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PREFACE.

The choice of the various analytical procedures given in this
short manual is founded on my experience with the analysis of
a large number of rocks and minerals. As indeed all substances
under investigation in scientific and industrial research have
their final origin in the earth’s crust and as the presentation of
the methods is so made as to include the analysis of the majority
of other materials also, I venture to hope that this selection may
be of use to students of analytical chemistry.

With regard to the choice of the methods here described, I
wish to remark, that in some cases — though there is perhaps
little or no preference for any particular one of two or more
available methods — not all of these have been given to avoid
overburdening the book. I have tried to mention methods which
will most likely be applicable in the analysis of substances of
widely differing composition whilst excluding those of more
restricted importance. It need not be said that in particular cases
viz. rapid analysis or simultaneous analysis of a large number
. of similar samples, in short for routine work, other procedures
especially of a titrimetric nature may advantageously be used.
These procedures are ordinarily known to the chemist working
in industrial and commercial laboratories and may be found in
the special literature on the subject. For convenience I have
prepared a section with references to important citations in the
text and an index which will I hope facilitate the choice of the
analytical procedure to be employed. I shall feel under obligation
if my attention is called to new methods or to improvements in
the methods described.

I am indebted to Dr. L. C. JacksoN of the Department of
Physics, University of Bristol and to Mr. R. WarpeLL, Utrecht,
who kindly revised the English MS. *). Mr. WARDELL also assisted
with the reading of the proofs. Lastly to D. B. Centen’s Urr-
GEVERS-MAATSCHAPPIS who made possible the publication of this
book.

Utrecht, Mineralogical-Geological Institute of the
State University.
October, 1936.

*) Dr. Jackson: p. 1—166.
Mr. Wardell: p. 167—236.






DIVISION OF THIS BOOK.

After the introduction there follows a description of common
operations; then, complete procedures for the analysis of many
natural substances are given under the following headings:
1. silicates, 2. other salts, 3. ores. In case of doubt concerning
these three groups, the required information can be found in
the index at the back of the book. Information is also given
regarding the methods of analysis for any special element.

The references cited in the text are enumerated in a separate
section at the end of the book. The reagents and solutions
‘equired for the methods described in this manual are listed
in alphabetical order, the same with the necessary apparatus.
This division has been purposely chosen, that the student may
do all the preliminary work, viz. reading the whole description,
‘when necessary, consulting the cited references, preparing the
required solutions and apparatus before starting the analysis,
‘hus avoiding many operative errors.
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INTRODUCTION.

The division of this book is in harmony with the large
geochemical unities of the earth and is consequently, strictly
natural: elements behaving similarly in nature will most likely
do the same in the laboratory.

Modern geochemical views are given in a condensed form in
figures 1 and 2 and table I. Fig. 1 demonstrates the different
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layers in the earth, nickel-iron-
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core, sulphide-oxide-layer, eclo-
gite layer (consisting of basic
silicates with varying masses of
sulphides and oxides), outer
shell of less dense silicates,
hydrosphere and atmosphere.

o

These large subdivisions origi-
nated in a natural way in con-
sequence of the amounts of the
quantitatively most important
elements, their chemical affini-
ties and the action of the gravi-
tational field. The minor ele-
ments are distributed over these
layers according to their chemi-
cal affinities; this is expressed
in table I. The weathering of the
surface brought about the appearance of sedimentary rocks.
Decomposition of silicates leads to sedimentation of difficultly
soluble products (quartz, sesqui-oxides and clay-minerals) in situ
or by mechanical transport, calcium and part of the magnesium
are deposited mainly through biological action in the form of
carbonate rocks and sometimes the more soluble salts are
concentrated in the form of salt-beds (rest of calcium and mag-
nesium, sodium and potassium with anions). This behaviour of

- NICK(L "QO" CORE.
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Fig. 1.
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IoNIC-POTENTIAL 3

the elements in consequence of their ionic-potential is sketched
in fig. 2.1)

The differentiation and crystallisation of magmas is accom-
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panied by the segregration of relatively small amounts of ores
(oxides and sulphides of heavy metals). These are concentrated
in lodes and veins and furnish the raw-materials for metal-
lurgical processes.



4 Di1vISION OF THE BOOK

This book therefore treats the subject under the following

groups:

Silicate rocks and
minerals
Soils

Sedimentary rocks:

1. quartz rocks,

2. clay-matter,

3. Fe-hydroxides,
4. Al-hydroxides,
5. carbonate rocks.

Natural minerals Salt deposits and
and rocks mineral waters:

. carbonates,

. sulphates,

. phosphates,

. halogen-sallts,

. borates,

. nitrates,

SO U N

. iodates, chlorates,

ceramic raw-materials and
products, building materials,
cements, glasses, slags, coal-
and plant-ash, etc.

ceramic raw-materials and

products, building materials,
cements.

artificial manures, etc.

perchlorates,

8. mineral waters.

Ore minerals:
1. oxides,

2. sulphides.

3. arsenic- and

antimony-compounds.

Organic minerals
and rocks

alloys.
stones.

Every group of natural minerals is followed by the artificial
products similar in composition and these may be analysed con-
sequently by the same methods. Ordinarily the natural products
are much more complex, but some modern technical products,
especially alloys, equal them in this respect.

In general a complete analysis consists of the following parts:
1. Devising a scheme for the analysis,

2. Preparation of the sample,
3. Execution of the analysis,

4. Calculation and discussion of the results.



QUALITATIVE ANALYSIS 5

These parts will be considered separately:
1. DEVISING A SCHEME FOR THE ANALYSIS.

The analysis of a substance containing a large number of
elements is often a problem of great complexity. Due care should
be taken, to plan an effective scheme for the execution of the
analysis, thus avoiding unexpected complications of the work
and finally saving much time. Even this complexity of many
materials to be examined, suggests the application of gravimetric
processes, as the precipitates, after having been weighed, can
be easily inspected for contamination by foreign matter.

This part of the investigation already requires a knowledge
of the constituents present in the substance. Even if not all of
these are to be determined, the knowledge of the qualitative
composition is indispensable to prevent any undesired consti-
tuent interfering with the determinations of the other elements.
Some idea of the amounts of each element to be expected will
also be very useful.

There are various ways of attacking this problem; which of
these is to be applied depends largely on the nature of the
material. In most technical examinations e.g. of alloys etc., the
components are known and further search is not needed at all.
To a certain degree this can also be said of rocks. In all other
cases a qualitative examination should be made, to permit of
planning a proper scheme for the quantitative analysis.

This part of the investigation may be made according to the
well known principles of qualitative analysis and then prefe-
rably by microchemical or drop-reactions. 12)

The spectrographic method is also capable of very general
application. In one or two exposures one can easily get a review
of all the metals and some of the non-metals present and rather
definite statements as to the amount of each element can be
made. For further particulars the literature on spectrum analy-
sis should be consulted. 2) In my opinion this method will gain
more and more interest compared with the other methods of
inorganic qualitative analysis.

In mineralogical researches some methods find application
which may also be of value for chemists. Opaque minerals
(ores, etc.) can easily be determined by blow-pipe methods. 3)
The methods of ore-microscopy of a metallographic nature

2

“~



6 MINERALOGICAL CONSIDERATIONS

(examination with polarized light from polished surfaces)
receive much attention nowadays and permit the detection
of a certain mineral even if it is present in a very small
amount.

The work is rather simple but one should have considerable
experience with all the minerals in question and this method
is likely to remain the territory of specialised mineralogists. 4)
Both these methods are succesfully applicable only to ores, the
blow-pipe method also to several other groups of minerals but
never to silicates. In general the non-opaque minerals are
determined most conveniently by microscopical methods; the
crystal-optical properties are examined and with a determina-
tion-table the mineral name is found. 5)

These mineralogical methods give valuable information about
the minerals present, but in general the chemical composition
cannot be computed from these data, most minerals having a
considerable range of variation owing chiefly to isomorphous
substitutions. Nevertheless it is very useful to have these parti-
culars at one’s disposal in planning the scheme for an analysis
as they determine which elements should be looked for and to
what amount each is to be expected.

It is the principle of isomorphism which governs the sub-
stitution of some elements by others in crystals. V. M. GoLp-
scHMIDT has demonstrated in a number of extremely interesting
publications on geochemistry that isomorphous substitution is
related to the space required by an element in the crystal-
lattice: "Der Krystall wigt seine Bestandteile nicht, sondern
ordnet sie nach ihrem Raumbedarf”. This proved to be the key,
not only for the solution of a number of problems in geoche-
mistry; analysis as well already profited much from these views.
The main constituents of a given mineral being known from
earlier analyses, 6) these considerations fix our attention on
minor constituents which should be determined, whilst another
important result is, that we are now able to predict elements
that are likely to be co-precipitated with other elements. So an
enquiry in manuals on mineral chemistry for the elements which
have already been found in minerals is best followed by a con-
sideration of the hitherto unreported elements. It is for this
purpose that fig. 3 has been prepared. *) This figure shows the

*) NH,+ = 143 A. Z.A. = Rare Earths.
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Fig. 3. Apparent Radii of Atoms and Ions in Crystals
according to V. M. Goldschmidt.



