agnricultuzal Analysis, Vol III, p 470, Leach’s Food Inspection
and Analysis, 2d ed, p 131 These sampling tubes are sold by dealers in

dairy apparatus.
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If the analysis cannot be made at once or 1f the sample is to
be*kept for some time after the analysis, 1t must either be
stored at a temperature near the freezing pomnt or preserved
by the addition of an antiseptic. Formaldehyde! added, while

the milk 1s still fresh, in the proportion of 1:
1000 will preserve the sample for months with-
out apparent change. This amount of form-
aldehyde has a scarcely perceptible influence
upon the analytical results  If preservation for
only a few days 1s required, a smaller amount
of formaldehyde should be used, 1 2000 to 1:
10,000, according to the freshness of the milk.

PRELIMINARY OR PARTIAL EXAMINATION

DETERMINATION OF SPECIFIC GRAVITY

The specific gravity of milk 1s usually be-
tween 1.029 and 1 034. Since cream 1s con-
siderably highter than milk, the specific gravity
would be lowered by the addition of water or
of cream, but cases 1m which genuine milk
shows a low specific giavity as a result of high
fat content are very raie. As already ex-
plamned, high peicentages of fat are normally
accompanied by high peicentages of proteins, so
that 1n most cases the specific gravity 1s higher
m rich than m poor milk. With practice the
samples which are exceptions to this rule can
usually be detected by noticing the apparent
viscosity and opacity of the milk as 1t runs from
the surface of the lower bulb of the lactometer.
The specific gravity taken in connection with

Fi1g 18 — Lactometer
of Quevenne or
Soxhlet type, with
thermometer 1n the
stem

this appearance 1s much used as a preliminary test by milk in-
spectors and 1s recommended by Richmond as the best means
of rapidly testing each lot of milk received bya large dairy.

1 Other preservatives are sometimes useful See Richmond’s Dairy Chem-

1stry, p 144, and Grelat Chem. Abs , 1, 1588
2a
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The Quevenne, Veith, and Soxhlet lactometers are hydrom-
eters of suffictent range for use with milk and so gradudted
as to read the “excess gravity ” over water taken as 1000. Thus
a milk of 1.0315 specific gravity gives a lactometer reading of
31.5°. These instruments are often made to include a Fahren-
heit thermometer, the scale of the latter being on the same
stem with the lactometer scale (Fig.18)  The lactometer 1ead-
ing should be taken between 50° and 65° F. and coriected for
temperature by adding o1 subtiacting 0 1° for each degree F.
above or below 60 The New York Boaid of Health lactometer
has a scale reading ze1o in pure water and 100 at 1 029 specific
glavity.

VoLUMETRIC DETERMINATION OF FAT

Babcock, in 1890, introduced the fiist satisfactory rapid
method for the determination of fat mn milk  On mixing milk
with approximately an equal volume of strong sulphuric acid,
the casein 18 dissolved while the fat remains unchanged and
can be separated by centrifugal force The test 1s performed
1n a bottle with a neck so graduated that the percentage of fat
can be read off directly upon removing the bottle from the
centrifuge

Determination. — Measure 17.6 cc of milk at 14° to 18°
(about 55° to 65° F ) and introduce into the test bottle. Add
17 5 ce. of sulphuric acid of 1 82 sp gr. (commercial concen-
tiated acid 18 usually the right strength), allowing the acid to
flow down the side of the bottle so as not to mix with the milk.
When acid has been added to all of the bottles and everything
1s ready to start the whnling, mix the mlk and acid quickly
and thoroughly by shaking, and continue the shaking until the
curd 1s 1n solution and the liquid has reached a permanent and
uniform color. Then place an even number of the bottles in
opposite pockets 1n the machine and wharl at the 1ate of 800 to
1200 revolutions per minute, according to the diameter of the
wheel which carries the bottle. After whirling five minutes,
fill with hot wateg to the shoulder of the bottle and whirl two
minutes, then fill with hot water to near the top of the giadua-
tion 1n the neck and whirl again for two minutes. The per-
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centage of fat 1s now shown by the height of the column 1n
thegraduated neck of the bottle.

Notes. — The capacity of the graduated neck of the bottle
from 0 to 1013 2 cc. It 1s assumed that the 17.6 cc. of milk
taken for the determination will weigh 10 times as much as
2 cc. of warm butter fat. It 1s 1mportant that the final read-
ings be taken while the fat 1s still warm. On account of the
unavoldable contiaction of the fat while taking these readings
1t 18 customary to read from the bottom of the lower to the top
of the upper meniscus. The result 1s usually within 0.2 per
cent of that found by the gravimetric method The column of
fat should be of a clear yellow color thioughout If the acid
used 18 too weak, flocks of undissolved casem aie apt to be
found 1n the lower part of the fat column, 1if too stiong, the
acid may char the fat  For a full discussion of the details of
the test, with directions for applying 1t to other dairy products,
see the work of Farrington and Woll.2

The most impo1tant modifications of the Babcock method aie
fully described in Richmond’s Dairy Chemistry, pp 174-192

CALCULATION OF SOLIDS FROM SPECIFIC GRAVITY
AND Far

Many formule have been proposed by which to calculate the
percentage of solids in milk from the percentage of fat and the
spectfic gravity  The results thus obtained are sufficiently ac-
cutate for many technical purposes and often for routine in-
spection work which 1s not to be made the basis of legal action.
Such formule may be found in many of the works referred to
at the end of this chapter They are necessarily based on the
assumption that each per cent of fat causes a defimte decrease,
and each per cent of solids not fat a definite increase, in the
specific gravity.

Since the solution densities of proteins, milk sugar, and
milk ash differ considerably,? any change ein the relative

1 Testing Milk and Its Products Madison, Wisconsin
2 Allen Commeicial Organic Analysis, Vol 1V (2ded ), p 166
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proportions of these constituents must alter the solution
density of the solids not fat and thus dimimish the accuracy
of this method.

One of the simplest of these formul 1s that of Richmond .

Total solids = L“‘Ct‘)‘“etz“ reading | 1 9 a4 40 14

With samples which do not differ greatly from the average
composition the 1esults thus calculated aire usually accurate
within 0 25 per cent.

DETERMINATION OF FAT, PROTEINS, MILK SUGAR,
AND ASH

ToTAL SOLIDS AND ASH

Into an accurately weighed flat-bottomed platinum dish intro-
duce two to five grams (depending upon the size of the dish , see
below) of the thoroughly mixed milk and weigh quickly to the
nearest mlhigiam If this weighing cannot be accomplished
within one munute, the dish should be covered with a weighed
watch glass to 1etard evaporation Place the open dish on a
water bath or on top of the boiling water oven until neaily all
of the water 1s expelled , diy to constant weight in a boiling
water oven or an an bath kept constantly at 97° to 100°  The
residue 1s somewhat hydioscopic and must be weighed quickly
upon 1emoval from the desiccator 1n order to obtain the correct
amount of total sohds.

Ignite the dry solids in a muffle at 550° to 600°, o1, 1f this 18
not feasible, regulate a Bunsen burner to give a very small col-
orless flame and apply this caiefully with constant attention so
that no part of the dish 1s heated above the lowest possible red-
ness. The ash should be white or very Light gray. After
obtaining the weight of the ash 1t may be used 1n testing for
preservatives, as described below.

Notes on Total Solids — When the same portion 1s not to be
used for the detetmination of ash a platinum dish 1s not essential.
Lead foil bottle caps are then very convenient, as they are eas-

ilv nnmharad hyr covatohina amalr-ly hantad and annlad and o
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cheap that each dish can be rejected after being used once. In
orfler that a larger surface may be exposed, the dish may contain
dry sand or other porous material and a small stirring rod
weighed with the dish and used to stir the residue while drying.
Unless absorbed upon porous material, no more than 0.5 gram of
milk for each square centimeter of the area of the bottom of
the dish should be taken for the determination.

The methods used in the Government Laboratory, London,
for the determination of solids in sour or fermented milk and
the estimation of the solids lost in fermentation have recently
been described by Thorpe.!

Notes on Ash. — Normally about two-thirds of the ash of
cows’” milk 1s insoluble in hot water. The presence of a
laiger proportion of soluble ash may be due to the use of
mineral preservatives or to the addition of salts to restore
the density and ash content to milk which has been watered.
Special tests for some of the mineial preservatives are given
beyond  In important cases 1t may be necessary to analyze
the ash to show whether 1t 1s of normal character. Richmond 2
gives the following as the average composition of milk ash:
calctum oxide, 20.27 per cent, magnesium oxide, 2.80 per
cent; potassium oxide, 28 71 per cent; sodium oxide, 6.67 per
cent, phosphoric anhydride, 29.33 per cent; chlorine, 14.00
per cent, carbonic anhydiide, 0.97 per cent, sulphuric an-
hydiide, trace, ferric oxide, etc, 0 40 per cent According
to most other wiiters® milk ash contains sulphates, but only
traces of carbonates. A sample of ash from the mixed milk of
about 500 cows examined by Thompson and the writer showed
no appreciable amount of carbonates and only traces of sul-
phates. When the ash was prepared at known temperatures,
there was no volatilization of chlorides below 650°, but even
at 450° to 500° there was consideiable loss of chlorine, due
doubtless to the formation of acid products in the combus-
tion of the organic constituents of the milk.

1J Chem Soc, 1905, 87, 206
2 Dairy Chemistry, p 32
3 See tabulated analyses in Stohmann’s Milch- und Molkereiproducte, p 89.
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FAT— GRAVIMETRIC DETERMINATION

Adams’ Paper Coil Method

In this method the milk 1s dried on porous paper, the fat ex-
tracted by means of ether into a weighed flask, the ether evapo-
rated, and the fat weighed.

Apparatus — (1) Strips of thick absorbent fat-free paper about
55 cm. long and 6 25 cm. wide,! each rolled into a loose coil
and fastened by means of a piece of wire or fat-free thread. If
difficulty 1s found 1n making a loose coil, two pieces of fat-free
string may be laid lengthwise upon the paper strip before rolling
1t up. This, however, should not be necessary.

(2) A Soxhlet apparatus for ether extraction, the form hav-
g ground glass connections being 1ecommended.

(3) A safety water bath or, preferably, an electric heater
which can be easily regulated.

Determination.— Mix the milk thoroughly and absoib a known
amount, about 5 grams, on the paper coll  The milk can be meas-
ured by means of a 5-cc. pipette and delivered directly upon
the coi1l, but as milk 1s more viscous than water, an ordinary 5-
cc. pipette will deliver less than 5 cc of milk, so that this method
can be made accuiate only by determining experimentally the
amount of milk which the pipette actually delivers. A better
method 18 to pour about 5 cc 1nto a very small beaker, weigh
quickly to centigrams and at once absorb the milk by standing
the coil in the beaker. The absoiption can be hastened by in-
clining the beaker and rotating the coll  The last diops 1n the
beaker must be carefully absorbed. Stand the coil upon the dry
end and reweigh the beaker quickly to centigrams If carried
out rapidly, this method 1s considerably more accurate than
measuring with a pipette  Dry the coil thoroughly 1n a boiling
water oven, place in a Soxhlet extractor, and extract with an-
hydrous ether, using the electric heater or safety water bath and
keeping the apparatus as far as possible from free flames If

1Strips of paper esf)eclally prepared for this purpose are made by Schleicher

and Schull If these are not available, the paper strips must be very carefully
extracted before use See Richmond’s Dairy Chemistry, pp 91-93
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not more than 5 grams of milk 1s used and the extractor siphons
ateintervals of 10 to 15 minutes, the extraction need not be con-
tinued longer than three hours. At the end of extraction dis-
connect the apparatus, remove the coil, replace the extractor,
recover nearly all the ether by allowing 1t to collect 1n the space
foimerly occupied by the coil, return the ether to its bottle, and
heat the flask containing the fat in a boiling water oven until
the weight 1s practically constant

Notes.— As the milk 1s absorbed by the paper the greater
patt of the fat 1s left on or near the surface, so that 1t 18 very
rapidly extracted by the ether. The coil must be thoroughly
dried before extracting with ether  The drying can be hastened
by pressing 1n the dry end of coil so that the inner layers of the
wet end are made to project in the form of a cone. Such a coil
will usually be dry after standing two to thiee hours in the boil-
mg-water oven. On removing from the oven press back the
projecting end of the coil and place 1t, milk end down, in the
extiactor, connect with the flask, pour 1n ether until 1t siphons
into the flask, then enough more ether to cover about half the
coill  Tlns 1s sufthcient to avoid any danger of the flask going
dry duiing the extraction, if the heat 1s so regulated that no
perceptible amount of ether escapes the reflux condenser. To
dry the extiact, leave 1t 1n the boiling water oven for three hours,
allow to cool fo1 one half hour, weigh, and then repeat, heating
about one hour each time, until two successive weighings show
a loss of less than one milligram  In laboratories where many
determinations are made 1t 1s customary to dry the extract for a
fixed length of time (usually five hours), which has been found
by experience to be sufficient.

Babcock Asbestos Method !

Provide a hollow cylinder of perforated sheet metal, 60 mm.
long and 20 mm. 1n diamete1, closed 5 mm. from one end by a
disk of the same material. The perforations should be about
0.7 mm. 1n diameter and about 0.7 mm. apart. Fill loosely
with from 1.5 to 2 5 grams of freshly igmited, woolly asbestos,

1 Bul 107, Bur Chem , U S Dept Agricultuie
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free from fine and brittle material, cool in a desiccator, and weigh.
Introduce a weighed quantity of milk (between 3 and 5 graths)
and dry at 100° to constant weight. This weight shows the
percentage of total solids. Place the cylinder in an extractor
and complete the determination of fat as described above.

This method avoids the possibility of having any ether-
soluble matter in the porous substance used to absorb the milk.
It 1s especially recommended for the determination of fat
cteam which cannot be absorbed upon the paper coil without
previous dilution.

ProTEINS

Formerly milk proteins were precipitated, or the milk evapo-
rated to dryness, and the residue after washing with ether and
dilute alcohol was dried, weighed, buined, and the ash deducted.
On account of the difficulty of completely removing the sugar
and fat, the results thus obtained were usually too high; so
that in the older statements of the composition of milk (some
of which are still often quoted) the proteins were usually over-
estimated.

Protemn in milk 1s now calculated from the nitrogen content,
multiplying the latter by the usual factor 6 25 or sometimes by
a special factor, 6.33 or 6 87, based on analyses of milk proteins
showing less than 16 per cent of nitrogen.

To determine the total mtrogen in mlk pour 5 to 10 grams
of the sample 1nto a small beaker, weigh quickly to centigrams,
pour the milk carefully into a Kjeldahl flask, reweigh the
beaker, and 1ntioduce 20 to 25 cc. of concentiated sulphuric
acid 1nto the flask 1 such a way as to wash down any mlk
which may have remained in the neck. Add 0 7 gram of mer-
cury, heat gently over a very small flame until most of the
water 18 expelled and no more frothing or spirting occurs, then
increase the size of the flame and complete the determination as
described 1n Chapter XIV.

Casein can be precipitated by acidulating the milk or by
means of magnesinm sulphate. Determination of nitrogen in
the washed precipitate shows the amount of casein i1n the milk.
Albumin can be precipitated by boiling the filtrate, and deter-
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mined in the same manner. Detailed directions for these
determinations will be found 1n Bulletin 107, Bureau of Chem-
1stry, U. S. Department of Agriculture.

MiLk SuGAR Or LAcTOSE

In most cases the direct determination of lactose is unneces-
sary, as the difference between the percentage of total solids and
the sum of the percentages of fat, proteins, and ash should not
differ from the tiue percentage of lactose by more than 0.1 to
0.2 per cent. When direct determination 13 desired, either the
polariscopic method or one of the methods based upon the
reduction of copper can be used. In the former case the pro-
teins are precipitated and the solution clarified by means of
mercuric mtrate or 10dide; 1n the latter, by cupric hydroxide or
acetic acid, alum, and aluminium hydroxide.

Optical Determination!

Place 65 8 grams of milk in each of two flasks, one graduated
at 100, the other at 200 cc , to each add 4 cc. of mercuric nitrate
solution,? fill to the maik, shake, filter through diy paper, and
polarize in a 200-mm. tube in the Schmidt and Haensch polar-
18cope.

In each case the reading is too high on account of the volume
occupied by the precipitate which contains the proteins and fat
of the mlk. Tlus volume 1s twice as great in proportion in the
100-cc. as 1n the 200-ce. flask. The coriected 1eading and the
volume occupied by the precipitate can, therefore, be calculated
by the method of double dilution as in the following example : 8

Weight of milk taken, 65.8 grams, or twice the ¢lactose
normal ” weight ¢ for the Ventzke scale

1 Wiley and Ewell J Am Qhem Soc, 1896, 18, 428,

2 To prepare this solution dissolve mercury 1n twice 1ts weight of nitric acid,
1 42 specific gravity, and add to the solution an equal volume of water, or pre-
pare a solution of equal strength by dissolving solid mercuric nmitrate in water
acidulated with nitric acid

3 Compare Wiley’s Agricultural Analysis, Vol III, pp 102, 278

4 Calculated from the sucrose normal weight and the approximate specific

rotatory powers of sucrose and lactose These data and directions for the
manipulation of the polariscope have been given in Chapters III and IV
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Average 1eading from 100-cc flask, 10 45.
Average reading from 200-cc. flask, 5.075.
Then
10.45— (5 075 x 2)=0.30 (half the error in the higher reading).
10 45— (0.30 x 2) =9.85 (corrected reading for 100-ce. flask)
9.85 — 2 =4 925, conected percentage of lactose.

The volume of the precipitate 1s calculated as follows.
10 45+ 2=5 225, apparent peicentage of lactose (100-cc. flask).

Then 5.225:4.925.. 100 =z.

z = 94 26, the volume of solution i1n the 100-cc. flask. Hence
the volume of the precipitate 1s 5 74 ce

Determination by Fehling Solution!

Dilute 25 ce. of milk with 400 ce. ot water in a 500-cc. flask,
add 10 cc of the copper sulphate solution used in the Fehling
method, mix and add 4 4 c¢ of normal sodium o1 potassium
hydioxide (o1 an equivalent amount ot a weaker standard solu-
tion), fill to the mark, mix, and filter thiough diy paper. The
filtrate must contain copper in order to insure the absence of
any trace of fiee alkali  In this clear filtrate lactose can be
determined by means of Fehling solution either by Defren’s
method as described i Chapter IIT, o1 by Soxhlet’s method,
Bul. 107,17 ¢. The milk 1s so greatly diluted 1n clarifying the
solution that the volume of the precipitated protemns and fat
can be neglected.

If lactose 1s to be determined volumetrically, the proteins
can be precipitated and the solution clanfied as described in
Richards and Woodman’s Air, Water, and Food.

INTERPRETATION OF RESULTS

The principal adulterations affecting the percentages of

nutrients 1n milk are the addition of water (sometimes con-
«©

tamning dissolved solids) and the removal of cream. These

1 Bul 107, loc cuit
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adulterations are sometimes difficult to detect with certainty
Iecause genuine cows’ milk varies considerably both in fat and
in other solids  Since the percentage of fat 1s more variable
than that of solids not fat, skimming 1s more difficult to detect
than watering. If as much as one fourth of the fat were
1emoved, the skimming would usually be indicated by the dis-
turbance of the normal relation between the percentage of fat
and that of proteins or of solids not fat; but the analysis can-
not be said to prove the removal of cream unless 1t shows a
lower percentage of fat than 1s ever found i1n genuine normal
milk. Starting with average milk containing 4 per cent fat
and 9 per cent solids not fat, one tenth of the fat could be
removed by skimming and the 1esulting product containing
3 6 per cent fat could not be distinguished by analysis from
genuine milk , while 1f the fat were 1educed to 8 6 per cent by
watcring. the solids not fat would be reduced to 8 1 per cent,
which 1s sufficiently below the normal to be detected without
difficulty  Ocecasionally genuine milk contains even less than
8 0 per cent of solids not fat (the deficiency in most of these
cases falling mainly upon the milk sugar), so that the limit of
8 5 for solids not fat might indicate watering where none had
been practiced. Such eirrors are avoided by taking account of
the proteins and ash  Milk should contain not less than 8.5
per cent of solids not fat, 8.0 per cent of protems, 0 7 per
cent of total ash, 0.5 per cent of ash insoluble in hot water.
These four determunations, especially 1f supplemented by
the refractometer examination of the serum as described
below, will usually suffice to show whether the milk 1s gen-
uine or has been watered with or without the addition of
soluble solids.

In most cases 1t 1s not necessary to show conclusively
whether milk has been skimmed or watered, but only whether
1t meets the requirements of a legal or trade standard. The
principal standards in force 1n the Umted States in 1910 are
given 1n the accompanying table, from the Twenty-seventh
Annual Report, Bureau of Animal Industry, U. S. Department
of Agiiculture.
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TABLE 29 — UNITED STATES AND STATE STANDARDS FOR MILK, 1910

=t
= -
@ g § @« 5 §
=2 b b = b =
State es |28 & State s | 28| &
-3 ® Y =8 @ 3
8o (B o En |25 o
g |88 £ L |as | &
United States! — | 85| 325 | New Hampshire 13 | 95 | 35
Cahforma — 1 85| 3 || New Jersey 15 | — 3
Colorado — | 85| 325 || New Mexico? — — —
Connecticut 1175 | 85 | 325 || New Yok 115 | — 3
Dist Columbia — 9 | 35 || North Carolina — 85 | 325
Delaware 2 — — | — || Noith Dakota 12 — 3
Flonda 2 — — | — || Ohio 12 — 3
Georgla 12 | 85| 325 || Oklahoma 125 | — 3
Hawan 115 | — | 350 || Oregon 122 9 32
Idaho 11 8 3 || Pennsylvama 2 —_ - | =
IlInois — 85 3 Porto Rico 12 — 3
Indiana — | 85| 325 || South Carohna 2 — — —
lIowa 125 | — | 3 | South Dakota 1 | 85 |32
Kentucky 12 [ 85| 325 | Lennessee | — 85 | 325
Louisiana 13 | 95| 35 || Texas L — | 85 (33
Maine 1175 | 85 | 325 | Utah ‘ 12 9 392
Maryland 125 | — | 35 || Vermont 1125 | 925 | 4
Massachusetts 1215 | — | 333 | May and June P12 | — | —
Michigan 125 | — | 3 | Vigima Co— | 85 32
Minnesota 13 35 | Washimgton {12 (873|325
Missour: — 85 | 325 || Wisconsin | — 85 3
Montana 12 9 3 || Wyomng 12 — | 24
Nebraska — — 3 May and June 15| — —

1Standards of Purity of Food Products

Office of the Secretary, Circular 19

United States Dept Agriculture,

2 Municipal control , no State standard

ExaMiNATION OF MILK SERUM FOR ADDED WATER

In general the serum or whey obtamned from milk under
fixed conditions 1s believed to be much more uniform 1n prop-
erties than the milk itself, in which case watering will be more
certainly detected by an examination of the whey than of the
whole milk.

Woodman’s method, adopted by Leach, for prepating the
serum 18 as follows :, To 100 cc. of milk at room temperature
1in a beaker, add 2 cc. of 25 per cent acetic acid, cover and heat
1n a water bath at 70° C for 20 minutes ; then place the beaker
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in 1ce water for 10 minutes, after which filter through a dry
pagper.

This should result in a clear filtrate (the serum or whey)
which may be tested either for specific gravity or with the im-
mersion refractometer. A specific gravity below 1 027 at 15°
C, or a reading of the refractometer below 39 at 20° C,,1s a
strong 1ndication that the sample 1s watered.

The great advantage 1n rapidity and convenience of such a
method over the determination of solids not fat commends 1t
to spection laboratories where many samples must be rapidly
examined for adulteration, and 1n scveral such laboratories the
refiactometer reading of the serum 1s now taken as the chief
criterion of watering. It should be noted, however, that the
usual legal criterion 1s a minimum percentage of solids not fat.

According to data determined by Tice! and by Leach? 1t
would appear that milk very poor in solids but free from added
water may fall far below the usual legal minmimum of 85 per
cent solids not fat while yielding serum readings of 39 to 42
on the immersion refractometer scale. Hence if milk 1s de-
clared watered only when both the peicentage of solids not
fat and the refractometer reading of the serum are below
mimmum limits, there will be much less danger of prosecutions
for watering in cases of milk not watered but naturally poor in

sohids.
CHEMICAL PRESERVATIVES

The chemical preservatives most likely to be used in milk are
formaldehyde, hydrogen peroxide, boi1ic acid or borax, and fluo-
rides. Benzoates and salicylates may perhaps be used in rare
instances. Methods for the detection and determination of these
and other preservatives will be found 1n the next chapter.

Carbonate or bicarbonate 1s sometimes added to milk, not as
a preservative propelly so called, but as an adulterant to hide
the fact that the milk has undergone acid fermentation, and
80 to g1ve 1t a fraudulent appearance of freshness.

When milk contans the equivalent of 0.05 per cent of

1Report of the New Jersey State Board of Health, 1009, pp 191-194
2Leach Food Inspection and Analysis, 2d ed, pp. 166-169.
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sodium carbonate, the ash obtained by direct ignition of the
solids shows effervescence on addition ot hydrochloric ac:d.
Such effervescence 1s rarely 1f ever seen in the ash of pure
milk, but since Richmond has found small amounts of carbonic
acid 1n the ash of milk believed to have been pure, the presence
of carbonate or bicarbonate should be confirmed by applying
Schmidt’s test, in which 10 ce. of milk are mixed with an equal
volume of alcohol and a few drops of a 1 per cent solution of
rosolic acid. The color 1s brownish yellow in pure milk but
1ose-red 1n milk containing carbonate or bicarbonate. A com-
parative test with pure milk should always be made. The re-
action 1s nearly as delicate as the test for effervescence in the

ash.
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CHAPTER XVIII
Food Preservatives!

FORMALDEHYDE?
Detection

OF the many methods available for the detection of formalde-
hyde mn milk and other foods only three of the best known and
most dehicate will be given here  For other methods see Bul.
107. Revised, Bureau of Chemistry, U. S Department of Agr
culture.

Sulphuriec Aaid Test 3— Dilute 2 to 8 cc of milk with an
equal volume of water 1n a test tube, add carefully, so as not to
mix the layers, from 3 to 5 cc of concentrated commercial sul-
phuric acid or pure acid to which a trace of ferric salt has been
added If formaldehyde 1s present, a violet ring forms at the
junction of the two liquids The charring of the milk by the
sulphuiic acid makes 1t difficult to define the delicacy of
the test One part of formaldehyde 1n 100,000 of milk can be
detected 1f the milk 1s fiesh and the test 1s applied soon after
adding the preservative

ITulroeblus i Aerd Test *— Mix 10 ce. of milk and 10 ce. of
concentiated hydiochloric acid containing about 2 mg. of ferric
chloride and heat slowly nearly to boiling, rotating the mixture
occasionally to insure solution of the curd. In the presence of

1Trade names and analyses of many proprietary preservatives will be found
1 the Year-Book of the U S Department of Agriculture for 1900, Chapmn’s
Theory and Practice of Infant Feeding, and the Zewtschrift fur die Untersuchung
der Nahrungs- und Genussmattel

28ee also the methods for detection and determination of formaldehyde given
m Chapter II »

8 Hehner Analyst, 1896, 21, 95

4Leach Ann Rpts Mass State Board of Health, 1897, 568, 1899, 699,
Food Inspection and Analysis, p 140 See also Chapter II

2B 369
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formaldehyde a violet color develops, otherwise the solution
slowly turns brown. The test 1s best performed 1n a porceiain
casserole, and 1n case of doubt the violet color 1s made much more
distinet by adding 50 to 75 cc. of water after having heated just
below boiling for about a minute. The liquid must be observed
carefully at the moment of dilution as the color brought out 1n
this way fades very rapidly. This test 1s delicate to 1 -+ 250,000,
but formaldehyde added to milk in such small quantities soon
disappears  When added to the extent of 1 50,000 to 1 100,-
000 the presence of formaldehyde in the milk will be shown by
this test tor from 1 to 6 days1 In testing sour or stale milk the
brown color noted above will often obscure the reaction given by
a small amount of formaldehyde until the solution 1s diluted with
water, but at this point the violet colot can be seen even though
the milk may have been much charied by the acid.

Gallie Acid Test — Thns test has been described 1n Chapter
II. Toapply 1t to milk o1 other hiquid food acidulate 80 cc with
2 cc of normal sulphuric acid and distill.  To the first 5 cc of
distillate add 0 2 to 0 3 cc of a saturated solution of gallic acid
n pure alcohol, incline the test tube, and pow 1n slowly 3 to 5 ce
of concentrated sulphuric acid. The piresence of foimaldehyde
18 shown by the characteristic blue 11ng described 1in detail 1n
Chapter II  In the writer’s experience this test 1s at least twice
as delicate as either the sulphuric or the hydiochloric acid test.
The latter would be suthciently delicate for all practical pur-
poses 1f milk samples could always be tested while fresh, but
when small amounts of formaldehyde have been added one or two
days previously, the gallic acid test may show the preservative
where either of the other tests would fail. In a laboratory ex-
periment,? a sample of milk which originally contained 1 50,000
formaldehyde ceased to give any reaction by the hydrochlorie
acid and ferric chloride test after five days, but the distillate
subsequently obtained from 30 cc. of this sample gave an un-
mistakable formaldehyde reaction when tested with gallic acid.

1Rivas Untverszfy of Pennsylvamia Medical Bulletin, 1904, 17, 176
Wilhams and Sherman J Am Chem Soc , 1905, 27, 1497
2 Wilhams and Sherman J 4Am. Chem Soc., 27, 1499.
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This gallic acid reaction may also be used very satisfactorily
as % means of confirming any doubtful results obtained by
either of the preceding tests, as there 1s little danger of nter-
ference due to chariing or to the appearance of other colors.

Determination

Very small amounts of tormaldehyde in milk can be deter-
mined by the following method, which 1s essentially that of
Smith,! except that a larger quantity of sample 1s used.

To 300 ce. of milk in a round-bottomed flask of about one
liter capacity add 3 cc of (1 3) sulphuiic acid and some glass
beads to prevent bumping, heat gradually to boiling, preferably
by means of a small rose-top burner, and distill until the dis-
tillate measures 60 cc. Transfer this to a 100-cc flask, add 10
cc. of standard potassium cyanide solution, approximately
tenth-noimal, and mix ; add a mixture of 15 cc of tenth-nor-
mal silver nitrate and 6 to 8 diops of 50 per cent mtric acid,
fill to the mark, shake, and filter through dry paper. Deter-
mine the excess of silver by the Volhard method and calculate
the 1esults as explamned in Chapter II. under the description
of the cyamide method as used for commercial solutions of
foimaldehyde. The precautions and the directions for stand-
ardizing there given should also be noted

By this method from 32 to 39 per cent of the formaldehyde
m the milk 1s recovered and determined in the distillate.
Assuming that the amount recovered represents 35 per cent. of
the quantity in the milk, the latter can be estimated with a
probable error of about one tenth  Using this as a means of
studying the disappearance of formaldehyde in muilk, 1t was
found 1n a typical expertment i which the proportion added
was 140,000, that nearly three fourths of the preservative had
disappeared after two days at room temperature. After four
days no formaldehyde was shown by this method, but the violet
color on dilution with water after heating with hydrochloric
acid contaimng ferric chloride was unmistakable. The latter
reaction could still be obtained after the mixture had stood for

1 J Am Chem Soc., 1903, 25, 1036.
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two weeks. When formaldehyde 1s added to mlk in large
proportion, 1:1000 to 1.10,000, as in the preservation® of
samples for analysis or reference, the rate of disappearance 1s
much slower.