8 DEVISING A SCHEME FOR THE ANALYSIS

apparent atom- and ion-radii according to GOLDSCHMIDT. 7)
If other circumstances are equally favourable, isomorphous
substitution may be expected for particles lying close to a hori-
zontal line; e.g.: Li — Mg, Na — Ca, Ca — Y; Mn — Fe — Co —Ni,
Ru — Rh — Pd — Os — Ir — Pt, the rare earth metals mutually;
Ag — Au, Hf — Zr, etc. etc. For the evident regularities in these
combinations and their explanation I refer to the cited literature
on geochemistry. By spectrographic methods a large number of
elements illustrating these cases were detected in various mine-
rals. Useful information on this subject is enumerated in a
publication by A. A. Fircs. 8) Later publications by GoLDSCHMIDT
and his co-workers are to be found especially in the "Nachrich-
ten von der Gesellschaft der Wissenschaften zu Gottingen”
(1930—1936).

If the analyst is guided by these considerations it is improbable
that he will overlook important constituents. It is still better to
test the material by spectroanalytical methods before starting
a chemical analysis, but this will not always be possible. The
spectrograph registers even traces of elements independent of
the fact whether a certain element is suspected or wholely out
of mind. Careful examination of the photograph reveals at once
the presence of an element without special effort and without
anticipation.

The presence of all the elements to be taken into account being
known, the scheme for the analysis is to be devized. This is
principally a problem of insight and “feeling” but also neces-
sitates a knowledge of available procedures for the determina-
tion of the elements and all this will come only with experience.
It is safe to plot the scheme in a diagram, as this gives a better
general view and reveals possibilities and defects at once. The
behaviour of the elements in the scheme under the various
intended operations is to be considered and possible interferen-
ces are to be prevented. After some experience this part of the
work will not cause unsurmountable difficulties, but it should
always be done with painstaking care.

2. PREPARATION OF THE SAMPLE.

The value of an analysis depends almost as much upon the
choice and preparation of the sample as on the carrying out of



PREPARATION OF THE SAMPLE 9

the analytical operations. With regard to the choice it need only
be remarked, that the sample should be representative of the
whole mass whose properties are to be discussed from the
results. For homogeneous substances just enough material to
carry out the analysis, with the addition of a small surplus to
be safe in case some operation has to be repeated, will be suffi-
cient. Heterogeneous materials require more care in every
respect. The mass to be taken is left to the judgment of the
analyst; when necessary the material is reduced to smaller
fragments and intimately mixed. By quartering or similar ope-
rations, the sometimes very large quantities are lessened until
a convenient amount is reached. Oxidized or weathered parts
are to be discarded or reserved for separate examination and
should never be allowed to mix with fresh parts in one sample.
The last treatment of the sample to make it fine enough for
attack by fluxes or solvents depends on the nature of the
substance and is consequently dealt with in the following chap-
ters. Great care should be taken during this work to prevent
contamination by foreign matter.

4, CaALCULATION AND DiscussioN oF THE RESULTS.

For this part of the work we discriminate between very
accurate analyses or fundamental calculations, general analytical
work and technical analyses. Table II *) gives for every element
first the international atomic weight, in the next column the
“atomic weights in air” rounded off to 0.01 % 9), further the
atomic weight rounded off to 0.1 %. 10)

The use of ”atomic weights in air” prevents the necessity of
applying a correction for buoyancy and was strongly advocated
by ScroorL. Except for particularly exact work atomic weights
rounded off to 0.1 % will serve as well, and for a large number
of technical analyses the application of the still more rounded
off values is quite satisfactory. For convenience, a table of
factors is added to the book (table III). **) All the data in tables
II and III are based upon the latest procurable in Spring
1936,11). The calculations can be made with the aid of logarithms.
For most analyses a slide-rule serves equally well, as indeed the

*) p. 12—13. **) p. 237.




10 ALLOWABLE ERRORS

accuracy, attained with a 10 inch rule, is astonishing good.
(The now cheap calculating-machines are very convenient and
for stating analyses with a great number of constituents, regis-
tering listing-adding machines in combination with a stamp of
the same interlinear space are valuable.

Discussion of the results is rather difficult from the chemical
point of view exclusively. The requirement that the sum of the
analysis ought to be very near to 100 % is necessary but not
convincing evidence that the analysis is accurate. This subject
is treated to some extent especially by HiLLEBRAND and WASHING-
TON. 12) The average value of the sums of a large number of
analyses was determined to be 100.12 %. This shows the ten-
dency in complex analyses to yield slightly high results, due to
small impurities in the reagents and attack of the apparatus
besides a quantity of dust, which cannot be excluded even in
very clean laboratories. So it will be understood that the allo-
wable limit on the high side is somewhat greater, than that on
the low one and that if in a series of similar analyses the sums
are all low, this is strong evidence that some constituent has
been overlooked. This speaks for placing the upper and lower
limit at 100.50 and 99.75 % respectively. The allowable error is
tc be distributed equably over all the constituents. So the deter-
mination of an element which is present to some sixty percent
should give values deviating not more than 0.25 % from the true
value and consequently the extreme admissible difference in
duplicate analyses will be 0.50 %. But owing to the fact that the
absolute accuracy in gravimetric analysis is almost independent
of the concentration, whilst the relative accuracy diminishes
rapidly with the amount to be determined it is better, to allow
for a larger error in the minor constituents at the expense of
those present in large amounts. Finally in every case the per-
missible error for particular constituents and total sum is largely
dependent on all the circumstances affecting the analysis and
should be the subject of separate consideration.

As already stated, a satisfactory sum does not prove the ana-
lysis to be correct. In a defective analysis compensation of errors
is possible, or a constituent may be weighed in the precipitate
from another element, and in both these cases it is possible that
the errors, though sometimes very bad, will not affect the sum.
For example if titanium is not determined, it cannot be reported.
whilst, according to the analytical procedure chosen, silicon and
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iron or silicon and aluminium may give too high results. As
titanium is present in a large number of substances in amounts
from 0.5—5 %, on an average 1 % and its presence may be of
considerable and disadvantageous influence on certain properties,
non-determination of it is often a serious error.

Accordance of duplicate analyses also does not prove that the
reported percentages represent the correct values, unless the
methods whereby these results were obtained are entirely diffe-
rent. Otherwise a systematic error may be introduced that
cannot be detected at all.

Generally all these faults are recognized easily by testing the
various precipitates, obtained in the course of the analysis, quan-
titatively or qualitatively. The best remedy to avoid them, is
repeated precipitations, this being a very effective way of
cleaning precipitates from foreign substances.

The results are to be reported in a logical order of succession
in exactly the amounts found in the analysis. Any recalculation,
if necessary for comparison-purposes, should be stated in direct
connection with the results originally found.

Sometimes other evidence will be of use in the discussion of
the results. In analyses of minerals and rocks, a competent
petrographer may give most valuable information on this subject.
Quantitative determinations by micrometric measurements with
such instruments as Integration-stages give the percentages by
volume of a given aggregrate of minerals. 13) Separation by
heavy liquids will be mentioned under the heading mineral-
analysis. All these and similar methods however are mere con-
firmations of results, otherwise obtained and by no means
would they be able to replace chemical analyses. But it is pos-
sible that they may reveal at once obvious mistakes in the
determination of some constituent and may afford (e.g. in the
case of zirconia, phosphorus, rare earths etc.) more sensitive,
rapid and convenient indications for the presence of an element
than qualitative chemical analysis.



12 ATtomic WEIGHTS. 1936

Table II.
ATOMIC WEIGHTS. 11)

Symbol Nr. E'lement International Atomic Weight Atomic Weight Symbol.

Atomic Weight in Air. rounded off

Ag 47 Silver 107.880 107.88 107.9 Ag
Al 13 Aluminium 26.97 26.96 26.96 Al
As 33 Arsenic 7491 74.90 749 As
Au 79 Gold 197.2 197.2 197.2 Au
B 5 Boron 10.82 10.81 108 B

Ba 56 Barium 137.36 137.36 137.36 Ba
Be 4 Beryllium 9.02 9.02 9.0 Be

(Glucinum)

Bi 83 Bismuth 209.00 209.01 209.0 Bi
Br 35 Bromine 79.916 79.90 799 Br
C 6 Carbon 12.00(5) 11.999 12.0 C

Ca 20 Calcium 40.08 40.07 40.1 Ca
Cb 41 Columbium 92.909 92.90 929 Cb
(Nb) (Niobium) (Nb)
Cd 48 Cadmium 11241 11241 1124 Cd
Ce 58 Cerium 140.13 140.13 140.1 Ce
Cl 17 Chlorine 35.457 35.444 35.44 Cl
Co 27 Cobalt 58.94 58.94 58.9 Co
Cr 24 Chromium 52.01 52.01 52.0 Cr
Cs 55 Cesium 13291 132.85 13285 Cs
Cu 29 Copper 63.57 63.57 63.6 Cu
F 9 Fluorine 19.000 18.99 19.0 F

Fe 26 Iron 55.84 55.84 55.84 Fe
Ga 31 Gallium 69.72 69.72 69.7 Ga
Ge 32 Germanium 72.60 72,59 72.6 Ge
i3 1 Hydrogen 1.0078 1.001 1.0 H

Hf 72 Hafnium 178.6 178.6 178.6 Hf
Hg 80 Mercury 200.61 200.62 200.6 Hg
I 53 Iodine 126.92 126.90 126.9 I

In 49 Indium 114.76 114.76 114.7 In
Ir 77 Iridium 193.1 193.1 193.1 Ir
K 19 Potassium  39.096 39.08 39.1 K

La 57 Lanthanum 13892 138.92 138.9 La
Li 3 Lithium 6.940 6.94 6.94 Li
Mg 12 Magnesium 24.32 2432 243 Mg
Mn 25 Manganese 54.93 5493 54.9 Mn

The atomic weights in air are valid for 760 mm Hg, when brass gram
weights and smaller weights of nickel are used. As the atomic volumes are
not additive for the alkalies and earth alkalies, their atomic weights in air
have been computed from the values found for their compounds.
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Table II.
ATOMIC WEIGHTS. 11)

Symbol Nr. Element International Atomic Weight Atomic Weight Symbol.