HYDROGEN PEROXIDE

Detectrion

Hydrogen peroxide in uncooked milk 1s easily detected by
adding, to 10 to 15 cc of the milk, 2 to 3 drops of a 2 per cent
aqueous solution of paraphenylene diamine hydrochloride In the
presence of hydrogen peioxide a blue color appears either 1nme-
diately upon shaking or after a few minutes, depending upon the
amount present. The 1eaction depends upon the action of an
oxidizing enzyme 1 the milk, and the condition of the milk, there-
fore, affects the delicacy of the test ~According to Arnold and
Mentzel 1 1 part in 40,000 can be detected. Under o1dinary con-
ditions the delicacy 1s probably somewhat less than this In
comparative tests made immediately after adding the same
amounts of peroxide to sweet milks 1 to 2 days old and to very
sour curdled milks 3 to 4 days 61(1, the former weie found to
give the reaction much more stiongly than the latter. In
practice, however, the preservative would be added while the
milk was sweet and would probably disappear entirely before
the occurrence of curdling. Milk which has been boiled can be
tested after adding an equal volume of fresh milk known to be
free from peroxide.

Determnation

Chick,2 mn an 1nvestigation of the germicidal properties and
rate of disappearance of hydrogen peroxide in milk, used a
method based upon the titiation of the 10dine liberated by the
peroxide on adding potassium 10dide and sulphuric acid.

2KI + H,0, + H,80, =K, SO, + I, + 2 H,0.

Mettler 8 has used the method with satisfactory results in the
following modified form. To 40 cc. of water, 0.5 gram of

1Z Nahr -Genussm', 1903, 6, 306

2 Centralblatt fur Bacteriologie und Parasitenkunde, II Abth , 1901, 1, 705.
3 Thesis for the degree of Bachelor of Science, Columbia University, 1906
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potassium 10dide, and 10 cc. of 12 per cent sulphuric acid 1n a
glass-stoppered flask, add 10 cc. of the milk, stopper tight, and
allow to stand 1n a cool, datk place for two and one half hours
In order to guard against any possible loss of 10dine during this
time, use a flask with flaring mouth as described 1in connection
with the determination of the i1odine number (Chapter VIII),
and fill the gutter around the stopper with a solution of potas-
stum 10dide  Finally titrate the 10odine which has been set free
n the milk, using a fiftieth-normal solution of sodium thiosul-
phate. In this titration 1t 1s not necessary to use starch as in-
dicator, since the disappearance of the yellow color produced by
the action of the 10dine upon the proteins affords a satisfactory
end point  Test analyses gave results about 3 per cent too low,
doubtless because of the absorption of 10dine by the milk fat.
Tis source of error can be avoided by curdling the milk with
acid, filtening, and adding the 10dide to a measured amount of
filtrate, but this 1s considered 1madvisable in view of the fact
that the peroxide may be undeirgoing decomposition during the
filtration.
Boric Acip AND BORATES

In routine milk analysis! the ash obtained in the usual way is
treated with two diops of dilute hydrochloric acid and about a
cubic centiumeter of water. A strip of turmeric paper 1s then
placed 1n the dish, allowed to soak for a minute, removed, and
allowed to diy in the ann. A deep red color changing to green
or blue when treated with dilute alkali shows the presence of
boric acid. According to Leach this reaction 1s delicate to 1
part in 8000  The well-known flame test with methyl alcohol
18 less delicate, but can be used 1n confirmation.

The methods adopted by the Association of Official Agricul-
tural Chemists are as follows.2

Qualitative Detection
Render decidedly alkaline with line water about 25 grams of the sample
and evaporate to dryness on a water bath Ignite the residue to destroy
[

1 Leach Food Inspection and Analysis, 2d ed , p 184
2U S Dept Agriculture, Bur Chem , Bul 107, Revised
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organic matter Digest with about 15 cc of water,add hydrochloric acid, drop
by drop, untal all 15 dissolved, and add 1 cc 1 excess Moisten a piece of
delicate turmeric paper with the solution, 1f borax or boric acid 1s present, the
paper on drymng will acquire a peculiar red colo1, which 1s changed by ammo-
nium hydroxide to a dark blue-green, but 1s 1estored by acid

A prehmmary test may be made by 1immexsing a strip of turmeric paper
1 about 100 cc of liquad foods, to which about 7 cc of concentrated hydro-
chloric acid has been added Sohd and pasty foods may be heated with
enough water to make them thoroughly fluid, hydiochloric acid added
about the proportion of 1 to 13, and tested 1n the same manner

Quantitative Fstunation

Render 100 grams of the sample decidedly alkaline with sodium hydroxide
and evaporate to dryness i a platinum dish  Ignite the residue thoroughly,
heat with about 20 cc of water, and add hydiochloric acid diop by drop,
until all 1s dissolved  Transfer to a 100-cc flask, the volume not being allowed
to exceed 50 to 60 cc  Add 05 gram of calciun chlonide and a few drops of
phenolphthalein, then a ten per cent solution of caustic sodauntil a permanent
slightly pink color 1s produced, and finally add 25 ec of limewater Make
the volume up to 100 cc  Mix and filter through a dry filter To 50 cc of
the filtrate add normal sulphutic acid until the pink color disappears, then
methyl orange, and continue the addition of the acid untal the yellow 1s just
changed to pink  Boil to expel carbon dioxide Add fifth-noimal caustic
soda until the liquid assumes the yellow tinge, excess of soda being avoided
Cool the solution, add a Iittle phenolphthalein and an equal volume of glycerin
Titrate with standardized sodium hydroxide until a petmanent pink color 1s
produced

One cubic centimeter of fifth-normal soda solution 1s equal to 0 0124 gram
of crystallized boric acid

Low ! proposes the following modification of the turmeric test
Ten grams of the sample (hashed meat for instance) are mixed
with 5 ce. of halt-normal solution of sodium carbonate, dried, and
heated until volatile matter 1s completely diiven off. The
charred mass 1s powdered and treated with 10 cc. of water and
1 cc. of strong hydiochloric acid ~ After testing a small portion
of the filtrate as usual, the remainder 1s placed 1n a shallow
dish with a piece of turmeric paper and allowed to evaporate
at 40°-50° 1n a desiccator, 1f necessaly 1n a vacuum, when the
usual color shouldbe developed.

1J Am Chem Soc , 28, 807.
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This test is said to be much more delicate than drying on a
steam bath. For full details and discussion of delicacy see the
original paper. In this same paper, Low gives an improved
quantitative method for the determination of boric acid 1n food,
and data on the occurrence of boric acid 1n common salt and
in laboratory apparatus and reagents.

FLUORIDES

If food contaming a small amount of fluoride 1s burned to
ash 1n the usual way, the fluorine 1s hikely to be almost entirely
lost In the presence of a considerable excess of alkali this loss
of fluorine does not occur.

To detect o1 determine fluorides, add 1 gram of sodium car-
bonate to 100 cc. of milk,! evaporate, and burn to ash. If only
qualitative 1esults are 1equired, examine for fluorides by the
well-known etching test on glass. For a quantitative deter-
mmation of the fluorine, leach the mixture of ash and sodium
carbonate thoioughly with hot wate1, nearly neutialize with
sulphuric acid, leaving the solution shghtly alkaline, and then
apply Rose’s method as modified by Treadwell and Koch, Z.
anal Chem , 1904, 43, 469

The detals of the methods adopted by the Association of
Official Agiicultural Chemists are as follows 2

Mod:fied Method of Blarez

Thoroughly mix the sample and heat 150 cc to boiling (in the case of
solid foods the filtrate prepared as dnected under salicyhc acid may be
employed) Add to the boiling hquot 5 cc of a 10 per cent solution of
potassium sulphate and 10 cc of a 10 per cent solution of baiium acetate
Collect the precipitate 1n a compact mass (a centiifuge may be used advan-
tageously) and wash upon a small filter Transfer to a platinum crucible
and ash :

Prepare a glass plate (preferably of the thin variety commonly used for
lantern shde covers) as follows First thoioughly clean, polish, and coat on
one side by carefully dipping the plate while hot 1n a mixtwme of equal parts
of Cainauba wax and paraffin  Near the maddle of the plate make a distine

[ ]

10r equivalent amount of other food
2U S Dept Agniculture, Bur Chem, Bul 107, Revised.
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tive mark through the wax with a sharp instrument, such as a pointed piece
of wood or 1vory, which will remove the wax and expose the glass withopt
scratching the latter

Add a few diops of concentrated sulphuiic acid to the residue 1n the ciu-
cible and cover with the waxed plate, having the mark neaily over the cen-
ter and making sure that the crucible 15 firmly embedded 1n the wax DPlace
1 close contact with the top or unwaxed surface of the plate a cooling device,
consisting of a glass tube considerably larger 1n diameter than the crucible,
the bottom ot the tube being covered tightly with a thin sheet of puie rub-
ber A constant stieam of cold water 13 passed thiough the tube Heat the
crucible for an hour at as high a temperatuie as practicable without melting
the wax (an electiic stove gives the most satisfactory form of heat)

Remove the glass plate and indicate the location of the distingumshing
mark on the unwaxed suiface of the plate by means of gummed strips of
paper, then melt off the wax by heat or a jet of steam, and thoroughly clean
the glass with a soft cloth  If fluorine be present, a distinct etching will be
appatent on the glass wheie 1t was exposed

Second Method

If 1t 18 desired, the preceding method may be varied by mixing a small
amount of precipitated silica with the precipitated calcium fluoride and
applying the method given below for the detection of fluosilicates

This method 1s of value 1n the presence of foods whose ash contains a
considerable amount of silica, which unites with fluorine and forms fluosili-
cates The sulphuric acid then liberates hydiofluosilicic acid, which would
escape detection by the Blarez modified method

FLUOBORATES AND FLUOSILICATES

(Methods of the Association of Official Agricultural Chem-
1sts U S. Dept Agiiculture, Bur. Chem., Bul 107, Revised )

Make about 200 grams of the sample alkaline with lime water, evaporate
to diyness, and mcmerate  Extract the ciude ash fist obtained with water,
to which sufficient acetic acid has been added to decompose carbonates,
filter, burn the nsoluble portion, extiact with dilute acetic acid, and agam
filter. The 1nsoluble portion now contains calcium silicate and fluoride,
while the filtrate will contan all the boiic acid present

First Method 1

Incinerate the filter containing the insoluble portion, mix with a httle
precipitated silica, and place, with the addition of 1 or 2 ecc of concentrated
sulphuric acid, 1n a short test tube, which 1s attached to a small U-tube con-

1 Niviere and Hubert, Moniteur scientifique, 1895 [4], 9, 324
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taining a few drops of water Place the test tube 1n a beaker of water and
kgep 1t hot on the steam bath for from 30 to 40 minutes If any fluoiide be
present, the sihicon fluoride generated will be decomposed by the water 1n
the U-tube and will form a gelatinous deposit on the walls of the tube

Now test the filtiate as dunected under bouic acad If both hydrofluoric
and boric acids be present, 1t 1s probable that they aie combined as boro-
fluoride If, however, silicon fluoride 1s detected and not boiie acid, the
operation 1s repeated without the introduction of the silica, in which case
the formation of the silicon skeleton 1s conclusive evidence of the presence
of fluosilicate

Second Method

Incinerate the filter contaming the imsoluble portion 1 a platinum cru-
cible, mix with a hittle precipitated silica, and add 1 cc of concentrated sul-
phuric acid  Cover the ciucible with a watch glass, to the under side of
which a diop of water 1s suspended, and heat an hour at the temperature of
70° to 80> C1 The sihicon fluoride which 1s formed 15 decomposed by the
water, leaving a gelatinous deposit of silica and etching a ring at the pe-
11phery of the drop of water Test the filtiate for boric acid as described
above

SULPHUROUS AcCID

The methods adopted by the Association of Official Agn-
cultural Chemsts are as follows:

Qualitatwe Detection 2

To about 25 grams of the sample (with the addition of water, if necessary),
placed m a 200-cc Erlenmeyer flask, add some sulphur-free zinc and several
cubic centimeters of hydrochloric acidd  In the presence of sulphites hydro-
gen sulphide will be generated and may be tested for with lead paper Tiaces
of metallic sulphides are occasionally present 1n vegetables, and the above
test will indicate sulphites  Ilence positive results obtained by this method
should be verified by the distillation method

It 15 always advisable to make the quantitative determination of sulphites,
owing to the danger that the test may be due to traces of sulphides A tiace
1s not to be considered sufficient indication of the presence of sulphur dioxide
erther as a bleaching agent or_as a preservative

Quantitative Distillation Method 3

Distall from 20 to 100 grams of the sample (adding recently boiled water,
if necessary) 1n a current of carbon dioxide, after the addition of about 5 ce.

1 The watch glass may bhe kept cool by means S a prece of 1ce.
20U S Dept Agriculture, Bur Chem , Bul 107, Revised.
3 Itnd , Bul 137, p 116
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of a 20 per cent solution of glacial phosphoric acid, until 150 cc have passed
over Collect the distillate 1n about 100 cc of neamly saturated bromurss
water Allow the end of the condenser to dip below the surface of the hqud
i the receiver  The method and apparatus may be simphfied without mate-
11al loss 1n accuracy by omitting the current ot carbon dioxide, adding 10 ce
of phosphoric acid mstead of 5 cc, and diopping mto the distilling flask a
piece of sodium bicarbonate weighing not more than a gram, immediately
befoie attaching the condenser The ca1bon dioxide liberated 1s not sufficient
to expel the air entnely from the apparatus, but will prevent oxidation to a
large extent When the distillation 1s finished, boil off the excess of bro-
mine, dilute the solution to about 250 cc, add 5 cc of hydiochlonie acid
(1 part of the concentiated acid to 3 of water), heat to boiling, and precipi-
tate the sulphuwiic acid with a 10 per cent solution of barium chlotide Boil
for a few minutes longer, allow to stand overmight 1n a warm place, filter on
a weighed Gooch crucible, wash with hot water, 1gnite at a dull red heat,
and weigh as barium sulphate

Hoinel suggests that in distilling sulphurous acid 1t be
passed through cadmium chloride solution to remove hydrogen
sulphide before 1t 1eaches the bromine o1 10dine solution.

For other methods of detecting and determining sulphurous
acid and sulphites, as well as for discussion and interpretation,
see references at the end of this chaptei.

SALICYLIC ACID

The method and precautionary notes of the Association of
Official Agricultural Chemists are as follows: 3

A small amount of salicylic acid occurs naturally 1n many fruits, and not
more than 50 grams should be used for 1ts qualitative detection 1n the ex-
amination of foods A reaction obtained with this amount 1s due to added
salicyhc acidd  The method described below 13 1ntended for the quantitative
determination of salicylic acid If only a qualitative determination be de-
sired, many of the details may be omitted

If the material be a solid or semisolid, macerate the sample i a mortar
with water made shightly alkaline, and strain thiough a cotton bag or sepa-
rate by means of a centrifuge TIf preferred, macerate from 200 to 300 grams
with about 400 cc of water, and use aliquots of the filtrate for the deter-
mination of preservatives

In quantitative work place the macerated mass 1n a graduated flask, make
up to a definite volume ¥/1th water, and shake from time to time until solu.