Atomic Weight in Air. rounded off
Mo 42 Molybdenum 96.0 96.0 96.0 Mo
N 7 Nitrogen 14.008 14.00 14.0 N
Na 11 Sodium 22.997 22.99 23.0 Na
Nb 41 Niobium 9291 92.90 929 Nb
(Cb) (Columbium) (Cb)
Ni 28 Nickel 58.69 58.69 58.7 Ni
NH, — Ammonium 18.039 18.02 18.¢ NH,
o 8 Oxygen 16.0000 15.995 16.0 0
Os 76 Osmium 191.5 1915 1915 Os
P 15 Phosphorus 31.02 31.00 31.0 P
Pb 82 Lead 207.22 207.23 207.2 Pb
Pd 46 Palladium 106.7 106.7 106.7 Pd
Pt 78 Platinum  195.23 195.24 195.24 Pt
Rb 37 Rubidium  85.44 85.43 85.4 Rb
Re 75 Rhenium 186.31 186.32 186.3 Re
Rh 45 Rhodium 10291 10291 1029 Rh
Ru 44 Ruthenium 1017 101.7 1017 Ru
S 16 Sulphur 32.06 32.05 32,05 )
Sb 51 Antimony 121.76 121.75 121.75 Sb
Se 21 Scandium 45.10 45.09 451 Sc
Se 34 Selenium 78.96 78.95 7895 Se
Si 14 Silicon 28.06 28.05 28.05 Si
Sn 50 Tin 118.70 118.70 1187 Sn
Sr 38 Strontium 87.63 87.62 876 Sr
Ta 73 Tantalum  180.88 180.89 1809 Ta
Te 52 Tellurium 127.61 1276 127.6 Te
Th 90 Thorium 232,12 232.13 232.1 Th
Ti 22 Titanium 47.90 47.90 479 Ti
Ti 81 Thallium  204.39 204.40 2044 Tl
U 92 Uranium  238.14 238.32 238.3 U
v 23 Vanadium 5095 50.94 50.94 v
w 74 Tungsten 184.0 184.0 184.0 w
Y 39 Yttrium 88.92 88.91 889 Y
Zn 30 Zinc 65.38 65.38 65.4 Zn
Zr 40 Zirconium  91.22 91.22 912 Zr

For very accurate work, or for different conditions, (e.g. aluminium mg
weights), it will be advisible to use the international atomic weights and to
apply a correction for buoyancy. Generally, analytical errors exert much
more influence on the result and rounded off values will be quite suitable.



OPERATIONS.

A few words may be devoted here to the scheme of training
for the analyst. After a course of qualitative analysis it is most
desirable that the chemist acquires a more thorough knowledge
of the fundamentals of general and physical, — including colloid
— chemistry. The border-line parts of mineralogy and general
geology, including geochemistry as well as special parts of the
biological (physiological) sciences, are, now more than ever,
indispensable for arriving at a sound understanding of the inor-
ganic processes in nature. Besides, a well trained hand, attenti-
veness, due deliberation and much experience should go hand
in hand with theoretical knowledge. But when these conditions
are fulfilled, quantitative analysis, far from being “the mecha-
nical performance of such operations without understanding the
reason for each step” will prove to be a prolific source of in-
teresting scientific work, apart from the results which are often
of the utmost importance for the advancement of chemistry and
other sciences, commerce and industry.

A course of quantitative analytical chemistry should start
with the learning of ordinary procedures and manipulations. In
the Analytical Department of the Pharmaceutical Labaratory in
Utrecht, Professor ScHoorL has introduced the following system:
A number of well chosen preparations of pure chemicals are to
be prepared by the student, starting from ordinary raw mate-
rials. These substances are consecutively analysed according to
standard methods, whenever possible by two or more entirely
different procedures. This scheme is applicable to gravimetric as
well as to titrimetric methods with equal profit.

After these preliminary exercises the practice of quantitative
analysis should be further learned in researches on the com-
position of actual samples. Rocks and minerals provide a large
variety of samples of different complexity and are therefore
very suitable for this purpose, as well as most of the other sub-
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stances mentioned on p. 4. At first the student should work
with portions of specially prepared mixtures of known com-
position. It is well to perform the analysis of the same sample
more than once in different stages of the course, every time
trying to obtain more satisfactory and complete results, when-
ever possible with quite different procedures. From the beginning,
the student should make a liberal use of the laboratory library
for consulting the literature in periodicals and preferably of a
— though at first small — set of well chosen books of his own
for quiet study of the principles. The course should be termina-
ted by the analysis in duplicate of a number of different
materials.

ANALYTICAL OPERATIONS.

After the preparation of the sample, the latter or separate
portions of it are to be prepared for the carrying out of the
analytical procedures. No general rules can be given for this
part of the work and every case should be considered with the
special purpose in view. Therefore, in the different chapters of
this book, the particular methods of attack for the materials to
be analysed will be given in full detail.

The methods of gravimetry can be divided as follows:

1. Residue determinations after heating or other special

treatments of the sample.

2. Gas-evolution processes; the escaping gases are absorbed

and weighed.

3. Precipitation processes and their converse: extraction pro-

cesses.

4, Partition processes (liquation).

Besides, a few sensitive and specific colorimetric procedures,
frequently used in rock- and mineral-analysis will be described.

1. Under the heading residue determinations can be ranged
for example indirect determinations of water (water escaping
below 105°), determination of loss on ignition (e.g. CO, in pure
carbonates), ash determinations in organic materials, heating
with fluxes or other reagents sither wholly or partly volatile or
nonvolatile (heating with solid ammonium carbonate of sulpha-
tes obtained by evaporation with sulphuric acid; treatment of
the separated silica with HF and H,;SO,4 to determine the content
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of impurities; thermal treatment of sulphates decomposable by
heat in presence of zinc oxide in order to determine total water
by retaining the acid with the added reagent), decomposition of
carbonates with non-volatile acids with determination of loss in
weight (Bunsen’s method). All these reactions are ordinarily not
very specific, but simple to carry out while the experimental
errors in the procedure are often negligible.

2. Determinations of water and carbon dioxide for example,
are to be classified under this heading.

3. Well-known procedures, the description of which forms a
large part of the contents of this book, belong to this group. The
precipitates can be ignited and weighed, dried and weighed, or
other treatments, especially titrimetric procedures, may be
applicable to them.

4. Though use is made of partition processes in inorganic
analysis now and then, the principal applications wili be found
in organic chemistry.

In view of the importance of the third group, the uniform
practical principles concerning the precipitation and further
treatment of precipitates will be mentioned briefly here. It
cannot be too strongly emphasized that every worker in analyti-
cal chemistry should make himself familiar with the theoretical
fundamentals of even common analytical manipulations. Excel-
lent books on this subject have been written 14) and it is sugges-
ted that every chemist should consult these treatises at the
latest when beginning the practice of quantitative analysis.

COMPOSITION OF PRECIPITATES.

It is preferable that the composition of precipitates remains
constant under a wide range of experimental conditions holding
at the time of formation but as this demand cannot always be
satisfied, one often must have recourse to standard procedures
under reproducible conditions. Neither of these alternatives is
essential when, by suitable treatments, the precipitate can be
changed into a form or compound of well-defined composition.
Further it is desirable that precipitates or the form in which
they are weighed contain only small percentages of the substance
to be determined in order to make the results more accurate.
Hence the general inclination to use organic reagents with
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large reaction weights and yielding precipitates of definite com-
position. Following FEIGL, a very interesting suggestion for the
determination of unweighable amounts of substances by multi-
plication of the precipitate may be given here for curiosity: after
the formation of the still unweighable precipitate, the active
component is regenerated and caused to react again, etc. while
the inactive part accumulates steadily until a weighable amount
is reached. The practical interest of this procedure, however,
has not been demonstrated as yet; determination of potassium
as chloroplatinate according to this suggestion may be possible,
at least theoretically.

OTHER DESIDERATA FOR PRECIPITATES.

Whenever possible, the precipitation of an element should be
selective and consequently not be hindered by other — especially
related — elements. The precipitate should be very insoluble in
the reaction-medium, easily collectable and readily washed free
from contaminating matter, that is, it should not tenaciously
include or adsorb other substances, nor form mixed-crystals with
other compounds which are likely to occur in the final solutions.

SOLUBILITY OF PRECIPITATES.

A precipitate is formed ordinarily by exceeding the solubility-
product of the compound. Consequently, this may be obtained
by the addition of but one of the ions. In the case of an only
slightly soluble precipitate, an absolutely small amount of one of
the common ions already exerts a relatively considerable action
with the result that the amount of the other ion present in solu-
tion may easily become negligible. This will be so during the
precipitation where it is self-evident that an excess — however
small — of the precipitant must necessarily be present, but
during the washing of precipitates a common ion should be used
in the liquid. If the added compound is not removed in the sub-
sequent treatment of the precipitate, the final washings — when
other impurities are absent — are made with the minimum
amount of cold water. in the opposite case this precaution will
not be necessary.
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Some crystalline precipitates tend to form super-saturated
solutions. This undesirable behaviour may be overcome by
vigorous mechanical stirring of the solution and by allowing the
liquid to stand for a long time. In a number of cases the solubi-
lity can also be decreased by the addition of alcohol to the
solutions. A special case is formed by the precipitation by regu-
lation of the hydrogen-ion concentration. Here there will often
be an optimum concentration to be adhered to in the precipita-
tion of a given element either on account of the amphoteric
character of some hydroxides or by the possibility of exceeding
the pH where other hydroxides also become insoluble. Precipi-
tates having a tendency to pass through the filter in colloidal
solution should be rinsed with an electrolyte solution to keep
them in the flocculated form.

STATE OF THE PRECIPITATE.

Owing to their relatively high solubility some precipitates
are obtained in a crystalline form, especially when formed in
hot solution. Both working at high temperatures and ageing of
the precipitate lead to formation of the more insoluble and
easily filtrable coarsely crystalline precipitates. As the propor-
tion mass to surface is also more favourable here, the adsorption
of foreign matter is equally decreased.

Less soluble substances are obtained in a fine powdery form,
these have a strong tendency to creep along the walls of beakers
and funnels, consequently the filters should never be filled too
high, especially in this case. If not impossible for other reasons,
it will be best to precipitate these compounds at the boiling point.

Still finer precipitates (for example the silver halides) and
still more, colloidal precipitates, require more care in every
respect. But when prepared in the right way and especially when
it is possible to mix some macerated filter paper with the precipi-
tate the operations with these substances will not give unsur-
mountable difficulties.

COLLECTION OF PRECIPITATES.

This operation may be carried out by filtration or by appli-
cation of the centrifuge, the latter instrument being extremely
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useful when difficultly filterable precipitates are to be cleaned.

Formerly filtrations were made almost exclusively with cel-
lulose, (viz. paper or cotton-wool) as material for the filter. This
procedure is entirely satisfactory when the precipitates are to
be ignited and on ignition do not change when in contact with
burning organic matter. For other precipitates, perforated cruci-
bles with asbestos or platinum-sponge layers have been in use
since the end of the last century and have nowadays to some
extent been resuscitated in the shape of various forms of filter-
sticks. 15) For both purposes, however, these materials as well
as glass-wool have been largely displaced by porcelain, glass and
fused silica.

As there are two contradictory desiderata for filters, viz.
quickness of filtration and small pores, the required materials
are all made with various diameters of pores to correspond to
the particle-size as much as possible; most crystalline precipi-
tates, however, can be prepared in such a form that the filtrate
will run nearly almost as quickly as pure water through an
ordinary filter. Rightly prepared, the colloidal precipitates are
not so bad as is generally stated, and especially when thoroughly
mixed with macerated filter paper these substances will filter
very readily. In ordinary filtrations with paper, suction will not
be necessary to increase the speed of filtration for most crystal-
line precipitates; with colloidal precipitates, suction is most ob-
jectionable as the pores quickly become clogged and channels
are formed in the voluminous precipitate thus rendering tho-
rough washing almost impossible. With filter crucibles as well
as with colloidal filter-membranes of organic nature, suction is
indispensable. 15a)

PAPER FILTERS.

The size of the paper should be chosen with regard to the mass
of the precipitate rather than to the volume of liquid. For proper
washing it is advisable, that the filter be filled to not more than
one third, or at most one half, with the precipitate; for very
small precipitates in a large bulk an intermediate course should
be taken. The dry paper is folded in half and then again in half,
so that a sector with angle 90° and four layers thickness is
obtained. The folds are sharpened, but the top of the cone must
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remain intact. The opened filter is placed in an analytical funnel
with straight walls and an angle of exactly 60°, in which it will
fit snugly after moistening the paper with water. To obtain a
very rapid filtration, the filter should be “overfolded” slightly the
second time, and then opened on the larger side. Thus prepared,
the filter will touch the funnel only about half of the cone, the
lower part being free from the glass (fig. 4a).

Analytical funnels should preferably be made of some resis-
tance glass, have straight walls, a top angle of very nearly 60°
and a stem with
an internal dia-
meter of from
3—5 mm and
10—15 cm length.
Analytical fun-
nels of Jena glass
are now available
with angle of ex-
actly 60° and with
channels for rapid
filtration, so that
the filter need
not be overfolded.
(fig. 4b) After the

Fig, 4. paper has been

put in place, the

filter is filled with water, any air bubbles are carefully removed,

by gently pressing the paper to the walls especially those which

remain tenaciously along the folds. Water will now pass readily

through the filter and it will not be difficult to fill the stem. The

column of water under the filter exerts a very profitable suction,

but this must not be exaggerated by fitting funnels with stems

of 30 cm and more. It is not necessary to cut off the stem straight
but this will aid in keeping it filled with water.

The glass wall of the funnel should project about 1.5 cm over
the rim of the paper. This part of the funnel should never be
allowed to become wet, otherwise loss of the precipitate by
creeping etc. may occur. The opening of the stem of the funnel
should be at a height of 2—3 em above the surface of the liquid.
The stem should be as near to the wall of the beaker as possible
without touching it, to avoid splashing by the falling drops.




FILTRATION 21

The use of filter paper pulp in filtrations of colloidal precipi-
tates is a decided improvement. 16) Furthermore the precipitate
remains in a finely divided state after ignition and this is very
welcome if further treatment of the precipitate is intended,
particularly in the determination of iron, as any magnetic oxide
which may have formed is easily re-oxidized. The pulp should
be added after the final formation of the precipitate as some
precipitates tend to make the fibres fireproof and also, as, the
action of acids on the organic matter may form compounds that
interfere with some precipitations, viz. of aluminium as hy-
droxide.

In filtrations under suction, the action of the pump should be
applied gradually and gently and a platinum cone of 60° of
diameter 2.5—3 cm, perforated with many small openings will
be required to support the top of the paper. It is desirable to
have a large volume of air between the pump and the filter
apparatus to lessen accidental variations in pressure and to avoid
back flow of water from the pump. The necessary apparatus will
be described in the section on filter crucibles. For preparative
work, BiicuNer-funnels of porcelain or preferably of Jena glass
are indispensable for supporting the flat filter paper.

Filter crucibles are extremely valuable apparatus when used
in the right way; they unite the properties of filter, funnel and
crucible in one piece and are available in different pore-sizes,
the smallest retaining even the finest precipitates. A filter tube
should be fitted to the crucible with a piece of soft rubber
tubing; a piece of 5—6 cm length of bicycle inner tube will serve
for the purpose. The use of an Erlemeyer suction flask is an
objectionable practice unless the filtrate is not required. There-
fore, WritT’s filtering apparatus or a simple bell-jar on a ground
glass plate should be used in filtrations with suction. The filter-
ing tube may be straight when an erlemeyer is used to catch
the filtrate; when a beaker is used a bent tube will be necessary
to prevent splashing of drops. A three-way cock is required to
apply or stop the suction in a convenient way (fig. 5 a and b).
As filter crucibles with layers of sintered glass, porcelain and
fused silica are entirely satisfactory, the description of the
preparation of an asbestos layer in GoocH crucibles and of a
platinum sponge mat in MuNroE (NEUBAUER) crucibles is omitted
here. 17) Glass filter crucibles should not be heated to more than
250°, porcelain crucibles stand careful heating at temperatures

3
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of more than 1200°, provided a crucible cap is used, otherwise
the bottom will crack.

CLEANING OF PRECIPITATES.

Three general rules for the washing of precipitates should be
kept in mind:

1. The total volume of wash-liquid should be kept as small
as is compatible with thorough washing, 2. It is much better to

~) a

Fig. 5a. Witt’s filtering Apparatus with Funnel, Platinum Cone and Filter.
Fig. 5b. Filtration Flask with Filter Tube, Rubber Connection and Porcelain
B2 filter Crucible.

wash with a larger number of small portions — the filter being
allowed to drain completely after each addition of wash-liquid
— than with a small number of large portions, 3. A common
ion should be employed in the wash water whenever possible.

Precipitates which are liable to oxidation etc. on being exposed
to the air e.g. many sulphides, should remain covered with the
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liquid during the washing process; ordinarily the washing of
these precipitates will require much more liquid and time. The
section on the solubility of precipitates is of direct interest also
for the washing of precipitates (p. 17). Care should be exercised
in properly washing the upper parts of the filter and avoiding
the precipitate creeping over the rim.

The best method, however, to obtain precipitates of the desired
composition and at the same time free from contaminating
matter is by repeated precipitation of the dissolved precipitate.
This procedure is still more to be recommended, especially in
accurate work, as it demands only a fraction of the time, neces-
sary for complete washing and is less tedious to carry out. The
necessary number of washings and re-precipitations must be
considered after each precipitation; ordinarily 4—6 washings
combined with double precipitations are quite sufficient, but in
some cases these numbers have to be increased.

TREATMENT OF PRECIPITATES.

Consequently the whole treatment of precipitates will be as
follows:

When the precipitate has settled somewhat, the completeness
of precipitation is secured by the further addition of a few drops
of the precipitant. After standing in the covered beaker during
the allotted time after precipitation, — when desirable at first
in a warm place, later in a cool one — the apparently clear
supernatant liquid is decanted from the precipitate and the
latter washed by decantation in the beaker. The whole amount
of liquid should be filtered through the paper, the stream of
fluid being directed by a thin stirring-rod. If necessary, the
beaker is placed in an inclined position when liquid is not being
added to the filter to prevent disturbing the precipitate. Finally
the precipitate is brought on the filter by means of a stream of
the wash-liquid, the beaker with stirring-rod being manipulated
by the left (right), the wash-bottle by the right (left) hand;
when necessary, a stirring-rod with a one piece pure rubber
cleanser may be used in this operation. Washing of filter and
precipitate is continued until considered complete; usually this
may be tested by catching a few drops of the filtrate in a test
tube and testing for a definite constituent or by evaporating a
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few drops of the filtrate on a piece of platinum foil or the lid of
a platinum crucible. When a re-precipitation is intended the
filter is carefully loosened from the funnel at one side to empty
the stem after which funnel with filter and precipitate are taken
out of the funnel stand, held in a nearly horizontal position over
the beaker used in the precipitation and the precipitate is
washed back into the beaker by a stream of clean water. The
filter is thoroughly washed in the funnel and may conveniently
be used in the subsequent filtrations. Before a re-precipitation or
if only the filtrate is of interest, the precipitate need not be
quantitatively transferred to the filter.