1U S Dept Agriculture, Bur Chem, Bul 105, p 125
2 Ibud , Bul 107, Revised.
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tion 18 complete Then strain as directed above and use an aliquot of the
figtiate for extraction

Extract 1n a separatory tunnel 100 cc of the sample or of the aqueous
solution prepated from the-sample as desciibed above with a sufficient
amount of sulphuric ether! to prevent emulsion after the addition of 2 o
3 cc of dilute (1-3) sulphuric acidd Separate the clear aqueous solution,
and 1f any emulsion 15 present, give the separatory funnel a quick, vigorous
shake, and allow to settle again  If the emulsion 1s not bioken up n this
way, 1t may be accomplished by means of a centrifuge, or by adding 10 or
15 cc of low boiling point gasoline or petioleum ether, and shaking again

Separate the clear, aqueous portion obtamned fiom the emulsion and add
1t to the first aqueous portion separated  Then pour the ethet 1nto another
separatory funnel, care being taken that noune of the aqueous portion 18 left
with the ether  Retwin the aqueous poition to the separatory funnel and
agamn extract with ether, following the same procedure as before Repeat
this operation twice again, four sepaiate extractions with ether being made
1 all

In case of special difficulty 1n breaking up the emulsion m any of the

1 If the nature of the substance 1s such that extiaction with organic solvents
18 not practicable, as 1n the case of the presence ot a large amount of fat, the
salicylic acid may first be separated by distillation In such cases acidify the
macerated material with phosphoric acid and transfer to a distilling flask with a
very short neck and wide mouth An Eilenmeyer flask with inside diameter of
mouth of 1} minches 1s a good shape ‘The tube connecting the flask with con-
denser should be very short, with an inside diameter of not less than } of an
inch

Conduct steam through a small tube passing through the stopper and dipping
deeply into the material in the flask The distillation of the salicylic acid 18
facilitated by submerging the distilling flask almost to the stopper in an oil
bath and distilling with the temperature of the o1l at fiom 120° to 130° C , or by
adding about 20 grams of sodium chlonde to the contents of the flask for each
100 cc of the substance, to raise the boiling point Care must be taken not to
let the contents of the flask get too low, as the heat will decompose the organic
matter

Collect at least 600 cc of the distillate and continue the distillation until the
Jast 200 cc gives no color on the addition of a drop of feiric solution The dis-
tilling apparatus should 1n all cases be tested with known amounts of sahecyhe
acid 1n order to determine the amount of distillate necessary to carry over a
defimte weight of salicylic acid

It 1s sometimes practicable to determine the salicylic acid directly in the dis-
tillate by the colorimetric method with fertic chloride given above If the min-
eral acid used 1n the distillation be carried over mechamecally, however, the
accuracy of the method 1s greatly mmpaired Saheyl®e acid may be recovered
from the distillate aftor making alkaline and evaporating, if desired, by extrac-
tion with ether and estimating colorimetrically as directed above
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extractions, a small amount of ether may be allowed to remain with the
aqueous portion rather than the reverse, as 1t 1s removed 1n successive ex-
tiactions Wash the combined ether extracts by shaking in a separatory
funnel with one tenth their volune of water (using, however, not less than
20 cc of water at each washing) Care must be taken at each washing to
separate the aqueous portion completely from the ether, but none of the
ether should be allowed to run mto the wash water

Daistill slowly the greater pait of the ether, transfer the remainder to a
porcelain dish, and allow to evaporate spontaneously ~Thoroughly dry mn a
vacuum desiccator! over sulphuric acid, extract the dry residue with ten
portions of 10 or 15 cc each of carbon bisulphide or low boiling point petro-
leum ether, rubbing the contents of the dish with a glass 10d or other suit-
able 1nstrument and transferring the successive poitions of solvent to a
second porcelain dish The extracted residue should finally be tested with
a drop of ferric-alum solution, and if any reaction for salicylic acid be given
1t should be taken up 1n water, reextracted with ether, and the operation
repeated The gasoline extract 1s finally allowed to evaporate spontane-
ously

Dissolve the residue 1n a small amount of hot water and dilute to a defi-
nite volume  Dilute aliquots of the solution and match, imn Nessler tubes or
with a colorimeter, the color obtained by adding a few drops of feiric chlo-
ride or ferric alum solution with that of a standaird solution of salicylic acid
contaimng about 1 mg of salicyhe acid in 50 ecc A 05 per cent solution of
ferric chloride should be used, or a 2 per cent solution of ferric alum? In
either case, and especially with ferric chlorid, an excess of reagent should
be avoided, although an excess of 05 cc of 2 per cent feriic alum solution
may be added to 50 cc of the solution of sahcyhic acid without impairing
the 1esults

Salicylic acid may often be separated from fat extracted with the ether
by washing the ether solution with dilute ammonium hydroxide Then
evaporate the aqueous hiquid almost to dryness and test with ferric solution.

1In examining a substance whose ether extract does not give a color or pie-
cipitate with ferric solution, the drying ot the residue and 1ts extraction with
gasoline may be omitted The residue may then be transfeired by means of
warm water directly from the distilling flask to the graduated flask, in which 1t
is made up to a definite volume Substances interfering with the ferric reaction
may often be removed by precipitation with ferric chloride or lime

2 This solution should be boiled until a precipitate appears, allowed to settle,
and filtered The acidity of the solution 1s shightly increased 1n this manner,
but so precipitated 1t keeps clear for a considerable time, and the turbidity
caused by 1ts dilution with water 18 much less and does not appear for a much
longer time than 1f the urtboiled solution 18 employed This turbidity 1s espe-
cially objectionable 1n the quantitative estimation of salicyhc acid, asit interferes
with the exact matching of the color
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In the case of foods which yield to the gasoline solution of the ether resi-
dug a color that obscures the feri1c chloiide reaction (for example, tomatoes),
the ether solution may be evaporated, the residue dried 1 a desiccator or in
a current of dry air, sublimed, and collected on a watch glass cooled with
1ce  Then dissolve the sublimate 1n hot water and test with ferric alum

The same difficulty may often be avoided, and 1n fact the extraction with
gasoline of the dry residue from the ether extraction may sometimes be ob-
viated, by precipitating before extiaction with ferric chloride or calecium
chloride, making alkaline, and filtering. By this means tannin 1s entirely
separated from the product, and other substances whose color masks the sali-
cylic acid reaction are often removed

Delicacy of the Ferric Chloride Test. — Using fresh 1 per
cent ferric chloride as reagent the test 1s delicate 1n our hands
to a dilution of about 1 -400,000 when applied to 10 cec. of
solution, about 1 : 750,000 to 1 : 1,000,000 1f 25 cc. of solution
be tested. The violet color obtained with such small amounts
of salicylic actd must be observed quickly, as 1t fades rapidly,
passing through a rose-red color. A faint rose color may also be
obtained on addition of ferric chloride to solutions containing
salicylic acid 1n amounts too small to show violet reaction.

Interpretation. — The foimation of a violet color with ferric
chloride 1s a reaction by no means confined to salicylic acid.
Mulliken's tables! include many colorless compounds which
give more or less distinctly violet 1eactions with ferric chloride,
and some of these also resemble salicylic acid 1u solubilities and
even in volatility. It 1s not safe to assume 1n testing foods that
a constituent volatile with steam, soluble in ether, capable of
sublimation and crystallization, and giving a violet reaction with
ferric chloride, 1s necessarily salicylic acid

Brand 2 found that an extract of caramel malt yielded a sub-
stance not salicylic acad which showed all of these properties.
This substance he called ¢ maltol ”

The same or similar interfering substances have been found in
dark beers? and 1n solid foods consisting partly of baked cereal
products. ¢

1 Identification of Pure Organic Compounds.

2Z ges Brauw , 15, 303, and Ber , 27, 808 .

8 Abraham J de Phaim de Liege, 1898, 5,178 , Z Nahr -Genussm , 1, 1567

4 Backe Ann de falsipcations, Nov , 1909 Sherman: J Ind Eng Chem ,
2, 24. Backe Compt rend , 150, 540, 151, 78
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Among the tests for salicylic acid, other than the ferric
chloride reaction, are the formation of the methyl ester or the
nitro-compound, the reactions with bromine water and with
Millons’s reagent, and the Jorissen test

The adoption by Mulliken of the methyl-ester and mitration
tests for the 1dentification of salicylic acid 1s sufficient evidence
of their value for cases in which enough salicylic acid 1s involved
to make them available; but these tests and also the test with
bromine wate1 seem not to be sufficiently delicate for the detec-
tion of very small amounts.

The Millon and Jorissen tests, however, are very delicate,
and should be commonly used to confiim the findings of the
official ferric chloiide test

Test with Millon’s Reagent?!

To 10 to 20 cc of the tinal aqueous solution to be tested, add
2 diops of Millon’s reagent (prepared as desciibed in Chapter
XYV), mix by shaking, and immerse 1n boiling water for 45
minutes unless a sufficient color develops in a shorter time
In the presence of salicylic acid a red or pink color 1s obtained.

By heating, 1f necessary, for as long as 45 minutes, this test 1s
made so delicate that with practice and with blank tests for
comparison no difficulty was found in detecting the presence
of 1 part salicylic acid 1n 2,000,000 of water when 20 cc were
tested; when only 10 cc were tested, the pmnkish tint was
barely perceptible at this dilution Longer heating and varia-
tions 1n the amount of reagent added were tried without appre-
ciably altering the result. The limit of delicacy of thd test
with Millon’s reagent as heie used seems, therefore, to be
reached by heating in boiling water for 45 mnutes and to lie
at a dilution of about 1:2,000,000

The Millon reaction also has the advantage over the ferric
chloride test that the color produced even with very small
amounts of salicylic acid shows no evidence of fading on stand-
g overmght; but on account of the large number of sub-

1Sherman and Gross J Ind Eng Chem., 3, 492
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stances which respond to the Millon reagent! 1t seems unhkely
that this reaction will prove as useful as that of Jonssen.

Jorissen Test?

This test in 1ts original form 1s as follows.

To the solution to be tested add 4 or 5 drops of a 10 per cent
solution of potassium (or sodium) nitrite, 4 or 5 drops of acetic
acid, 1 drop of a 10 per cent solution of copper sulphate, and
heat to boiling. In the presence of salicylic acid the solution
tuins reddish and with more than a very minute amount be-
comes blood-red. Jorissen found that phenol behaved 1n the
same way, but benzoic acid did not. Abraham found that
maltol does not give this reaction and recommended 1t as the
most 1eliable test for salicylic acid

By dimimshing the amount of copper used 1in the above
directions and prolonging the heating, this test can be made
much more delicate than at fiist reported and consideiably
more delicate than the feiric chloride reaction. The longer
heating 1s necessary to fully develop the chaiacteristic color, at
least when only very small amounts of salicylic acid are present,
and the reduction 1n the amount of copper diminishes the shight
green color due to the reagent which otherwise may interfere
with the more delicate tests

The modified Jorissen test as now used for very small
amounts of salicylic acid 18 as follows .2 Bring the solution to
be tested 1nto a test tube, add 4-5 drops of 10 per cent sodium
o1 potassium mtrite, 4-5 drops of 50 per cent acetic acid, and
1 drop of one per cent copper sulphate Shake after addition
of each reagent and finally place mn a boiling water bath 1n
such a position that the test liquid 1s completely immersed 1n
the boiling water and allow to stand for 45 minutes, then

1 Vaubel Z angew Chem , 1900, 1125 MNasse Pfluger s Archw f d ges.
Physwol , 83, 861 (1901). Mann Physiological Histology, pp 4$21-328, and
Chemistry of the Proteids, p 7

2 Jorissen Bulletins de I' Acadenue Royal des Sciences, etc., Belgique, 3d
series, 3, 269 Sherman J Ind Eng Chem , 2, 24 Sherman and Gross
Ihd , 3, 492

¢ Sherman and Gross J Ind Eng Chem , 3, 492
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remove, allow to cool, and examine against a white background,
viewing the tube both vertically and horizontally and compar-
ing with a blank test in which the same amounts of reagents
have been added to pure water.

In this way, the presence of as little as 0.005 to 0.01 mulli-
gram of salicylic acid 1n pure water solution can be detected.
Faint but perceptible 1eactions were obtained with 5 to 8 cc. of
a solution of 1: 1,000,000 and with 18 to 25 ce. of solutions of
1: 3,000,000 to 1 : 3,500,000.

No advantage has been found 1in a brine bath over a water

bath, in longer heating than 45 minutes, nor in varying the
amounts of nitrite and acetic acid used. When larger amounts
of salicylic acid are present, a drop of stronger copper sulphate
solution may be used, up to a 10 per cent solution as originally
recommended. Except with very small amounts of salicylhic
acid the red color of the Jorissen reaction develops quickly on
heating, and the long immersion in the water bath then becomes
unnecessary 1f only qualitative results are required.
, A feature which will be of great importance 1n colorimetric
estumations of small amounts of salicyliec acid 18 that while the
violet color of the ferric chloride test fades rapidly, the red
color of the Jorissen test 1s quite stable. Even the faint colors
obtained by long heating, where only very minute amounts of
salicylic acid are involved, have shown no deterioration when
allowed to stand overnight.

It may also be noted that the ferric chloride and Jorissen
tests may be applied to the same portion of solution. After
making the ferric chloride test the solution 1s cautiously diluted
with water until the violet color just disappears and then very
carefully submitted to the modified Jorissen test, when 1f salicylic
acid 18 present a pink color will appear.

Maltol, 1somaltol, orcin, arbutin, resorcin, phlorizin, and
methyl-ethyl-aceto-acetate (all of which are among the sub-
stances giving blue, violet, or violet-red colors with ferric
chloride) do not respond to the Jorissen reaction.

Phenol gives about the same color as salicylic actd 1n both
tne Millon and the Jorissen tests, but the limits of delicacy are
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quite different. Phenol can be detected by the Millon reaction
t8 about 1 : 2,000,000. In the Jorissen test, phenol 1 : 100,000
gives practically the same color as salicylic acid 1 : 1,000,000.

Saligenin gives, 1n the Jorissen reaction, a red color at
1-10,000; a yellowish tint at 1:100,000; no reaction at
1:1,000,000. The limit of delicacy for the ferric chloride re-
action with sahigenin hes between 1 : 10,000 and 1 : 20,000.

2-oxy-1sophthalic acid gives the Jorissen reaction up to a
dilution of 1 :100,000 but 1s easily distinguished from salicylic
acid 1n the color which 1t gives with ferric chloride.

BENZOIC ACID AND BENZOATES

The methods of the Association of Official Agncultural
Chemists ! are as follows :

QUALITATIVE DETECTION

Separate benzoic acid as directed for salicylic actd  If benzoic acid be
present 1n considerable quantity, 1t will crystallize from the evaporated ether
m shining leaflets with characteristic odor on heating  Dissolve the residue
1 hot water, divide 1nto two portions (a) and (4), and test by the following
methods

(1) Iuwrst Method

Make portion (@) alkaline with ammmonium hydroxide, expel the excess of
ammonia by evaporation, take up the 1esidue with water, and add a few
drops of a neutral 05 per cent solution of ferric chloride The presence of
benzoic acid will be mndicated by the formation of a brownish colored pre-
cipitate of feiric benzoate

(2) Second Method (Mokler’s Method Modified)

Add to the water solution (portion b), prepared as described above, from
1to3 cc of third-normal sodium hydroxide and evaporate to dryness To the
residue, add 5 to 10 drops of concentrated sulphuiic acid and a sinall crystal
of potassium nitrate Heat for 10 minutes 1n glycerol bath at 120° to 130°C,
or for 20 minutes 1 a boiling water bath This causes the formation of
meta-di-nitro-benzoic actdd In no case must the temperature exceed 130° C.
After cooling, add 1 cc of water, and make decidedly ammomacal; boil the
solution, to break up any ammonium nitiite which may have been formed.
Cool and add adrop of fiesh colorless ammonium sulphide, without allowing
the layers to mix. A red-brown ring indicates benzgic acid. This 1s due to

1U S. Dept Agriculture, Bur Chem ,Bul 107, Revised, p 181, and Bul 137,
pp 110-112, 118, 117-118
2¢
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the formation of ammonium meta-di-amido-benzoic acdd On mixing, the
color diffuses through the whole hiquid, on heating 1t finally changesoto
greenish yellow, owing to the decomposition of the amido acid This fur-
nishes a means of distinguishing benzoic acid from salicyhic or cinnamic
acids Both the latter form amido compounds, which are not destroyed by
heating The presence of phenolphthalein interferes with this test.