DRYING OR IGNITION OF PRECIPITATES BEFORE W EIGHING.

Precipitates to be weighed after drying at low temperatures,
or those, changing their composition when in contact with
burning paper, should be caught in a filter crucible. The crucible
with contents is dried at the requisite temperature in an oven
provided with a thermometer; in case of an ignition the tem-
perature should be raised very gradually to avoid losses by
decrepitation. Electric ovens with a temperature control are
very convenient for this purpose. Precipitates on filter papers
are transferred moist to the crucible and wrapped up in the
paper to prevent mechanical losses. The crucible is placed in an
inclined position on a triangle at about 6 cm over the very low
flame of a Bunsen burner, protected against draught by a flame-
screen. Very gradually the height of the flame is increased. This
will cause the charring of the paper and this must be carried
out at as low a temperature as possible to prevent ignition of
the paper (this will inevitably cause mechanical losses of the
precipitate) and also because the carbon obtained at a low
temperature is burnt off much more easily than carbon resulting
from rapid heating at high temperatures. When vapours are no
longer liberated, the height of the flame is again increased, so
that the bottom of the still inclined crucible becomes dull red.
This state is continued until all of the carbon is incinerated,
after which the heating may be commenced at the temperature
required to bring the precipitate into a definite condition. Here
only, the lid of the crucible may be necessary to increase the
temperature. The flame should not be allowed to envelope the
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whole crucible as a reducing atmosphere around the precipitate
would be the result; in some cases the flame gases should even
be kept away from the contents by a protecting asbestos or
platinum screen with a hole to fit the crucible. Ordinarily a
blast iz not required, but if so, the flame should embrace only
the lower two third parts of the vertical crucible and conse-
quently not be directed vertically on the bottom. Tripods are
quite unsatisfactory in ignitions as their height cannot be ad-
justed properly. Ring stands with heavy bases are the only ap-
propriate apparatus of this kind in analytical laboratories.

After ignition, the covered crucible is allowed to cool com-
pletely to room temperature, preferably in a dessicator with a
powerful dessicant. Platinum crucibles cool very quickly,
provided the space in the dessicator is not too small. On the
contrary, in large dessicators it is almost impossible to maintain
the required atmosphere when these are frequently opened. A
re-ignition should be made, until two subsequent weighings
yield the same result. It is advisable in this case to prepare the
weights on the balance beforehand in a second or further
weighing to prevent the adsorption of moisture from the air as
much as possible.

WEIGHING.

The weight of a precipitate is obtained as the difference of
the weight of the crucible with precipitate and the weight of
the crucible alone. It is necessary that the apparatus — the
weight of which should not be affected in the analytical pro-
cedure — be treated in the same way when weighed alone as
with the precipitate. Consequently, when a precipitate is to be
ignited at 1000°, when determining the weight of the crucible
this should be heated also to 1000°. Sometimes the weight of
the crucible may change slightly in prolonged ignitions. In this
case the weight should be determined directly after removing
the precipitate with such reagents as will not affect the weight
of the crucible. Only glass or metal apparatus should be placed
directly on the pan. These objects should be perfectly dry and
clean and should have the same temperature as the balance,
otherwise the thermal equilibrium in the balance will be di-
sturbed and consequently the weighings inaccurate during the
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time required for the re-establishment of uniform temperature.
The weights should always be placed on the right hand pan and
a set of weights should be calibrated every now and then in ac-
curate work. It is not necessary that the weights of the set are
absolutely correct, but the various weights should have the right
proportions of mass and they should be used with measuring
apparatus with consistent volumes. Therefore all these apparatus
in one laboratory must be adjusted in the same way. 18)

Weights and objects to be weighed should be handled exclu-
sively with ivory-tipped forceps and platinum-tipped or other
tongs. Records should be made in a uniform manner in a note-
book reserved for this purpose. The procedure of weighing is
extremely simple, if carried out systematically. The arrangement
of the weights will be seen in fig. 6; the
heaviest weight is placed in the centre of
the pan, the other large weights are ar-
ranged in a symmetrical manner around it,
to avoid swinging of the pan on releasing.
The weights below the gram are placed
alongside each other in two rows, thus
facilitating the reading. It is, however, in
the end a saving of time and indeed of
money too, to use balances requiring only
the gram-weights to be placed on the pan. The approximate
weight of the object is determined on a letter-balance and the
required larger weights placed on the pan. With a system of
levers the other weights in the form of riders are released and
placed subsequently on the balance beam. With this type of
balance the milligrams and tenths are ordinarily read directly
on a scale.

Portions for the decomposition are weighed out by the method
of addition; the crucible or other apparatus that will serve in
the subsequent operations is weighed empty. The sum of the
weights on the right pan is increased to somewhat below the
total of weight of the crucible with the desired amount of sample
or flux. Next the cover of the crucible is placed in the centre of
the left pan and the crucible is placed in front of the balance.
About the required amount is transferred by the aid of a small
spatula (to be reserved for this purpose in the balance case)
from the sample tube into the crucible, the latter is replaced on
the lid and by cautiously releasing the pans, the necessity of

Fig. 6.
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further addition or of pouring out a little from the powder is
ascertained. The powder should not be allowed to form a deposit
on the upper side of the walls of the crucible.

Hygroscopic powders are weighed by subtraction; viz. a
specimet: tube, containing the compound in question is weighed,
then quickly but cautiously, about the amount required is
poured out into a suitable receiver and the closed specimen
tube is re-weighed. The difference represents the exact weight
of the portion.

When the accurate weight of an amount of substance need
not be known, it is preferable to provide both balance pans with
a filter paper of equal size. These are ordinarily similar in weight
within a few milligrams and this difference will generally be
of no consequence in the case of weighing fluxes or when solu-
tions for washing etc. are to be made up.

COoLORIMETRIC COMPARISON. (GENERAL REMARKS.

For a number of elements occurring in rocks and in most
minerals only in minute amounts, gravimetric procedures are
liable to yield erroneous results. For some of these elements,
accurate colorimetric procedures have been worked out. Though
the relative accuracy of colorimetric procedures is not very
great — errors of 5—10 % may be expected on an average — the
absolute accuracy for small percentages is ordinarily far superior
to that of gravimetric and often also of titrimetric methods.

In colorimetric work it is generally assumed, that the intensity
of the colour in a given solution is proportional to the amount
of the coloured compound. On this supposition — viz. that the
law of LamBERT-BEER is valid — are based the well-known
colorimeters of DuB0sQ, STEIGER, SCHREINER and others where the
length of the light path in the solution is variable and may be
read on a scale. These instruments, besides being very expensive,
have the drawback that they are not universally applicable.
Therefore, in general and for the analysis of minerals and rocks
in particular, the simpler procedures and instruments are better.
These methods are based on the fact, that when under the same
circumstances the same colour is obtained in test-solution and
standard-solution by appropriate dilution these liquids have the
same concentration of the compound to be determined. The
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colours may be compared: 1. with a colour scale, 2. in a colori-
meter fitted with two cells of the same dimensions, by simple
dilution of the strongest solution with water, 3. by the procedure
of titrimetric colorimetry.

DESCRIPTION OF COLORIMETRIC PROCEDURES.

1. A colour scale is most useful when a large number of
determinations are to be made within the short life of the
standard colour scale.

A number of test tubes of about the same diameter are selected
by filling the dry tubes — by means of a pipette — with equal
volumes of water and discarding those in which the length of
the column deviates more than 5 % from the average. Standard
solutions are made of increasing concentration and filled to the
same height in the tubes in a stand. The test-solution is treated
in the same way and its place in the row is determined by visual
comparison.

2. A colorimeter of this type is described by HILLEBRAND as
“first Survey form” (UNITED STATES GEOLOGICAL SURVEY) and
consists of two glass cells each with two plane parallel surfaces,
at the same distance from each other in both cells. The other
sides are blackened externally and to exclude further the effect
of side light, the cells are placed in a simple, light box, stained
black inside, one end closed by a piece of ground glass, the other
being open. Provision is made that all light can be cut off, except
that which comes through the liquid. Any suitable amount of
the standard solution, which is purposely made stronger than
the solution to be tested, is placed in one of the glasses and an
indefinite part or the whole of the test solution in the other.
Water is then added from a burette to the standard until
there is no distinction as to colour. Perfect mixture is brought
about by a glass rod flattened at one end. In making the colour
comparison the box is best held close to a window, so as to get
a full, strong light. Daylight is far preferable to artificial light.
The amounts of the substance to be determined and that in the
standard cylinder are of course proportional to the volumes of
the solutions. 19)

3. The method of titrimetric colorimetry has been the subject
of study by WINkKLER and recently especially ScmoorL and
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KARsTEN. 20) The limits of the method have been enumerated
by the latter authors:

a. The reaction should be simple to carry out, without

special manipulations e.g. heating, partition processes etc.

b. "The speed of the reaction should be large enough here as

well as in direct titrimetric procedures.

c. The reaction-product should be rather stable.

d. The order of succesion of the addition of the reagents

should be without consequence.