QUANTI1ATIVE ESTIMATION

General Method of Preparation

Grind 1n asausage machine, if sohd or semisohd, thoroughly mix the sample,
and transfer a convenent quantity (about 150 grams) to a 500-cc graduated
flask  Add enough pulverized sodium chloride to satwate the water 1 the
sample, render alkaline with sodium hydioxide o1 milk ot lime, and dilute
to the mark with a satuirated salt solution  Allow to stand for at least two
houts with frequent shaking, and filter If the sample contains large amounts
of matter precipitable by salt solution, 1t 13 advisable to follow a method
simlar to that given under « Salt ot dried fish ” When alcohol 15 present,
follow the method given under “ Cider and similar products contaimng al-
cohol ”  Where large amounts of fats are present, 1t 15 well to make an alka-
line extiaction of the filtrate before proceeding as dunected under Extraction
and Titration The following will 1llustrate the manner of applying the
method to various classes of food products

Special Methods of Preparation

Ketchup — To 150 grams of the sample add 15 grams of pulverized sodium
chloride and transfer the mixture to a 500-cc graduated flask, using about
150 cc of a saturated solution of sodium chloride for 11ns1ng  Make shghtly
alkaline to litmus paper with strong sodium hydroxide and complete the
dilution to 500 cc with saturated salt solution Allow to stand at least
two hours with frequent shaking and then filter through a laige folded
filter If any difficulty 18 experienced, the mixtuie may be centrifuged or
squeezed through a mushn bag before filtering

Jellies, Jams, Preserves and Marmalades — Dissolve 150 grams of the sample
m about 150 cc of saturated salt solution and add 135 girams of pulverized
sodium chloridde  Render alkalime to hitmus paper with milk of lime
Transfer to a 500-cc graduated flask and dilute to the mairk with saturated
salt solution Allow to stand at least two hours with frequent shaking,
centrifuge if necessary, and filter through a large folded filter

Cuder and Sumilar Products containing Alcokol — Render 250 cc of thesample
alkaline to litmus paperewith sodium hydioxide and evaporate on the steam
bath to about 100 cc  Tiansfer the sample to a 250-cc flask, add 30 grams
of pulverized sodium chloride, and shake until dissolved. Dilute to the
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original volume, 250 cc, with saturated salt solution, allow to stand at least
tw® hours with frequent shaking, and filter through a folded filter

Salt or Dried Fish — Transfer 50 grams of the giound sample to a 500-cc
flask with water Make slightly alkaline to litmus paper with strong sodium
hydroxide and dilute to the mark with water Allow to stand at least two
hours with fiequent shaking and then filter through a folded filter Pipette
accurately as large a portion of the filtrate as possible (at least 300 cc ) into
a second 500-cc flask  Add 30 grams of pulverized sodium chloride for each
100 cc of solution Shake until the salt has dissolved and dilute to the mark
with saturated salt solution Mix thoroughly and filter off the precipitated
protein matter on a folded filter

Ezxtraction and Titration

Pipette a convement portion of the filtrate (100 to 200 cc ), obtaned as
above, mto a separatory funnel Neutralize the solution to litmus paper
with hydrochloric acid (1 3) and add an excess of 5 cc of the same acid
In the case of salt fish a precipitation of protein matter usually occurs on
acidifying, but the precipitate does not interfere with the extiaction Ex-
tiact carefully with chloroform, using suceess.ve portions of 70, 50, 40, and
30 cc  To avoid emulsion shake each time cautiously (vigorous shaking 1s
not necessary) The chloioform layer usually separates readily at the bottom
of the funnel after standing a few miutes If any emulsion forms, 1t can
be broken up by stining the chloroform layer with a glass rod If this 1s
unsuccessful, the emulsified portion may he diawn off to a second funnel
and given one o1 two sharp shakes from one end of the funnel to the other
If this also fails, the emulsion should be centrifuged for a few moments As
this 1s a progiessive extraction great care must be taken to draw off as much
of the clear chloroform solution as possible after each extiaction, but under
no cucumstances must any of the emulsion be drawn off with the chloroform
layer  If care 15 taken not to draw off any of the emulsion, 1t 1s unnecessary
to wash the chloroform extiact

Transfer the combied chlorofoim extract to a porcelain dish, 11nsing the
container several times with a few cubic centimeters of chlorofoim, and
evaporate to diyness at 10om temperature in a currentof diyan (Seenote)
Dry the residue overnight (or until no odor of acetic acid can be detected 1n
case the product 18 a ketchup) 1n a sulphuric acad desiccator Dissolve the
residue of benzoic acid 1n neutral alecohol (30 to 50 cc ), add about one fomth
this volume of water, a drop or two of phenolphthalem solution, and titrate
with twentieth-normal sodium hydroxide, 1cc of twentieth-normal sodium
hydroxide = 0 0072 giram anhydious sodium benzoate

Note — Tf a blast 1s convenient, 1t 1s pieferable to eyapoyate the whole ex-
tract at room temperature For this purpose the following simple apparatus
may be used A wide-mouth salt bottle 1s fitted with a cork, a glass tube
extends through the center of the coik to the bottom of the bottle, and 1ts
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upper end 18 attached to the blast by a rubber tube As many other glass
tubes as convenient are passed thiough the coik around the central tifbe
These terminate just inside the cork, and outside the cork are bent outward
and downward at an angle of about 45°C  The bottle1s filled with calcium
chlorid and by this means a current of dry air can be delivered to the dish
containing the extract In the absence of a blast an electric fan may be used
for evaporating the extiact

If 1t 18 1mpracticable to evapoiate the chloroformm spontaneously or by
means of a blast 1t may be transferred from the separatory funnel to a 300-cc
Erlenmeyer flask, rinsing the separatory funnel three times with 5 or 10 cc
of chloroform Dastill very carefully to about one-fifth the o11ginal volume,
keeping the temperature down so that the chloroform comes over in drops,
not 1n a steady stieam Then tiansfer the extiact to a porcelain evaporating
dish, rinsing the flask three times with 5 ot 10cc portions of chloroform and
evaporate to dryness spontaneously

SACCHARIN

The usual method of testing for saccharin 1s to extract 1t by
means of ether, then convert 1t into sodium salicylate by heat-
g with sodium hydroxide, and finally apply the test for
salicylate. The sweet taste of the saccharin serves as a pie-
Iiminary test for 1ts presence 1n the ether extiact.

The recent ruling under the Federal Food and Drugs Act
against the presence of saccharin in foods adds greatly to the
significance of 1ts presence or absence. The analyst therefore
should not only follow the details of the official method with
care 1n order to avoid confusing saccharin with ¢ false saccharin”
or salicylic acid, but should also consult the original papers on
both saccharin and salicylic acid which are given in the refer-
ences at the end of this chapter.

The qualitative method and precautionary notes of the Asso-
ciation of Official Agricultural Chemists are as follows:

Extract with ether (after maceration and exhaustion with water, i1f nec-
essa1y), as described under salicylic acid  Allow the ether extract to evap-
orate spontaneously and note the taste of the residue The presence ot
saccharin to the amount of 20 g per liter 1s indicated by a sweet taste
This may be confirmed by heating with sodium hydroxide, as described
below, and detecting sthe salicylic acid formed thereby Results by this
method indicating the presence of a faint trace of saccharin 1n wines which
did not contain 1t have been frequently obtained, owing to the presence in
wine of so-called « false saccharin.”
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Acidify 50 cc of a hiquid food (or the aqueous extract of 50 grams of a
solad o1 semisolid, prepared as directed in the official method for salicyhe
acid as given above) and extract with ether. Test the extracted matter n
the usual way for salicylic acid, return the gasoline extract to the dish con-
taining the residue, dilute the whole to about 10 cc volume, and add 2 cc
of sulphuric acad (1 3) Bring the solution to the boiling point and add a
5 per cent solution of potassium permanganate, drop by diop, to slight
excess, partly cool the solution, dissolve 1 1t a piece of sodium hydroxide,
and filter the mixture into a silver dish (silver crucible hds are well
adapted to the purpose), evaporate to dryness and heat for 20 minutes at
210° to 215° C Dissolve the residue i water, acidify and extract with
ether, evaporate the ether, and test the residue with two drops of a 2 per
cent solution of ferric alum By this method all the so-called false saccharin
and the salicylic acid naturally present (also added salicylic acid when not
present 1n too large amount) are destroyed, while 5 mg of saccharm per
Inter 18 detected with certainty

BETA-NAPHTHOL!

Extract 200 cc of the sample (or of 1ts aqueous extract prepared as on
page 378) with 10 cc of chlorofoim 1n a separatory funnel, add a few drops
of alcoholic potash to the chloroform extract in a test tube, and place 1n a
boiling water bath for two miutes The presence of beta-naphthol 18
mdicated by the formation of a deep blue color, which changes through
green to yellow

ABRASTOL!

(Calcium a-mono-sulphonate of g-naphthol)

(@) Sunbaldy’s Method

Make 50 cc of the sample alkaline with a few diops of ammonium hy-
dioxide and extract with 10 cc of amyl alcohol (ethyl alcohol 18 added if an
emulsion 18 formed) Decant the amyl alcohol, filter 1f turbid, and evap-
orate to dryness Add to the residue 2 cc of a mixture of equal parts of
stiong nitric acid and watei, heat on the water bath until half of the water
18 evaporated, and transfer to a test tube with the addition of 1 cc. of water.
Add about 02 cc of ferrous sulphate and an excess of ammonium hydroxide,
drop by drop, with constant shaking If the resultant precipitate 1s of a
reddish color, dissolve 1t 1n a few drops of sulphuric acid, and add ferrous
sulphate and ammonium hydroxide as before As soon as a dark-colored
or greenish precipitate has been obtained, intioduce 5 cc of aleohol, dissolve
the precipitate 1n sulphuric acid, and shake the fluid well and filter In

1 The methods given are those adopted by the Assotiation of Official Agn-
cultural Chemists U S Dept Agriculture, Bur Chem , Bul 107, Revised.
2 Momteur scientifigue, 1893 (4), 7, 842
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the absence of abrastol this method gives a colorless or light yellow liquid,
while a red color 18 produced 1n the presence of 0 01 gram of abrastol

(b) Sanglé-Feriidre’s Method !

Boi1l 200 cc of the sample with 8 cc of concentrated hydrochloric acid
for one hour 1n a flask with a reflux coundenser attached Abiastol 1s thus
converted 1nto beta-naphthol and 1s detected as directed above

SUCROL OR DuLCIN 2
(para-phenetol carbamid)

(a) Morpurgo’s Method ®
Evaporate about 100 cc of the sample (or of the aqueous extract pre-
pared as directed on page 378) to a suupy consistency after the addition of
about 5 grams of lead carbonate, and extract the 1esidue several times with
alcohol of about 90 per cent, evaporate the alcohol extract to dryness,
extract the residue with ether, and allow the ether to evaporate sponta-
neously in a porcelamn dish  Add 2 o1 3 drops each of phenol and concen-
trated sulphuric acid and heat for about 5 minutes on the water bath, cool,
transfer to a test tube and pour ammonium hydioxide or sodium hydroxide

over the surface with the least possible mixing The presence of dulein 1s
indicated by formation of a blue zone at the plane of contact

(h) Jorwssen’s Method *

Suspend the residue fiom the ether extract obtained as directed above 1n
about 5 cc of water, add fiom 2 to 4 cc of an approximately 10 per cent
solution of mercuric nitiate, and heat from 5 to 10 minutes on the water
bath In the presence of suciol a violet-blue color 15 formed, which 1s
changed to a deep violet by the addition of lead peroxide

In the foregoing selection of methods for the detection of
food preservatives, preference has been given to those which
have been adopted by the Association of Official Agricultuial
Chemists, whose methods are usually accepted as standard in
questions relating to adulteration of food. Other methods,
however, should not be neglected. It 1s believed that the fol-
lowing references will put the reader in touch with the most
1mportant literature.

1 Comp rend , 1893,'117, 796

2 Method of the Association of Official Agricultural Chemists (loc cut ).

8 Z anal Chem , 1896, 35, 104
s Itud , p 628
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Acetone determination, 30

Acetylhizable impurities 1n glycerin, 283

Acetyl number, 144, 160

Acid, arachidic, 134, 179, 180, behenic,
134, benzoic, 385, 386, bone, 373,
374, butyrie, 133, 195, capne, 133,
195, caproic, 133, 195, capryhe,
133, 195, carnaubic, 134, 139,
cerotic, 135, clupanodome, 137,
dihydroxystearie, 137, 195, erucic
135, hypogeic, 135, isolinolenic,
137, lanoceric, 138, lauric, 134,
195, lignoceric, 134, hnoleic, 136,
hnolenie, 137, 139, linusic, 137,
melissic, 135, mynstic, 134, 195,
oleic, 135, 139, 195, 197, palmitic,
134, 195, phycetoleic, 135, rcino-
leic, 138, sativic, 137, steanec, 134,
195, sulphurous, 377 (See also
Acids)

Acid-albumin, 311

Acidity, degrees of, 147

Acidity of butter fat, 194, of glycerin,
278, of lubncating o1, 231, of
milk, (ref ) 367

Acid method for phosphorus, 304

Acid number, 147

Acds, fatty, 133, 138, 139, 167, 196,
fatty and resin, 271, 1in butter fat,
139, 195 (See also Acid )

Acree’s formaldehyde color
for proteins, (ref ) 331

Added water, detection of,
363, 364, (ref ) 366-368

Addition reactions of aldehydes, 35, of
formaldehyde, 44

m  vanilla

reaction

i mlk,

Adiabatic calorimeter, (ref) 264

Adulterants 1n oils, 174-185, 199-202,
206-210, 213-217

Albuminates, 311

Albuminoids, 308, 311

Albumns, 308, 310

Alcohol, 2, 31-33, absolute, 2, 32, 33,
aldehyde-free, 172, cetyl, 169,
denatured, 4, 32, 33, density of
solutions, 13, 15, 16, detection of,
5, 23, 32, 33, determination of, 6-24,
31-33, fusel o1l in, 28, 32, 33,
methyl alcohol 1n, 24, 32, 33, myn-

cyl, 169, octodecyl, 169, refer-
ences, 31-33, standards of punty,
290, USP,229

Alcohol-ether mixtures, analysis of,
(ref ) 32

Alcohols, 1, 31-33, 169 (See also
Alcohol )

Alcohol-soluble proteins, 308, 310

Alcoholysis of fatty substances, (ref)
172

Aldehydes, 34, 47, 48, 49, detection of,
34, determination of 1n aleocholic
liquors, (ref ) 32 (See also Ben-
zaldehyde, Formaldehyde, Vamlhn )

Alkah-albumin, 311

Alkali method for phosphorus,
for sulphur, 298

Alkalinity of vinegar ash, 123, 125, 126,
128

Allemn and Gaud reagent, 78

Allen method for peptic activity, 327,
for protein mitrogen, (ref) 330

Allihn method for dextrose, 107

Allhhn’s table for dextrose, 108

Allspice, starch content of, 112

Almond extract, determination of ben-
zaldehyde 1n, 46, 49

Almond o1l, 171

Almond shells, starch content of, 112

Alumina cream, 89

Aluminate 1n soap, 273

Ammoniacal silver mtrate test for
aldehydes, 34

Amy!l alcohol, 28, 32, 33

Amylases, 113-120, (ref ) 121-122

Angular rotation, 83

Apple vinegar, 123

303,

397
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Arabinosazbne, 62, 64

Arabinose, 50, 54, 63, 85 (See also
Pentosans, Pentoses )
Arachidic acid, 134, 179, 180, (ref)

199-201
Arachis o1l, 171, 179, 184, (ref ) 199-201
Arnold-Wedemeyer method for mtro-
gen, 289
Ash 1n butter, 186, 1n coal, 256, 264,
in gramn products, 337, 1n milk,
356, 357 , 1n sugar, 97 ,1n vinegar, 125
Asphaltic matter 1n oils, 222, 235, 238
Atwater calorimeter, 239
Azo-compounds, determination of nitro-
gen 1n, (ref ) 306

Balance, Westphal, 162

Balling hydrometer (‘‘spindle’’), 100

Bang method for reducing sugars,
(ref ) 86

Baobab oils, (ref ) 202

Bardach’s protein reaction, (ref ) 331

Barfoed’'s method for reducing sugars,
76

Barlow’s method for sulphur, 296

Bates polansccpe, (ref ) 86

Baudouin test, 181, 1influence of ran-
cidity on, (ref ) 202

Baumé hydrometer, 219

Baumé scale, 219

Beef tallow, 170

Beeswax, 170, (ref ) 173

Bects, determination of sugar in, 98

Behenic acid, 134

Bellier method for arachidic acid, 181

Benedict method for reducing sugars,
(ref ) 86

Benedict reagent, 78, (ref ) 86

Benzaldehyde, 46, 47, 49

Benzene, water 1n, (ref ) 238

Benzoate, detection and determination,
385, 386, (ref ) 393-395

Benzoic acid, detection and determina-
tion of, 385, 386, (ref) 391-395,
occurrence of, 1 cranbernes, (ref)
392, 395, standardization of calo-
rimeter by means of, 242, titration
of, 387, »s cinnamic acid 1n food
analysis, (ref ) 393