The procedure of titrimetric colorimetry is described by
KAarsTEN as follows: The test solution is transferred to a Nessler
tube, the required reagents are added and the liquid is made up
to a definite volume, either 50 or 100 ml. To another Nessler
tube of exactly the same diameter add the same amounts of
reagents and dilute with water until near to the mark. A
standard solution of the compound to be determined is dropped
from a burette into the cylinder until after vigorous stirring
with a rod, flattened at the end, the intensity of the colour is the
same in both tubes; by the addition of a small amount of water
both volumes should be made exactly alike.

Cylindrical tubes of dark paper are slipped over the Nessler
tubes before the comparison, to exclude side light. The tubes are
placed on a thin plate of colourless glass over a turnable piece
of white cardboard to yield a suitable diffuse light. The reverse
side of this cardboard should be blackened to make the in-
strument applicable for nephelometric comparisons. A special
outflow tube for the burette with a horizontal part about 5 cm
long is described by KARsTEN; this serves to avoid interference
with the observation of the colour.

In this institute, ordinary paint has proved to be a suitable
cement for the glass cells. The objects should be allowed to dry
thoroughly under pressure. Cells with fused connections
(Scrort & GEN. JENA) are, however, far preferable.

LABORATORY AND LABORATORY WORK.

A few suggestions may be made for the independent worker
as to the equipment of the laboratory, though in most cases the
locality will exist already and radical changes will neither be
required nor possible. A list of apparatus mentioned in this book
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has been added p. 242, and these will be at hand or can be built
up in any well equipped laboratory. For a number of the more
complicated apparatus, it is a saving of time to make them
permanent and ready for direct use as is the uniform practice
already with apparatus for organic analysis with combustion
methods. For efficient work the analyst should dispose of ample
room — a work-bench of 6 m or more will be required — and
of a complete outfit for analytical work. This, however, holds
chiefly for a very experienced worker, able to supervise a
number of simultaneous operations. In a hood with a good
draught, the water-baths and two stands for evaporations in a
hot air-bath or over the free flame are placed; a separate small
hood for evaporations with hydrofluoric acid will be welcome.
Provision should be made to keep the whole laboratory as clean
as possible and the air free from fumes and dust. The almost
uniform. practice of placing the bottles with reagents in a stand
in front of the analyst on the work-bench cannot be too strongly
deprecated as it is a continous source of contamination of —
necessarily — uncovered vessels and a possibility of breaking or
disturbing apparatus; the same may be said of cocks and
connections for gas, water, air and electricity; these should be
in front of the work-bench instead of at the back, unless there
is much free space to attend to them. The author has found it
to be most convenient to place the bottles with reagents together
with beakers wherein a precipitate is allowed to form and settle
during any considerable time, on a long, narrow table behind
the operator. Reagent bottles with concentrated acids are placed
on a glass plate. Convenient caps for otherwise unprotected
flasks, especially those with cork stoppers, are small beakers,
preferably old scratched specimens, unsuitable to serve further
in precipitations.

Vessels standing for any length of time should be effectively
protected against dust even when evaporations are carried out
in them, either by clock-glasses of suitable dimensions or screens
of glass, wood or cardboard.

The quality of the reagents used, is of the utmost importance
in careful work as large quantities of reagents are employed
during the performance of the analysis. The reagents should be
tested for impurities; for example the author has never succeeded
in obtaining calcium carbonate for the determination of alkalies
in silicates of sufficient purity, except when specially prepared
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in the laboratory. Water, hydrochloric acid and especially
ammonia water should always be prepared at short intervals by
distillation as relatively enormous quantities are used in most
analyses. Most other reagents can be obtained of satisfactory
quality from dealers in chemicals; these should be purchased in
not too small quantities to avoid waste of time in testing their
amount of impurities. A list of reagents has been likewise added
to the book (p. 250).

In carrying out blank-determinations it will not always be
sufficient to perform the operations with the reagents alone as
other errors may be introduced by the changes of conditions due
to the much larger quantities of precipitates in actual analyses.
Sometimes this difficulty can be overcome by taking a known
amount of a very pure substance for the ”blank-determination”,
in other cases, however, this will not be possible.

Solutions of solid reagents should as a rule not be made up
and stored in glass bottles as many of them attack glass
considerably. The required amount should be dissolved in the
appropriate quantity of solvent when needed.

The balance should be in a separate room to protect it against
acid fumes and dust from the laboratory. In the same room are
conveniently placed other indispensable apparatus of the same
delicacy e.g. microscope and other optical apparatus.

As advocated by WASHINGTON, it is advisable not to wear an
apron in an analytical laboratory, except when cleaning
apparatus etc., as this practice may lead to careless and slovenly
habits: ”If the analyst is liable to drop acids on his clothes he is
more than liable to spill some of the solutions he is analyzing”.
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ANALYSIS OF SILICATES.

Under this heading the analysis of the following substances:
Silicate rocks, minerals, soils, sandstones, clays, laterites,
bauxites, cements, slags, coal-ash (plant-ash) and glassware will
be dealt with.

SiLicATE Rocks. GENERAL CONSIDERATIONS.

In the case of igneous rocks, qualitative analysis will be
seldom required, as the main constituents are always the same,
their amount is almost never negligible and so these elements
must be determined in every case. The general type of composi-
tion then affords indications as to the minor constituents that
will occur and from this point of view it is convenient to dis-
tinguish between three different types of rocks. Representative
analyses for these types will be found in table IV, together with
the range of variation for silicate rocks.

Type I I 11 Table IV.21)

SiOe2 48.23 60.44 51.93 30—80°/0 I Bronzite norite, Crystal
Al202 18.26 16.65 20.29 0—25 Falls, Michigan.

Fe203 1.26 231 3.59 0—13 Analyst: G. Steiger.
FeO 6.10 3.09 1.20 0—15 II Diorite porphyry, La
MnO n.d. 0.13 n.d. 0—0.5 Plata Mountains, Colo-
MgO 10.84 218 0.22 0—30 rado.

CaO 9.39 422 1.65 0—17 Analyst: W. F. Hillebrand.
Na20 134 5.18 8.49 0—-14 III Pseudoleucite-sodalite
K20 0.73 27 9.81 0—12 tinguaite, Bearpaw
H20+ 2.00 1.07 0.99 2 0—12 Mountains, Montana.
H20— 0.26 0.36 0.10 Analyst: H. N. Stokes.
TiO2 1.00 0.60 0.20 0—5

CO2 043 0.48 0.25 0

P20s 0.07 0.29 0.06 0—1

rest — 0.25 1.80

Sum 99.91 99.96 100.58 —
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Between types I and II all possible transitions and even more
extreme species are possible which range from ca. 35—80 % total
silica. In the more ”basic” types magnesia predominates over
all other bases, but iron never fails to be present. They merge
gradually into rocks like no. I where iron, magnesia and calcium
are more or less equivalent and alkalies are present to some
few percent. Aluminium accompanies these elements in the
dark minerals as well as in the colourless species, the maximum
percentage occurring in the intermediate rocks. The oxides
forming dark minerals (magnesium, iron and calcium) become
less important as silica increases. The type represented by
analysis no. II is composed mainly of light minerals, the alkalies
become more and more important and an excess of free silica
may be present in the form of quartz or tridymite. The end of
magmatic differentiation is probably represented by the eutectic
composition of quartz and feldspars with 75—80 % total silica,
(VoaT). There is still another series of rocks, the main difference
between this and the former being that the alkalies play a much
more important role in their composition. A typical alkali-rock”
is given in analysis III, table IV. Owing to this large alkali-
content there is never free silica in true representatives of this
group, as the alkalies require six mol SiO, to 1 mol (Na,K) 0 to
be wholly ”saturated”. The genetic position of the alkali-rocks
is, as yet, an unsolved problem. Aluminium oxide is present in
such large amounts as to crystallize sometimes as such in the
form of corundum. The "femic”-oxides may vary in amount, but
generally calcium and notably magnesium diminish more than
iron. Together with these properties there is another peculiarity:
a large number of rare elements is concentrated in the alkali-
rocks and this induces the formation of minerals built up more
or less substantially from these elements, thus giving rise to the
considerable remainder in analysis III. Among these elements
are found; Li, Be, B, C, F, P, S, Cl, Sc, Rb, Y, Zr, Nb, Mo, Sn,
Cs, Rare earths, Hf, Ta, W, Th, U, and sometimes in amounts
that warrant their determination.

In other rock-types the variety in minor constituents which
can be detected chemically is less pronounced. The basic ”alkali-
calcic” rocks contain remarkable quantities of metals of the
iron-group together with Ti, V, Cr, whilst all occurences of
platinum metals are also associated with them. Acid rocks of
this type contain larger amounts especially of B, F, Cl, Sn, W
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and seem to merge rather gradually, in this respect, into alkaline
rocks. In general, rare elements play only an unimportant role
in intermediate rocks from the alkali-calcic type. These geo-
chemical considerations, together with petrographical evidence,
give indications to the analyst as to the constituents which
should be looked for.

PREPARATION OF THE SAMPLE.

Enough of the rock to give a representative sample is crushed
with the aid of a ”geological” hammer (hardened steel) on a
steel plate. The rock is placed in a small bottomless box to
prevent fragments flying. The fragments are one by one crushed
in a steel ”diamond” mortar preferably by one heavy stroke on
the pestle and without any rotary motion of the pestle in the
mortar as this inevitably causes abrasion by mineral fragments
between pestle and cylinder. After the whole material has
undergone this treatment it is sifted; with the remaining large
fragments the operation is to be repeated until all will pass
readily a sieve with openings from 1.5 mm in diameter. This
powder is crushed in an agate mortar and sifted until no
fragments larger than 0.3 mm are present. This will be fine
enough for most determinations. Contamination by the material
from mortar and pestle is very slight. On carefully crushing
20 g of quartz, 0.0163 g iron oxide could be detected. This gives
an error in the determination of 0.08 % plus for iron and in most
cases this does not matter. Quartz has a hardness 7 in Mons’
scale. With albite (hardness 6) the amount of iron becomes
almost negligible (0.014 %). The abrasion of the agate mortar
can be neglected altogether, as the amount of silica present in
the rock is only slightly influenced by it. In special cases one
should be certain that neither the mortars nor sieves contain
elements that are to be determined and are only present in
small amounts in the rock. Care should be taken that the whole
amount is passed through the various operations as otherwise
the tougher minerals would not be present in their due percen-
tage in the sample.

Too fine grinding is unnecessary for the decomposition and is
even harmful, as oxidation of ferrous iron is promoted and the
amount of hygroscopic water increased by it, whilst variations
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in the water content of the sample, due to fluctuations in the
relative degree of moisture in the air, become troublesome.
Finally the powder is thoroughly mixed and after lying a few
hours in the air, protected against dust, to make sure that it is
in equilibrium with the water-content in the laboratory-
atmosphere, it is stored in a tightly closed sample-bottle. The
analyses should not be carried out with specially dried powder
as this inevitably takes moisture from the air. If all the portions
needed for the analysis are weighed succesively or on the same
day, the moisture need be determined only in one of the portions,
otherwise every portion weighed out under different conditions
should be dried at 110° and weighed again directly after room-
temperature is reached but this is not recommended.

STATEMENT OF ROCK ANALYSES. 22)

The final statement of the analysis should give at least the
following constituents as they are always present in amounts
that are easily detected in portions of from 0.5—2 g: SiO,, Al,O3,
Fe,03, FeO, MnO, MgO, CaO, Na,0, K,0, H,O +, H,0 —, TiO,,
CO, and P,05. Whether other elements are to be taken into
account, depends on the nature of the material and the
completeness claimed for the analysis. The order of statement
may be justified as follows:

The acidic element which largely determines the character of
the rock is reported first of all. The other elements are given
in the order which brings together the natural groups, obvious
in mineralogical associations, course of analysis and increasing
electropositive character. Water and carbon dioxide are reported
together as these determine the degree of weathering of the rock.
Distinction is to be made between water escaping at a tempera-
ture near 100° and the rest of it, the latter representing largely
constitutional water, whilst water below 100° is mostly merely
hygroscopic and in most cases unessential for the composition
of the rock. The place of TiO, is more or less uncertain; 23)
consequently it is given separately, and finally phosphorus
pentoxide is given, as it is present ordinarily in the form of a
particular phosphorus-mineral; apatite. Silicate analyses should
always be reported in this same order, the general composition
of the rock can then be seen at first sight.
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The arrangement of the minor constituents is not of great
importance and may be guided by the same considerations which
were developed for the major elements, but depends also on the
object with which the examination for them was made.

GENERAL COURSE OF SILICATE ROCK ANALYSIS.

In rock analysis enough material is ordinarily available to
dispense with the necessity of economising with the sample and
therefore a number of separate portions will be examined if this
is convenient or will make the determinations more accurate.

The constituents of rocks which may be advantageously deter-
mined together in one portion of the sample are indicated in the
following scheme in vertical columns. The approximate amount
to be reserved for every portion is also indicated.

1 2 3 4 5 6 7 8 9, etc.
SiO, NayO FeO |H,O+ | HO—| (P,05) | COs | S p.m.
A1203 K20 MnO BaO
Fe,03 | (Liy0) (P405) Cr,03
Ti02 Zl‘Og
(ZrOy) R.E.

CaO | ((SiOy) -

MgO |((Fe,Os)) (( )): control-determinations.

(Sr0) ( ): optional determinations.

(P,05) R.E.: Rare Earths.
0.5—1.0|0.4—0.6/0.5—1.0|0.5—1.0| 1—2 1.0 1—5 1—2 | p.m.

1. The main portion is fused with sodium carbonate to
decompose the insoluble silicates and the cake is dissolved in
hydrochloric acid. The solution is evaporated and after thorough
dehydration, the silica will be insoluble and is filtered off. The
silicic acid always carries down some impurities, for which a
correction should be applied; so, after ignition, the silica is
evaporated with the aid of hydrofluoric acid, the impurities are
weighed and added to the filtrate from the silica. In this liquid
the next operation will be precipitation of a number of elements
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in the form of their hydroxides by just neutralising the solution,
with ammonia. Under conditions securing the exact regulation
of pH within narrow limits to 7, in the absence of carbon dioxide
and with double precipitations, this affords almost complete
separation of iron, aluminium, chromium, rare earths, titanium,
zirconium and phosphorus (all of these going into the precipi-
tate), from alkaline earths, magnesium, manganese and alkalies
(remaining in solution). In the filtrate, calcium and strontium
are precipitated as oxalate and magnesium either with a soluble
phosphate as magnesium ammonium phosphate or with 8-hy-
droxyquinoline.

The ammonia precipitate can be treated in several ways. The
combined hydroxides may be ignited and the elements weighed
as oxides. It is, however, difficult to get alumina entirely free
from water and not hygroscopic without simultaneous reduction
of part of the iron leading to formation of Fe;O,4, magnetite and
consequently to low results. So, I believe it best, to separate this
complex mixture direct after precipitation with the aid of sodium
hydroxide solution. Aluminium, phosphorus and the like form
soluble compounds, whilst iron, chromium, rare earths, titanium
and zirconium remain undissolved. This remedies also another
defect; in most analytical procedures alumina is determined by
difference and accordingly, all the errors in the other elements
of this group re-appear and accumulate in the figure for alumina.
On the contrary, by applying the sodium hydroxide separation,
aluminium can be determined conveniently in the filtrate, a
correction being needed only for phosphorus. The reagent is now
obtainable of highly pure quality (from sodium; e natrio) and
if properly carried out, this method proves to be very satisfactory
and convenient, whilst excessive contamination by attack from
the glassware need not be feared and can be entirely prevented
by working in small platinum apparatus. The description of
alternative methods, however, will not be omitted.

2. In the early days of quantitative analysis the alkalies were
reported exclusively by difference. The BErzeLIUS method (attack
with hydrofluoric acid, followed by precipitation of all the othet
elements) was a decided improvement, but formerly the separa-
tion of magnesium from the alkalies was tedious and inelegan!
(the newer organic reagents prove quite satisfactory here) anc
the separation of the alkali metals required much skill anc
patience.

4
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The simplest method for the determination of the alkalies was
worked out by J. LAWRENCE SMiTH and is presented in this book
with slight modifications by the author. The silicate is decom-
posed by igniting the fine powder with an excess of calcium
oxide and chloride. Both of these have dual purposes, the lime
besides being a strong decomposing agent, prevents the mass
from fusing together, while the calcium chloride acts as inter-
mediary by dissolving some lime, bringing this in intimate
contact with the rock powder and at the same time providing
the necessary amount of chlorine ion, to unite with the alkalies.
Afterwards, the lime serves also as precipitant in the subsequent
leaching of the cake. After separation of the lime with ammo-
nium carbonate, a solution is obtained, containing only alkali
chlorides together with ammonium salts. The latter are expelled
by gentle heating, the alkalies weighed as chlorides and sepa-
rated in one of the usual ways.

3. Exact gravimetric procedures for determining the amount
of iron present in the bivalent condition are unknown. Hence this
constituent is found by titrating an acid solution with some
oxidising agent of known strength, ordinarily potassium per-
manganate or dichromate. Decomposition is effected by solution
of the powder in a mixture of sulphuric and hydrofluoric acids;
sometimes sulphuric acid alone will serve. When other oxidisable
matter is present, corrections should be applied and in some
cases, notably when organic matter interferes, correct values
cannot be secured at all, as neither a definite end-point is
reached nor can oxidation be expected to a definite level.

4. Total water can be found in a limited number of cases as
loss in weight by heating the rock powder either alone or with
a flux like borax. This presumes the absence of other volatile
substances e.g. carbon dioxide and of constituents which change
in weight on ignition e.g. ferrous iron etc.. Of universal applica-
tion are the methods where the amount of water, which is
liberated by heating either with or without fluxes, is caught in
absorption tubes or by cooling (PENFIELD method etc.), precau-
tions being taken to prevent reduction of the water vapour to
hydrogen and also of simultaneous absorption of interfering
substances e.g. chlorine or sulphur oxides.

5. Water escaping near 105° or 110° is estimated by drying a
somewhat larger portion of the rock in an oven at these tempera-
tures. The same portion can be advantageously taken for the



COURSE OF ANALYSIS 39

determination of phosphorus and manganese or the latter alone
if phosphorus was separated in the main portion. Therefore the
powder is decomposed with hydrofluoric and nitric acids, and
aliquot volumes of the solution taken for the analyses. Phospho-
rus is precipitated as ammonium phospho-molybdate, weighed
in this form or as magnesium pyrophosphate after precipitation
with magnesia mixture in ammoniacal solution. Manganous
oxide is determined colorimetrically after oxidation to perman-
ganate. See also under (6).