Berthelot bomb calorimeter, 239

Berthelot method for sulphur, 301

Beta-naphthol, 389

Bicarbonate, detection of, in milk, 365

Bisulphite reaction of aldehydes, 35

Biuret reaction, 313 ¢

Blarez method for fluonides, 375

Blasdale’s viscosity test, 183

Boiling point, determination of, 24

SUBJECT INDEX

Boiling pomnt method for alcohol, 22,

Bomb calorimeter, 239

Borates, 1n food, 373, (ref) 392-395,
1n soap, 273

Boric acid, detection and determination,
373-375, (ref ) 391-395, natural oc-
currence in foods, 375, (ref) 391-
3956

Boron 1n wines, (ref ) 394

Bran, starch content of, 112

British thermal unit, 241

Brix hydrometers (‘‘spindles’’), 100

Bromine substitution number, 207

Bromine water test for salicylic acd,
382

Brugelmann method for sulphur, 296

Buckwheat hulls, starch content of, 112

Burning oils, (ref) 236-237 (See also
Illuminating oils )

Burning point, 233

Butter, 185, acid content of, (ref ) 200,
analysis of, 186, detection of coco-
nut fat, 198, (ref ) 202, Dutch, (ref )
200, 202, 10dine number, (ref ) 200,
keeping quahties of, (ref) 200,
renovated, (ref) 200, standard,
185, substitutes, 197-202, synthetic
color 1n, (ref) 202, volatile acid
content, 195-197, (ref ) 200, water
content, 186-187, (ref) 201-202

Butter fat, analysis of, 188-194, com-
position of, 195-197, references,
199-202, relation of physical and
chemical characters, 196, separation
of acids mn, (ref ) 139, vanations in
propertics, 195

Butyrie acid, 133

Butyrn, 146

Butyro-refractometer, 165

Cacao butter, 170

Calcium acetate, 129

Calonfic power, 245, determination of,
239, estimated and determined 1n
wood, etc, 253, of coal, 257-265,
of fatty oils, 171, of fuel oils and
gasoline, 247, of organic compounds,
245, of petroleum oils, 248, rela-
tion to chemical composition, 257,
260

Calorimeter, adiabatic, (ref) 264, At-
water, 239, Berthelot, 239, Emer-
son, 239, Junker, 263, Mabhler,
239, radiation correction, 244, ref-
erences, 261-265

Calorimetry, 239-265

Cane, determination of sucrose in, 98

Cane sugar, see Sucrose
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Cane sugar factories, chemical control
of, (ref ) 104

Capric acid, 133, 195

Caproic acid, 133, 195

Caprylic acd, 133, 195

Carbohydrates (general), 50-57, be-
havior on oxidation, 58, detection
of, by Molisch reaction, 57, hy-
drolysis of, 60, 94, 106, 109, 110,
reactions with acids, 56, reactions
with hydrazines, 61, rotation of
polarized light, 78-85, separation
by pure yeasts, (ref ) 104, separation
in grain products, 340, specific ro-
tatory powers, 82-85

Carbonate, 1n glycerin, 278,
365, 1n soap, 273

Canus method, (ref ) 307

Carnauba wax, 170

Carnaubic acid, 134, (ref ) 139

Casein determination, (ref ) 368

Casein test for formaldehyde, 39

Castor o1l, 141, 142, 171

Cellulose, 53, 55, 61

Cercals, determination of starch in,
106, 110, 112, (ref) 121, loss of
phosphorus 1n ashing, (ref ) 307

Cereals, sce Grain products

Cerotic acid, 135

Cetyl alcohol, 169

Chilling point, 232

Chinese wood o1l, 204, (ref ) 217

Cholesterol, 169, (rcf) 200, separa-
tion from phytosterol, (ref ) 201

Cider, composition of, (ref) 132, de-
termination of benzoic acid 1n, 386

Cider vinegar, 123-126, (ref ) 132

Cinnamic acid, detection of,
393, 395

Citral, determination of, (ref ) 49

Clarnfication 1n sugar analysis, 79, 89,
90, 92, (ref) 105

Classon's method for sulphur, 296

Clerget method for sucrose, 94

Cleveland cup tester, 233

Cloud test, 232, (ref ) 236

Cloves, starch content of, 112

Clupanodome acid, 137

Coagulated proteins, 312

Coal, 254-265, accuracy in sampling,
(ref ) 263, Amencan, (ref) 262,
calorific power, 254-265, classifica-
tion, (ref ) 261, 262, composition 1n
relation to calonfic power, 254-260,
(ref ) 262-265, deterioration of sam-
ples, (ref) 263, gases occluded 1n,
(ref ) 264, influence of oxygen 1n, 254,
(ref ) 264, losses in storage, (ref)

in malk,

(ref )
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264, production of, 1n 1910, (ref ) 265,
proximate analysis, 256, purchase on
specifications, (ref ) 263-265, sam-
phing, (ref ) 263, 265, standard, for
gasmaking, (ref ) 264, sulphur deter-
mination, 257, volatile matter, 256,
(ref ) 263-265, weathering of, (ref)
263

Coals of Illinois, (ref ) 262

Coals of the United States, (ref ) 263

Coal tar ois, determination in other
ouls, (ref ) 236

Cocoa  products, determination
starch 1n, (ref) 121

Cocoa shells, starch content of, 112

Coconut fat, detection in butter, 198,
ethyl ester number, (ref ) 202

Coconut oil, 141, 170, detection of,
198, (ref ) 201-202, of high 1odine
value, (ref) 202 (See also Coco-
nut fat )

Codliver oil, 171, (ref ) 200-201

Coefficient of punty, see Quotient of
purnty

Cold test, 232, (ref) 236

Collagens, 311

Colophony, 170, (ref ) 215

Color reactions of protewns, 313-316

Colza o1, 171

Combustion, heat of, 168, 239, 245, (ref )
261-265

Compensator, 81

Compressed oxygen method for sulphur,
301

Condensation reactions of aldehydes,
42, 46, 48

Condensed milk, analysis of sweetened,

of

(ref ) 368

“Constants,” analytical, of ous, fats,
and waxes, 143, 170, 171, 176,
196

Copak o1, 178

Copper as protein precipitant, 317

Corn stover, starch content of, 112

Cottonseed meal, 1nfluence of feeding,
on fat, (ref ) 200

Cottonseed o1, 171, 177, 178, 184, 208,
(ref ) 199-202

Cottonseed stearn, 170

Coumarn, deternnnation 1n vanilla ex-
tract, (ref ) 49

Cream, 267, 268

Creosote, charactenstics of, (ref ) 217

Crismer's test, 194

Crude fiber, 327

Crude petroleum, 218, (ref ) 237
also Petroleum )

Cyamde method for formaldehyde, 44

(See
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Cyhnder oils, (ref ) 236
Cylhnder stock, 221

Defren’s method for reducing sugars, 74
Degrees of acidity (fats), 147
Denatured alcohol, 4

Density of alcohol solutions, 13, 15,
16, of sugar solutions, 100, of
water, 17

Detergents, see Soap

Dextnn, 53, 61, 85

Dextrose, 51, detection, 62-68, 77,

determination, 70, 74, 107, reducing
power, 69, 73, 75, rotating power,
84, 85, (ref ) 105

Diabetic foods, (ref ) 348

Diabetic sugar, 51 (See also Dex-
trose )

Diastase, see Amylases

Diastase method for determination of
starch, 110

Diastatic power,
122

Dichromate method for alcohol,
for glycerol, 284

Dichromate solution as light filter, 93

Dimitrobenzoate test for alcohol, 5

Dioxystearic acid, 137, 195

Diphenyl hydrazine as
sugars, 63

Dirt 1n milk, (ref ) 368

Disacchandes, 50, 51

Dastillation method for alcohol, 8,
gasoline, 249, for petroleum, 220

Dastilled vinegar, 124

Dryng oils, 203

Dry lead clanfication of sugar solutions,
90, (ref ) 104

Dulein, 390

Dulong’s formula, 252, 254

Dyer method for mtrogen, 291

113-120, (ref) 121-

23,

reagent for

for

Ebullioscope, 22

Edestin, 339

Edible oils and fats, 174

Elaidin test, 136

Elastins, 311

Emerson calorimeter, 239, (ref ) 263

Engler distillation test, 220

Engler flask, 220

Engler viscosimeter, 226, (ref ) 237, 238

Enzymes, amylolytic, 113-120, (ref)
121-122, proteolytic, 323-328, (ref )
329, 331-333

Erucic acid, 135 .

Eschka method for sulphur, 257

Essential oils, aldehydes and ketones 1n,
(ref ) 48, 49

SUBJECT INDEX

Ester number, 147

Esters, glyceryl, 143, 1 alcohqhe
lhquors, (ref) 32, 1n wood aleohol,
31, saponification data of, 146

Ether-alcohol mixture, analysis of, (ref )
32

Ether extract, see Fat

Ethvl ester number, (ref ) 202

Evaporation test for ois, 235

Factories, cane sugar, chemical control,
(ref ) 104

Fat, analysis, 143-217,
268, 335, 354, 358
Olive O1l, etc)

Fats, 140-217, acetyl number, 160,
alcohols of, 169, analytical methods,
143, analytical properties, 170, 171,
characteristics of amimal, 169, (ref)
172, 173, classification, 141, *‘‘con-
stants” of, 143, 170-171, edible,
174, heat of combustion, 168, 171,
index of refraction, 164, 170, 171,
176, 196, 211, 1o0dine number,
148-157, 170, 171, 176, 197, 211,
Maumené number, 157, 171, 176,
211, melting point, 144, 167, 170,
solubilities, 142, speufic gravity,
162, 170, 171

Fatty acids, 133-139, 167
Butter, Fats, etc)

Fatty and resin acids in soap, 269

Fatty oils 1n lubricants, 225

Fehling’s method for reducing sugars, 70

Fehling’s solution, 69, 70

Ferric acetate as protein precipitant, 317

Ferric chlonde tcst for sahcylic aad, 381

Fish hiver o1l, (ref ) 201

Fish o1l, 137, 139, 205, 208, 217

Fixed carbon 1n coal, 257

Flashing point, 233, (ref ) 237

Flour, analysisof, 334-340, composition
of, 344-346, starch content of, 112

Fluoborates, 376

Fluondes, 375, (ref ) 392-395

Fluorine, see Fluorides

Fluosilicates, 376

Folin's method for sulphur, (ref ) 307

Food preservatives, 369-395

Foods, see under names of individual
articles of food

Formaldehyde, 36, detection of, 38—40,
360-371, (ref) 391-395, deter-
mination, 4045, 48, 49, 371, (ref)
392, 393, influence of, on detection
of hydrogen peroxide in mulk, (ref)
393, occurrence 1n foods, (ref)
392-395

determination,

(See also Butter,

(See also
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Formic acid, detection and determina-

» tion1n foods, (ref ) 394-395

Friction tests on lubricants, 234, (ref)
237

Fructose, see Levulose

Fruit juices, (ref ) 395

Fruit sugar, see Levulose

Fuchsin test for aldehydes, 35

Fuels, 239-265 (See also Coal, etc)

Furfural, 32, 57

Fusel o011, 28, 32, 33

Galactans, 53, 59, 61

Galactosazone, 62, 64

Galactose, 51, 59, 62, 64, 84, 85

Gallic acid test for formaldehyde, 39

Gas-making, valuation of ois for,
(ref ) 236

Gasoline, 237, 247, 250

Gelatin, 311

Gerard reagent, 78

Ghiadin, 339, (ref ) 346-348

Globulins, 308, 310

Glucosazone, 62, 64-69

Glucose, sec Dextrose

Glucose vinegar, 124

Glutelins, 308

Glutenin, 339

Glycerides, 142-143  (Scec also Fats)

Glycerin, 276-287  (Sec also Glycerol )

Glycerol, 1, 140, 275, 283, determina-

tion by acetin method, 279, by
dichromate method, 284, 1n soap,
270, 287, significance 1n vinegar,
(ref ) 132

Glycervl esters, 143

Glycogen, 53, 54, 61, !5

Glycoproteins, 309, 312

Grain products, 334-348, analysis of,
334-342, composition, 344-346, defi-
mtions and standards, 343, diges-
tibility and nutntive value, 346,
references, 346-348

Grain vinegar, 124

Grape sugar, sec Dextrose

Grape vinegar, 123

Graphite, deflocculated, (ref ) 236

Gray’s method for crude petroleum, 221

Greases, lubricating, 235

Gunning method for mtrogen, 289, 291

Half-shade polanscope, 80, 81
Halogens, as protein precipitants, 316,
319, determination i1n orgamec sub-
stances, (ref ) 306
Halphen's reaction, 177, (ref ) 199-201
Hanus method for 10dine number, 153,
156
2p
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Heat capacity of calorimeter, 240

Heat coagulation of proteins, 316

Heat of combustion, 239-245, adiabatic
method, (ref) 263, of fats and
fatty oils, 168, 171, of fuels, 245-
265, of other orgamc substances,
(ref ) 261

Heavy distillate, 221

Heavy metals as protein precipiiants,
316

Hehner number, 144, 148, 191

Hemicellulose, 61

Hemoglobins, 309

Hemp o1, 171

Herzfeld’s method for reducing sugars,
96

Hexabromide test, 209, 214

Histones, 308

Homogemzed milk, (ref ) 367

Honey, (ref) 105

Hopkins distilling head, 292

Hubl number, 148, 156, 170, 171

Hydrazine reactions of sugars, 61

Hydrazones, determination of nitro-
gen 1n, (ref ) 306

Hydrochlonc-acid-casein test for for-
maldchyde, 39

Hydrogen peroxide, detection and de-
termination, 372, (ref) 391-393,
method for formaldehyde, 41

Hydrolysis of carbohydrates, 60

Hydrometer, Baume, 219

Hydrothermal equivalent of calorimeter,
241

Hydroxy acids, 137, 138, 161

Hypog=ic acid, 135

Ice cream, analysis of, (ref ) 367

Illummating ois, 218, 221, (ref) 236-
238

Immersion refractometer,
33

Immisecible solvents, 224

Imported sugars and molasses, testing
of, (ref ) 104

Index of refraction, 17-22,
(See also under Fats)

International methods, for oil testing,
(ref ) 237, for sugar analysis, 91

Invertase method for sucrose, (ref)
105

Invert sugar, 51, 85

Iodimetric method for formaldebyde,

17-21, 32,

164-166

40
Iodine numlifer, 148-157 (See also
Fats)

Iodoform test for alcohol, &
Isolinolenic acid, 137
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Japan wax, 170

Jodlbauer method for nitrogen, 290

Jorissen method for sucrol or dulcin,
390

Jonssen reaction for salicylic acid, 382

Junker gas calorimeter, (ref) 263

Kapok o1, 178, 202

Kendall method for reducing sugars,
(ref ) 86

Keratins, 311

Kjeldahl method for nitrogen,
295, 306-307

Kjeldahl-Wilfarth method, 289

Koettstorfer number, 144

288

Lactobiose, sce Lactose

Lactometer, 353

Lactosazone, 62, 64

Lactose, 51, 59, 61, 64, determination,
59, 70, 74, 361, hydrolysis of, 52,
104, rotating power, 84, 85, separa-
tion from maltose, (ref ) 103, solu-
bihty, 54, 55

Lanocenic acid, 138

Lard, 170, (ref) 199-202, effect of
feed upon propertics, (ref ) 202

Lard oil, 141, 171, 182, 184

Laurent polariscope, 80

Lauric acid, 134, 195

‘“‘Lead number” of maple products,
(ref ) 104

Lecithoproteins, 309

Legler’'s method for formaldehyde, 43

Lemon oils and extracts, determina-
tion of citral, (ref ) 49

Leucosin, 339

Levulinic acid reaction, 58

Levulose, 51, 84, 85, 103, 105

Lieben’s test for alcohol, 5

Liebermann-Storch reaction, 207

Liebig’s method for phosphorus, 303,
for sulphur, 296, 297

Light filter, 93

Laignites, 253, 262

Lignocenic acid, 134

Linoleic acid, 136

Linolein, 146

Linoleme acid, 137, 139

Linolenin, 146

Linseed meal, starch content of, 112

Linseed oil, 141, 171, 203, 205, (ref)
215-216, v»s paint as priming coat,
(ref ) 215

Lintner’'s method for digstatic power,
115, 121

Lintner’s scale, 115, 116.

Linusic acid, 137

SUBJECT INDEX

Low's test for bone acid, 374

Lubrnicants, 218, 222-235, (ref ) 236-238

Lubricating greases, see Lubricants

Lubricating oils, see Lubricants

Lux-Ruhemann test for saponifiable oil,
223

Mace, starch content of, 112

Magnesium mtrate method for phos-
phorus, 305

Mahler calorimeter, 239

Maize oil, 171, 182, 184, 199, 200, 204,
208

Malic acid 1in vinegar, 125 ‘

Malt extracts, 114, 115

Maltosazone, 62, 64

Maltose, 52, 60, 70, 74, 84-86, 104-105

Malt sugar, seec Maltose

Malt vinegar, 123

Mannose, 51, 85

Maple sugar, (ref ) 104

Maple sirup, (ref ) 104

Margarine, 197, 202

Marne ols, (ref) 215 (See also
Fish oils)
Maumené number, 144, 157, 159

(See also Fats )

Meat, determination of starch in, 112

Mehssic aad, 135

Melting points, 6, 40, 64, 134 135,
144, 167, 170, 180, 192, 193, 202

Menhaden o1, 171, 205

Metaformaldehyde, 37

Metaprotcins, 309, 311

Methyl alcohol, 24-26, 30-33

Methylene blue test for freshness of
mulk, (ref) 367

Methylene-di-B-Naphthol test for for-
maldehyde, 40

Methyl ester test for salicylic acid, 382

Methylphenylhydrazine as reagent for
sugars, 63

Mett’s method for proteolytic enzymes,
325, 331-332

Milk, 349-368, analysis of, 352-368,
composition of, 349 352, 366-368, con-
densed, (ref ) 368, detection of added
water, 363, 364, 366-368, of cane
sugar and calcium sucrate, (ref)
367-368, of heated, 367, of pre-
servatives 1, 365 (see also Food
preservatives), determination of
dirt, (ref ) 368, homogemzed, (ref)
367, preservation of, 352, 366, 367,
samplhng, 352, serum, 363, 366—
368, standards, 349, 364, 367,
watered, 363, 366368

Milk chocolate, (ref ) 104, 105, 367
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Milk sugar, see Lactose

Milk supply, (ref ) 366-368

Millon reaction, 315, 382

Mineral oil, 171, 206, 238, 263
also Lubricants, Petroleum )

Mixed oils, viscosity of, 229

Moisture determination, 1n butter, 186,

(Sec

in grain products, 335, i milk,
356, 1n sugar, 97

Molasses, (ref) 103-105, as fuel,
(ref ) 262

Molisch reaction for carbohydrates, 57

Monosaccharides, 50

Morley's alcohol table, (ref) 3

Morpurgo’s method for sucrol or dulein,
390

Mucic acaid method, 59

Multirotation, 79, 86

Mulliken’s test for alcohol, 5

Munson and Walker method for re-
ducing sugars, (ref ) 86

Mustard o, 171

Mutarotation, 79, 86

Muter’'s method for fatty acids, 136,
138

Mutton tallow, 170

Myricyl alcohol, 169

Myrnstic acid, 134, 1956

Naphtha, 221

Naphthalcne, 242

Neatsfoot o1, 171

Neumann’s method for phosphorus, 304

New method for diastatic power, 117—
120

New scale for diastatic power, 117-118

New York Board of Health lactometer,
354

New York Sugar Trade
(ref ) 105

Nitrates, in food, (ref) 393, i1n milk,
(ref ) 368, mnitrogen in presence of,
294

Nitric acid test for oils, 178

Nitrocompounds, 294

Nitrogen determination, 288-295, (ref )
306-307, error due to methane,
(ref ) 307 -

Nitrogen-free cxtract, 334

Nitrogenous extractives, 312

Nucleoproteins, 309, 312

Nutmeg, starch content of, 112

Laboratory,

Oatmeal, defimtion and standard, 343,
starch content of, 112 (For methods
of analysis sce Grain products )

Octodecy! alcohol, 169

O1l, almond, 171, arachis,

171, 179,
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184, (ref) 199-202, baobab, (ref)
199-202, castor, 142, 171, coconut,
170, 198, (ref ) 199-202, codhver,
171, (ref) 199-202, copac, 178,
corn, 171, 182, (ref ) 199-202, cot-
tonseed, 171, 177, 208, (ref ) 199—
202, fish, 17, 208, fish-hiver, 171, (ref )
199-202, groups, 141 hemp, 171,
Japanese sardine, 205, kapok, 178,
(ref ) 202, lard, 171, 182, 184, hn-
seed, 171, 203, (ref ) 214-217, maize,
171, 182, 184, 204, 208, (ref ) 199-
202, menhaden, 171, 205, 208,
mineral, 171, 206, 218-238, mx-
tures, 159, 213, 229, mustard, 171,
oleco, 171, 197, ohve, 171, 174-
185, (ref ) 199-202, palm, (ref)
199-202, peanut, see Arachis, poppy-
seed, 171, 182, 184, 204, rapeseed,
171, 184, (ref ) 199-202, rosin, 171,
207, salad, sece Olive, seal, 171,
sesame, 171, 181, 184, (ref) 199-
202, soy bean, 204, sperm, 171,
sunflower, 171, tung, 171, 204,
walnut, 204 (See also Oils)

O1l analysis, 140-185, 199-238

O1l coatings, preservative, for iron and
steel, (ref ) 215

Oils, acetyl number, 160, adulterants,
213 (sec also under individual oils) ,
altered by age or oxidation, 210,
analysis (sece O1l analysis) , analytical
properties, table, 170-171, blown,
168, bromine absorption, (ref)
215, classification, 141, commercial
value, 214, committee report on
method of analysis, (ref ) 173, dry-
ing, 141, 203-217, edible, 174-202,

fatty, 140-185, 199-217, 223-226,
fish, 139, 205, 1dentification of,
213, ndex of refraction, 164, 170-
171, 1odine number, 148-157, 170-
172, lubncating, 222-238, Mau-
mené number, 157, 171, ‘‘new con-

stant,” (ref ) 173, non-drying, 141,
ohve, from different countries, 175
176, oxidized, 210, (ref) 214-215,
prices, 214, refractometer readings,
164, 170-171, 172, 176, 211, salad,
172, 174, (see also Oil, olive), semi-
drying, 141, spectfic gravity, 162,
171, “unknown,” 213, unsaponi-
fiable matter, 169, 173, vegetable,
drying, 203, wviscosity, 168, 226-
231, (ref )236-238

Oleic acid, 135, 195, 197, manufacture
and examination of commeraal,
(ref ) 139.
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Olein, 146

Oleomarganne, 197

Oleo o1l, 170, 197

Olive o1l, 141, 171, 174-185, (ref ) 199—
202, 216

Optical activity, of carbohydrates, 78—
85, of osazones, 63-64, of sugars,
78-85, of vinegars, 125

Optical method for proteolytic enzymes,
(ref ) 332, 333

Organic compounds, composition and
calonfic power, 245

Osazones, 62-69, 306

Osborne’s method for sulphur, 299

Ost reagent, 78

Jstwald pyknometer, 11

Oxidation, of alcohols, 23, of carbohy-
drates, 58, of oils, 211

Jxygen calorimeter, 168

Jxygen method for sulphur, 301

Dxymethylene, 37

®aint, 203-205, 216, 217

Palmitic acid, 134, 173, 195

>almitin, 146, 173

2alm o1, 170, 200

2arabrombenzylhydrazide
for sugars, 63

araffin, 170

‘Paraffin base’ petroleum, 221

araffin oils, water 1n, (ref) 238

>araformaldehyde, 37

>araphenetol carbamid, 390

’avy’s reagent, 78

>eanut o, 171, 179

eat, (ref ) 263

>ensky-Martens o1l tester, 233

>entosans, 54-58, 61

’entoses, 50, 57, 58

>epper, starch content of, 112

’epsin, 324, (ref ) 331-333

’eptids, 310

’eptones, 310, 311

’etroleum, 218-238, 247-251

Yetroleum ouls, calorific powers, 248

Yetroleum production, (ref ) 238

*henylhydrazine method for benzalde-
hyde, 46

*hosphoproteins, 309, 312

*hosphorus determination, 303-307

*hosphotungstic acid as protein pre-
capitant, 320

*hycetoleic acid,’ 135

‘hytosterol, 162, 172, 183, 194, (ref)
200-201 L4

*hytosterylacetate test, 183, 194, (ref )
200-201

ieric acid as protemn precipitant, 322

as reagent

SUBJECT INDEX

Pine wood ouls, (ref ) 216

Platinum resistance thermometer, (ref »
263

Polanscope, 80-94

Polanscopic methods, 79-105

Polanzation, relation to sugar content,
94

Polarized hight, 78

Polenske method, 199, (ref ) 202

Polysaccharides, 50, 52

Poppyseed o1l, 171, 182, 184, 204, 215

Potassium cyamde method for formalde-
hyde, 44

Potatoes, determination of starch 1n,
1006, 112, (ref) 121

Preservative coatings
materials, (ref ) 216

Preservatives for food, see Food pre-
servatives

Proof spint, 3, 4

Protamines, 309

Proteans, 309

Proteases, 323, 329, 331-333

Proteins, 308-323, 329-331, coagulated,
310, conjugated, 309, denved, 309,
in grain products, 335, n mik, 369,
simple, 308

Proteolytic  enzymes,
333

Proteolytic power, 324 -329, 331-333

Proteoses, 310, 311

Pulfrich refractometer, 165

Purnty of sugar solutions, 100

Pyknometer, 11, 164

for structural

323-329, 331-

Quartz compensator, 81
Quartz wedges, 81

Quevenne lactometer, 353, 354
Quotient of purity, 100

Radiation correction, 244

Rafinose, 50, 52, 59, 61, 85, 104

Rancidity of butter fat, 194

Rapeseed o1l, 141, 171, 184, 202

Raw sugar, 87, 104

Rectafied spint, 4

Reducing sugars, 69, 85, 86, 96

Redwood viscosimeter, 227

Refraction, index of, 17-19, 32-33, 144,
164, 166, 170-171, 172, 176, 211

Refractometer, 17-19, 32-33,
364

Refractometric methods, 17-19, 32-33,
165, 364, 367-368

Regnault-Pfaundler cooling correction,
244

Regulations of international commission
on sugar analysis, 91

165,
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Reichert-Meissl (Reichert-Wollny) num-
ber, 144, 148, 188, 196, 200-202

R8nard-Tolman method for arachidic
acid, 179

Resin acids 1n soap, 271, 287

Resin and resin oil 1n hnseed o1l, 207

Resinous products in mineral oils, (ref )
237

Resorcin test for formaldehyde, 38

Ricinoleic acad, 138

Ricinolein, 146

Rose method for fluondes, 375

Rosin, 170, 207, 1n shellac, (ref) 215,
1 soaps, 271, (ref ) 287, 1n varnishes,
(ref ) 215, size, (ref ) 215

Rosin o1, 171, 207

Rotation and rotating power, 78-86

Rotation dispersion, 83

Rubber, determination of sulphur 1n,
(ref ) 307

Saccharimeter, 81, 82, observations,
unification of, 104
Saccharin, detection, 388, (ref) 391-

395, estimation in foods, 394
Saccharose, see Sucrose
Salad o1l, 174185, (ref ) 199-202
Sahicylic acid, 378-385, (ref) 391-395,
action of ferric chlonde on, (ref ) 391,
bromine water test, 382, detection,
378-385, (ref ) 393, 395, determina-
tion, 378-384, (ref ) 391-394, ferric

chlonnde test, delicacy, interpreta-
tion, 381, 1n pure wines, (ref)
391, 395, 1n strawberries, (vef)

391, in fruits, (ref ) 391, Jorissen
test, 382—383, methyl ester test, 382,
Millon’s reagent test, 383, reaction
with 1ron, (ref) 393, substances
mustaken for, in ferric chlonide test,
381, (ref ) 394, 395

Saliva method for determination of
starch, 110

Saltpeter, determination 1n meat, (ref)
395

Sanglé Fernidres method for abrastol,
390

Sapomfiable oil, test for, in lubricating
oll, 223

Sapomification, data on pure esters, 146,
equivalent, 146, number, 144, num-
ber of butter fat, 191, 196, num-
ber (table), 170-171

Sardine oil, Japanese, 205

Sativic acid, 137

Sauer’s method for sulphur, 296

Sausages, determination of starchin, 112

Seal o1l, 171

405

Sesame, meal, 1nfluence of feeding, on
fat, (ref) 200, o1, 171, 181, 184,
(ref ) 199-202

Shellac analysis, (ref ) 216, 217

Sidersky reagent, 78

Silicate 1n soap, 273

Sinibaldi’'s method for abrastol, 389

Sitosterol, 172

Skeletins, 311

Smith and Menzies' method for deter-
mination of boiling point, 24

Soap, 266-275, (ref) 286—287, alum-
nate 1n, 273, borate 1n, 273, car-
bonate 1n, 273, chlondes, 271, com-
mercial, analysis, 266, determina-
tion of water, 267, extraction with
aleohol, 272, fatty acid content,
(ref ) 287, fatty and resin acids,
269, 271, free alkalh or acid, 273,
glycerol 1n, 270, (ref ) 287, industry,
recent development, (ref) 287,
msoluble matter, 274, petroleum
ether extract, 268, residue 1nsoluble
1n alcohol, 273

Soaps, antiseptic value, (ref) 287,
commercial, composition, (ref ) 287,
free alkali, (ref ) 286, from different
glycenides, (ref) 287, germicidal
and 1nsecticidal values, (ref ) 287,
rosin 1n, 287, silicate, 273, soluble
fatty acids, 270, sigmficance 1n
disinfectants, (ref ) 287, total, free,
and carbonated alkali, (ref) 286,
287, sugar 1n, 270

Soldam reagent, 78

Solidifying points of fats, 167

Solids, of milk, calculation of, 355, of
milk, determination of, 356, of
vinegar, 124

Solution densities of sugars, (ref) 105

Sorensen’s method for proteolytic power,
(ref ) 332

Soxhlet lactometer, 353-354

Soy bean o1l, 204

Specific gravity, 11, 112, 133, 134, 162,
170-171, 176, 185, 191, 196, 353,
365

Specific refractive power, 211

Specific rotating (rotatory) power, 82,
83

Specific temperature reaction, 157 of
olive oils (table), 176

Spermacet:, 142, 170

Sperm oil, 142, 171

Spices, starch gontent of, 112

Spirit vinegar, 124

Spontaneous combustion, test for oils,
(ref ) 236
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Sprigg’s method for peptic activity,
(ref ) 331

Standard matenals for calorimeter, 241

Standards, alcohol, 2, 4, 29, 30, butter,
185, grain products, 343, milk,
364, ohwve oil, 177, vinegar, 123

Starch, 52, 61, soluble, 54, 55, 56,
content of foods and spices, 112,
determination of, 106-113, ¢ref)
121, determination in cocoa prod-
ucts, (ref) 121, determination 1n
potatoes, (ref ) 121, hydrolysis of,
by acd, 106, hydrolysis of, bv
enzymes, 110, 113-120, (ref) 121-
122, rotating power, 85, sugar, 51

Steam-refined cylinder stock, 221

Stearic acid, 134, 195, glycenides of,
(ref ) 173

Stearn, cottonseed, 170, manufacturc,
methods, (ref) 173, saponification
number, 146

Straw, starch content of, 112

Stutzer method for protein mitrogen,
(ref ) 329, reagent, 317

Sucrol, 390

Sucrose, 51, Clerget method for, 94,
combustion, 241, dctermanation by
use of invertase, (ref ) 105, determi-
nation 1n beets and cane, 98, deter-
mination 1n condensed mlk, (ref)
103, determination in milk, (ref)
367, 368, determination in molasses,
(ref ) 105, determination 1n presence
of commercial glucose (ref) 103,
hydrolysis, 60, hydrolysis, (ref ) 104,
rotating power, 84, 85, solubility in
alcohol, 55

Sugar, sce also Sucrose, analysis, 87,
beet, optically active non-sugars of,
(ref ) 105, beets, analysis of, 98,
(ref ) 104, 105, beets, see also Beets,
cane, determination of sucrose 1n,
98, 1n soap, 270, manufacture con-
trol, (ref ) 104, 105, mixtures, analy-
sis of, 101, 102, mixtures, analysis of,
(ref ), 85, 86, penodicals devoted
to, 103, solutions, density, and pu-
nty of, 100, vinegar, 124, 126, 127

Sugars, 50-105, behavior on oxidation,
58, toward caustic alkahes, (ref)
86, toward Fehling's solution, 69,
(ref) 86, toward hydrazines, 61,
estimation by means of refractom-
eter, 101, (ref) 104, 105, 1identifi-

cation, 101, oxidation of, (ref)
86, rotatory powers of, 84, 85,
‘“unknown,” 101 (See also Car-

bohydrates )

SUBJECT INDEX

Sulphite method for benzaldehyde, 46,
sodium, recoverable from food, (ref)
392 (See also Sulphites) .