6. To avoid the necessity of proportional division of the
solution obtained from the former sample (5) phosphorus can
alternatively be found in a separate sample by the same treat-
ment. In this case it is profitable to decompose the sample in
which manganese is to be determined with a mixture of
sulphuric and hydrofluoric acids.

7. The presence of carbon dioxide even in very small amounts
can be detected by adding hydrochloric acid to the cold, pre-
viously boiled suspension of the rock powder in water. The
test-tube should be inspected with a lens for minute bubbles and
a lead acetate paper placed in the opening of the tube ensures
that hydrogen sulphide is not mistaken for CO,.

In the case that carbonates prove to be present in appreciable
quantities, the determination is called for and any of the well
known apparatus may serve for this purpose.

8. If it is desired to determine by chemical methods any of
the enumerated metals or sulphur in either state, this may be
done in a very convenient way in one sample by HILLEBRAND’S
method. The powder is fused with sodium-, or in this case
preferably, potassium carbonate, some nitre being added to
oxidise sulphide sulphur. The cake is decomposed in water and
in the acidified liquid, the sulphate is precipitated with barium
chloride. The insoluble residue is treated with sulphuric acid;
the barium sulphate thus obtained is purified and weighed.
Zirconia is precipitated in the filtrate from barium sulphate
with phosphate, titanium being kept in solution with hydrogen
peroxide. In the filtrate from the zirconia determination, the
rare earths are precipitated together with iron and titania by
sodium hydroxide solution and separated as insoluble fluorides.
Chromium may be estimated, in the aqueous extract of the fused
cake colorimetrically or this may be done in a separate portion
by the same procedure.
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9. Further constituents, for example SO; Cl, F, NiO, CuO,
BeO, B,0j3, V05 etc. might be found in other, usually larger,
dortions by special methods, their determination may become
f prime importance in the analysis of minerals and will be
ireated in a further section.

DECOMPOSITION OF SILICATES.

Various silicates are easily attacked by concentrated mineral
acids either direct or after fusion or sintering. This may be
applied in mineral analysis even for quantitative separations.
For rocks the method ordinarily proves to be unsatisfactory, but
one may have recourse to it for so-called rational analyses where
the amount of a given soluble mineral is to be recorded. In this
case the sample should be prepared in the same way as the
portion for the determination of the alkalies, namely extremely
fine. This procedure may be used also to keep the amount of
alkali salts in an analysis low, by fusing only the residue of an
acid extraction with fluxes e.g. sodium carbonate, provided a
considerable part of the sample is soluble in the acid employed.

The decomposition with acids will preferably be done at ordi-
nary temperature to avoid rendering the silica insoluble. If
heating is employed directly, the silica that is liberated by the
acid would separate on the mineral fragments and protect them
for further attack whilst in the former case only a hydrogel is
formed, permitting diffusion.

Only very few minerals resist attack by hydrofluoric acid;
consequently a specially prepared pure HF is used in silicate-
analysis for various decompositions e.g. for the determinations
of ferrous iron, manganese and phosphorous pentoxide. Silica
cannot be determined after a decomposition with HF, except
when a very expensive Pt-apparatus is available. If this attack
is used in determinations of sesquioxides complete elimination
of fluorine is required as this element interferes with the preci-
pitation of aluminium (making the separation incomplete) and
with the colorimetric comparison for titania. Either HF or
sulphuric acid cause trouble when calcium is present in large
amounts. Complete elimination of HF is obtained by heating with
sulphuric acid until copious fumes are given off, then diluting
with a few ml of water after cooling and again warming till
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fumes appear.

Decomposition by fluxes is widely applicable. The main
portion is generally fused with sodium carbonate or alkali
hydroxide. 2¢) If the latter is used a nickel, silver or gold crucible
has been recommended. Nickel and silver are objectionable;
platinum crucibles are attacked severely by fused caustic alka-
lies. A palau crucible is convenient, but I do not prefer this
method as alkali hydroxides are apt to be contaminated with
foreign matter more readily than carbonates and the fusion is
difficult to carry out in an “analytical” manner.

For alkali-determinations according to the method of Law-
RENCE SMITH the silicate is decomposed with CaO and CaCl,. In
the same portion total iron and silica can be checked. 25) Other
fluxes have been described e.g. calcium sulphate, pyrosulphates,
calcium-, lead- and boron-oxides, ammonium fluoride etc. and
may be valuable in particular cases but the “communis opinio”
is against them and in general they are indeed liable to serious
objections.

For the main portion, fusion with alkali carbonate followed
by digestion with hydrochloric acid is usually the most con-
venient method of bringing a mixture of silicates into solution.
As larger quantities of potassium salts are carried down in
precipitates — especially in the ammonia precipitate and with
magnesium. — than sodium salts, sodium carbonate should be
used; the application of a mixture of soda and potash is very
objectionable in this case. A palau crucible is preferable accor-
ding to WasHINGTON, but one of platinum, if not dented, will
serve also.

PROCEDURE FOR Sopa Fusion.

The clean crucible is heated and placed for 10’ in the open
balance. An amount of 0.5—1.0 g of rock powder (say a gram)
is weighed out accurately. About 1.0 g is advisable for rocks
with 70 % silica and with decreasing silica-content the amount
of powder should be reduced to 0.5 g for 40 %. With these
quantities precipitates will be of a convenient size.

Next a pair of filter papers is placed on the balance pans and
(5 X a 4+ 2) g of anhydrous sodium carbonate is weighed out
to 0.1 g. Most of this is carefully added to the rock powder in
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the crucible and intimately mixed with it, with the aid of a thin
glass rod or platinum spatula, previously somewhat warmed. The
rod or spatula is dry-washed with the rest of the soda and this
is poured evenly on the mass in the crucible.

The crucible is placed above the 3 cm flame of a BUNSEN burner
and the heat is very gradually increased, until the carbonate
begins to melt. The crucible is kept at this temperature for some
time as the reaction will then proceed without much spluttering
and the carbon dioxide is driven off safely. The crucible should
not be enveloped wholely by the flame, an oxidising atmosphere
within it being necessary to prevent reduction of some iron
oxide into the metallic state. This iron would form an alloy with,
and harm the metal crucible, besides escaping determination.
Therefore, if the full heat of the burner is employed, the latter
should be clamped in a direction making an angle of at least
45° with the vertical. These inconveniences are avoided by
using an electric furnace. The crucible is placed in it when cool
and the current is switched on. By either of these methods it is
quite well possible to assure complete decomposition without
excessive spluttering on the crucible lid. Acid rocks yield a
clear mass; however if much iron, magnesium and calcium are
present, the liquid will be turbid. On cooling no “volcanoes”
should form as this indicates that decomposition has been in-
complete. In this case higher temperatures or longer fusion are
required and if need be a few more grams of soda may be added
to obtain a fluid and not merely a half molten or sintered mass.
This last will seldom be necessary.

Ordinarily the cooled mass is of greenish colour due to sodium
manganate and the amount of manganese may be estimated by
this colour.

In powerful electric furnaces, soda-fusions in platinum
crucibles should not be prolonged unduly as caustic alkali is
formed by dissociation of carbonate and the crucible may easily
lose from 2.5 to 10 mg and more in weight. Palau crucibles are
therefore preferable.

By gentle tapping on the bottom of the crucible the melt
ordinarily separates quite readily from it. Distortion, however,
is strictly to be avoided. Rotating the fluid mass to obtain a
larger surface is unnecessary and causes closer adherence of the
melt to the wall, whilst too rapid cooling will be injurious to
the crucible. The best way of cooling is placing the crucible on
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a flat polished stone surface. If this procedure proves to be
ineffective the crucible is half filled with water and gently
heated. The mass now certainly frees itself, the water penetra-
ting between the fused cake and the walls.

The cake is transferred to a platinum basin or silica-glass dish
of at least 400 ml capacity. For most work I prefer fused silica,
not only for its low cost, but also because platinum is likely to
be dissolved in the evaporation of the liquid. Good quality
”quartz” dishes are rather constant in weight even over long
periods and silica only will be affected by a slight error which
moreover tends to be compensated and is altogether unimpor-
tant, whereas for the attack of platinum, corrections ought to
be made. If a platinum basin is used, the melt should disintegrate
wholely in water, a few drops of pure alcohol, preferably
methanol, are added to destroy any manganate and only then
hydrochloric acid may be introduced. Attack of platinum by
ferric salts or by combined action from HCl and oxygen from
the air cannot be avoided during the evaporations. New porce-
lain dishes may be used for all but the most accurate work a
few times until the glaze becomes cracked whilst glass is un-
suitable for this part of the analysis.

The spots on the lid of the crucible are washed with water
drop by drop into the crucible. The solution of the residual parts
from the cake is effected in the crucible and this liquid is poured
into the basin. The lid is next rinsed with HC1 1 : 2 and the
crucible with this liquid is put aside. This order prevents silica
adhering strongly to the walls of the crucible as it is loosened
in the form of water-glass.

The basin is covered with a watch-glass (concave side up-
whards) of resistance-glass. An excess of dilute hydrochloric
acid (1 : 1) is introduced cautiously with a pipette under the
lid. This will dissolve the cake gradually and for the reason
mentioned under “attack by acid” this should take place at
ordinary temperature. When the effervescence ceases, the con-
tents of the crucible are added and larger massesof colloidal silica
are broken up with the platinum spatula or a glass rod. The
crucible is washed with water, heated and weighed. The loss
rarely exceeds 0.1 mg provided the above precautions are taken.

The complete disintegration of the cake should be waited
for and it is useless to try hastening this procedure; by heating,
the opposite effect is