Sulphites, determination in foods, (ref)
393, 1n gelatin, (ref) 392, 393,
394, 1n grecn corn, (ref) 393,
m lime juice, (ref) 394, 1n meat,
(ref ) 392, 395, 1n molasses, (ref)
394, 1n sugar products, (ref) 392
(See also Sulphurous acid )

Sulphur, 295-303, compounds, volatile
m meat and influence on detection
of added sulphites, (ref) 393, de-
termination, 295-303, (ref ) 306-307,
determination 1 petroleum, 237,
1n coal, 257, 262, 264

Sulphurous acid, 377, behavior 1n foods,
(ref ) 392, detection 1n foods, (ref)
391, detection, 377, disappcarance
when added to wine, (ref) 395,
organically combined 1n foods, (1ef )
391, quantitative estimation, 377

Sunflower o1l, 171

Suspended matter 1n oils, 235

Suzzi, notes on Maumené number, 160

Tallow, beef, 170, detection of lard,
(ref ) 201, group, 141, mutton, 170

Tan bark as boiler fuel, (ref ) 264

Tanmn, as protein precipitant, 321

Tar oils, (ref) 217

Temperature coefficients 1n polarization
of raw sugars, (ref ) 104

Thomas and Weber's method for pro-
teolytic power, (ref) 331

Titer test, 144, 167

Tocher’s test, 182

Tollen’s aldehyde reagent, 34, 35

Total solids, determination 1n milk, 356

Treasury Dept methods of sugar analy-
s18, (ref ) 104

Trnazo mtrogen, determination of, (ref )
307

Trichloracetic acid, as protemn precipi-
tant, 322

Triglycerides, 1n butter fat, 195, mixed,
143, smmple, 143

Trnoxy methylene, 37

Trsacchande, 50, 52

Tryptie activity, 325

Tryptophan reaction, 315

Tung o1l, 171, 204

Turmenic test for boric acid or borates,
374, Low’s modification, 374

Turpentine, (ref ) 215-216, adulterants,
(ref ) 215, 217, benzene 1n, (ref)
216, 217, commercial, of Umted
States, (ref ) 217, naphtha 1n, (ref )



SUBJECT INDEX

216, oils, analysis, (ref) 216, sub-
stitutes, (ref ) 215-217, wood, pro-
duction, etc, (ref ) 217

T'witchell’'s Method for fatty acids, 271

Unification, of methods for diastatic
power, 120, of reducing sugar
methods, (ref ) 85, of saccharimeter
observations, (ref ) 104

Unsaponifiable matter of fats and waxes,
169, (ref ) 173, 237

Unsaponifiable oils, determination of, 1n
lubricants, 224

Vanilla extract, analysis of, (ref ) 49

Vanillin, determination, 48, 49

Van Slyke’s method for analysis of
proteins, (ref ) 331

Vegetable drying oils, 03

Ventzke scale, 82, 88

Vinegar, 123-132, (1ef) 131, 132,
analyses of typieal, 126, determina-
tion of source, 124, glycerol con-
tent of, (ref) 132, identification of,
124, methods of analysis, 127,
standards, 123, 132

Viscosimeter, 226

Viscosity, 168, 226, (ref ) 236-238, of
fats, 144, of illummnating oils, (ref )
237, numbcrs, 184, test, Abraham’s
modification, 183, test, Blasdale’s,
183

Volatile matter, average relation to
calorific power (table), 260, 1n coke
and anthracite, (ref ) 264, of coal,
256

Volhard’s method for proteolytic power,
(ref ) 332

‘Walker’s rule, 246

Walnut, o1, 204, shells, starch content
of, 112

Washing powders,
erties, (ref ) 286.

disinfectant prop-
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Water determination, see Moisture

Water, equivalent of calorimeter, 241,
density of, 17, 1n butter, 186

Watering of milk, detection of, 363, 364

Wax, bees, 170, carnauba, 170, 173,
Japan, 170
Waxes, alcohols of, 169, analytical

propertics (table), 170-171, c(lassifi-
cation, 141, genaial methods, 140,
unsaponifiable matter of, 169

Welman’s reaction, (ref ) 201

Welter’s rule, 246

Westphal balance, 162

W hale o1l, 142, 171

‘Wheat, sce Grain products

Whisky, (ref ) 32, 33

Wys method and solution, 152, 156,
(ref ) 173

Wiley’'s method for melting point, 192,
202

Wilfarth method for mtrogen, 389

Wine vinegar, 123

Wohlgemuth’s method for diastatie

power, 116, (ref) 122, scale, 117,

(ref ) 122

Wood, calonfic power, 253, oi1l, Chinese,
204 oils, Phihppine, (ref), 215,
ultimate composition, 252, and

simlar fuels, 251

Wood alcohol, requirements for use in
denaturning, 30

Wright's factors for specific gravisy
calculations, 164

Xanthoproteic reaction, 315
Xylosazone, 62, 63 64

Xylose, 63, 85

Yeasts, pure, separation of carbo-
hydrates by, 104

Zeiss refractometer, 165
Zero-pomnt of polanscope, 80, 81, 87
Zanc sulphate, as protein precipitant, 316.
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Chemistry of Food and Nutrition

By HENRY C. SHERMAN, Pu D.

Professor in Columbia University

Cloth, 12mo, virr+ 355 pages, $1 50

The purpose of this volume 1s to present the principles of the
chemistry of food and nutrition with special reference to the
food requirements of man and the considerations which should
underlie our judgment of the nutritive values of food. The food
15 here considered chiefly in 1ts nutritive relations. It 1s hoped
that the more detailed description of individual foods and the
chemical and legal control of the food mndustry may be treated
1n a companion volume later

The present work 1s the outgrowth of several years’ experi-
ence 1n teaching the subject to collegiate and technical students
who have represented a considerable diversity of previous train-
ing and points of view, and, while published primanly to meet
the needs of the author’s classes, 1t 1s hoped that 1t may also be
of service to students and teachers elsewhere and to general
readers whose main interests may lie in other fields, but who
appreciate the importance of food and nutrition as factors in
hygiene and preventive medicine

While neither the size nor the purpose of this book would
permit an historical or technically critical treatment, a hmited
number of historical investigations and controverted views have
been mentioned 1n order to give an 1dea of the nature and
vahdity of the evidence on which our present beliefs are based,
and 1n some cases to put the reader on his guard against theories
which, while now outgrown, are still sometimes encountered.

THE MACMILLAN COMPANY
Publishers 64-66 Fifth Avenue New York



Introduction to General Science

By PERCY E. ROWELL, B.Sc.

Cloth 12mo 302 pages & 75

The 1ncreasing demand for a thorough, comprehensible, and practical
text-book on the subject 1s met by Rowell’s “ Introduction to General
Science,” the distinctive features of which are

1 The book gives a broad, adequate view of the general field of
science The elements of physics and chemistry receive particular em-
phasis, but biology, physiography, and several phases of applied science
are duly considered

2 Despite the necessity for treating various sciences, the book 1s re-
markable for its continuity of thought The interrelation of scientific
facts 1s constantly and clearly pointed out

3 The treatment 1s clear-cut, brisk, and thorough, the matenal well
chosen and up to date, while the general workmanship of the book
renders 1t attractive and serviceable

4 There are over go laboratory exercises 1n the book, a number of
them entirely new, and all of them 1llustrative of the text

Reference reading 1s encouraged, and hsts of carefully selected
standard reference books are suggested Those teachers, however, who
do not care to take up detailed work of this sort may give a satisfactory
course by using 1n connection with the book United States Government
bulletins alone, to which definite reference 1s made 1n the lists of refer-
ence readings throughout the book

TEACHERS

call the book ¢ thorough,” ¢ practical,” ¢ comprehensive,” “ clear,” « sat-
1sfactory,” ¢ a great aid to the science teacher ”

Mr N P. Lawson of Taunton, Washington, writes

“] have examined Rowell’s ¢ Introduction to General Science’ quite
carefully It wears The more I use it the better I ket There s
room left for the teacher He doesn’t have to crowd himself in This
book can hardly fail to innoculate any one with the builletin habit, n
which I am a firm believer In its encouragement of wide reading and
first-hand acquaintance with books through the excellent references
given, this compact little volume 1s an education 1n itself If I were
with your company I should wish to push this book I believe in 1t.”

THE MACMILLAN COMPANY
Publishers 64-66 Fifth Avenue New York



The Elements of Physical Chemistry

By HARRY C. JONES

Revised Edition, Svo $400

“This new and enlarged edition of Professor Jones’s well-
known textbook will be welcomed by teachers and students of
physical chemistry This edition has been extensively re-
vised, contains a large amount of new matter, and 1s a satisfac-
tory realization of the author’s aim, as stated in the preface, to
bring the book up to date The volume has been increased 1n
size by 85 pages, but the space devoted to new matenal 1s
somewhat greater than this, a result made possible by judicious
omissions  Subjects newly or more fully treated include J J
Thomson’s electron theory, radio-activity, the work of Morse,
and of Lord Berkeley and E G ] Hartley on the direct meas-
urement of osmotic pressure, colloidal suspensions, hydrolytic
dissociation, conductivity of fused salts, dissociation m non-
aqueous solvents, catalysis; the author’s hydrate theory,
researches of the author and co-workers on conductivity and
viscosity in mixed solvents ” — American Chemical Journal.

“The brief, but carefully prepared, historical sketches, intro-
ducing many of the chapters, as, for instance, the one on
¢ Chemical Dynamics and Equilibrium,” and the great number
of references to original papers form excellent features of the
book  The marked enthusiasm with which the author writes as
a worker 1n the field 1s bound to interest the student in the sub-
ject as a hving one, with many vital problems yet to be solved ’

—Journal of the American Chemical Society.

THE MACMILLAN COMPANY
Publishers 64-66 Fi1fth Avenue New York



CHEMISTRY

By WILLIAM CONGER MORGAN, Pu.D. (Yale)

Assistant Professor of Chemistry in the University of California

AND

JAMES A. LYMAN, PuD (Johns Hopkins)

Professor of Chemistry in Pomona College
Cloth 12mo 429 pages $1 25

The characteristic feature of this new book on chemstry 1s the
success with which the facts of every-day hfe have been utihzed
and made an essential part of chemical science The treatment
and arrangement of material are sane, scientific, and up to date.

“The book endeavors to encourage the student to think mduc-
tively. His attention 1s first directed to certain experimental facts ,
the general experience of the race along similar lines 1s then called
to mind and the formulation of the law 1s the last point in the de-
velopment. To use the deductive method n the presentation of
scientific truths which have been denived inductively, 15 to fail to
present the correct 1dea of the scientific method, a proper appre-
ciation of which will be of as great value as anything that may be
denived from the study of science ”

TEACHERS PRAISE THE BOOK

D. N. Crosthwait, A M, Teacher of Chemistry, Lincoln High
School, Kansas City, Missouri.

“ Morgan and Lyman have succeeded 1 wnting a very dehght-
ful and teachable chemistry. The beauty of 1t 1s, 1t seems vitally
to articulate with the great industries of our times.”

THE MACMILLAN COMPANY
Publishers 64-66 Fifth Avenue New York



Applied Electrochemistry

By M. DE KAY THOMPSON, Pa D

Assistant Professor of Electrochemistry in the Massachusetts Institute of Technology

Cloth, 8vo, 329 pages, index, $2 1o

This book was written to supply a need felt by the author in
giving a course of lectures on Applied Electrochemistry in the
Massachusetts Instutute of Technology There has been no
work 1n English covering this whole field, and students had
either to rely on notes or refer to the sources from which this
book 1s compiled Neither of these methods of study is satis-
factory, for notes cannot be well taken 1n a subject where 1llus-
trations are as important as they are here, and 1n going to the
original sources too much time 1s required to sift out the essen-
tial part It s believed that, by collecting in a single volume
the material that would be comnrised in a course aiming to give
an account of the most important electrochemical industries, as
well as the principal applications of electrochemistry in the
laboratory, 1t will be possible to teach the subject much more
satisfactorily.

The plan adopted 1n this book has been to discuss each sub-
ject from the theoretical and from the technical point of view
separately. In the theoretical part a knowledge of theoretical
chemistry 1s assumed

Full references to the original sources have been made, so
that every statement can be easily verified. It 1s thought that
this will make this volume useful also as a reference book.

An appendix has been added, containing the more important
constants that are needed 1n electrochemical calculations.

THE MACMILLAN COMPANY

Publishers 64-66 Fifth Avenue New York



MAX LE BLANC’S

Text-Book of Electrochemustry
Cloth Svo B2 6o

Translated from the Fourth German Edition by Willis R, Whitney

Professor Le Blanc’s treatment covers electrical conductance, electro-
motive force, electrolysis, and polarization He descpibes solvents
that possess power of causing transformation of energy nto equiva-
lents Ile discusses the theory of “electrolytic dissociation” which
prevents the neutrahzation of positively and negatively charged sub-
stances  lhe book closes with a chapter on storage cells, or the ar-
rangements by which electrical energy can be accumulated and stored
as chemical energy

“The last word to date on the subject of electrochemistry ” —
Education

“A rehable and representative statement of modern theory in
such form as to make the theory applicable to the needs of the re-
search chemist for industrial ends ” — Alectrockhemical and Metallus -
gical Industry

“The English 1s above critiusm and the presentation 1s lucid and
comprehensible to the last degree  There 1s nowhere the shghtest
chance for misunderstanding the writer’s 1deas As a presenta-
tion of the fundamental facts and prevalent theories of electrochemis-
try the work 1s probably without an equal, certainly without a superior
As prices go the book 1s much cheaper than usual —an additional
recommendation >’ — Sczence

FRANK HALL THORP’S

Outlines of Industrial Chemistry
New Edition, fully revised  Cloth, Svo, 33 75

This book 15 designed as a text-book for students who have had a
good preliminary traming 1n general chemistry, both morganic and
organic, and who desire to become famihar with the processes em-
ployed in the manufacture of the more 1mmportant commeraal prod-
ucts Valuable features are the references to periodicals and the
bibliographical lists after each section

1 feel no hesitation 1n saying that 1t 1s the best book for the purpose
intended that 1t has been my good fortune to examine It fills a very
great need for a compact text-book 1n technological chemistry, and 1
am sure 1ts use will be extensive It reaches the standard of Dr
Thorp’s usual excellent work 1n chcmistry ” — Professor CHARLES
BASKERVILLE, Unwversity of North (arolina.
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THE MACMILLAN COMPANY

64-46 Fifth Avenue, New York
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