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PREFACE.

THE great progiess in the development of the Artificial Dyestuff
Industry, which has marked the past half-century, has brought
with it an urgent necessity for systematic methods of analysis
capable of being applied not only to dyestuffs in substance but
also to all manner of dyed and coloured materials, such as textile
fabrics, lake pigments, paper, foodstuffs, etc. Though any desired
shade can now be obtained in many different ways, the properties
and fastness of the result will be dependent cntirely on the
dyestuffs selected. Hence arises the need in many industries for
analytical investigation and control.

The methods of analysis here presented are for the most part
the revised and completed results of a series of investigations
conducted by the author, with the assistance of various collaborators,
during the past twenty years! The favourable reception accorded
to these methods by prominent technologists in this and other
countries, and the satisfactory results attendant on their use in the
laboratories of the Leeds University and elsewhere, have encouraged
the belief that they would prove of utility if introduced to a wider
circle of scientific and technical workers In particular it is hoped
that they may afford assistance to the various users of dyestuffs
and dyed materials, such as dyers, calico printers, pigment manu-
facturers, wall-paper printers, and others.

In order to meet the needs of many who are interested in the
application of dyestufts but whose knowledge of the chemistry of
the subject is limited, it has been thought .desirable to preface the
analytical schemes by a short theoretical introduction, especially
froh the standpoint of dyestuff classification. It is hoped thereby

1V J. Svc Chem Ind, 1893, p 3; J Soc Dyers and Cols., 1905, p 236; 1907,
pp. 118, 252; 1910, p 83 ; 1913, p 226.
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vi ANALYSIS OF DYESTUFFS.

to facilitaf> for such readers the comprehension and successful
application of the analytical procedure.

The chapter on the determination of the constitution of azo
dyestuffs has been inserted at the special request of chemists
specialising in this branch. Whilst the methods employed are
those proposed by Witt, Grandmougin, and others, much individual
experience and data have been added.

In conclusion, the author desires to express his thanks to the
various gentlemen who have collaborated with him, and in
particular to acknowledge the valuable services rendered by his
assistants, Mr G. H. Frank, M Se, and Mr A E Woodhead, M Sec.
He is also indebted to the courtesy of many firms of colour
manufacturers who have supplied him with samples of dyestuffs
and dyed materials, notably the Badische Aniline Co., the
Farbenfabriken F Bayer & Co., the Berlin Aniline Co., Messrs
L. Cassella & Co., Messrs R Geigy & Co., Messrs Kalle, Messrs
Meister, Lucius & Bruning, Messrs Read, Holliday & Sons, and the

Society of Chemical Industry in Basle.
A. G G.
Tee UNIVERSITY, LEEDS,
Aprid 1915,
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THE ANALYSIS OF
DYESTUFFS, COLOURED MATERIALS
AND PIGMENTS.

CHAPTER L
INTRODUCTION TO DYESTUFF CHEMISTRY.

DvyEsturrs, whether of natural or artificial origin, are complex
compounds of the element carbon in association with other elements,
more especially with hydrogen, nitrogen, oxygen, or sulphur. They
belong therefore to the class of bodies termed by chemists “ organic
compounds,” and indeed to that particular division of this class
known as “aromatic.”

Dyestuffs, like “aromatic” compounds in general, contain their
constituent carbon atoms arranged in the form of closed chains.
They may be regarded as derived from “closed chain” or
“benzenoid ” hydrocarbons by the replacement of some of the
hydrogen atoms by atoms or atomic groups of other elements.
Thus the hydrocarbon benzene, C;Hg, has the structure,

H
107 Nom
I
HO,,/OH
H
which for simplicity’s sake is frequently written as a plain hexagon.
The replacement of certain of the hydrogen atoms in this colourless
body by suitable atomic groups gives rise to dyestuffs; and these
dyestuffs may contain a single benzene nucleus, or more usually
two or more such benzene nuclei united by certain of the atomic
groups introduced. Furthermore, the hydrocarbon nuclei which
are thus bound together may be those of the same or of different
hydrocarbons. In other words, we may regard a dyestuff molecule
as consisting of one or more chains of carbon atoms, forming the
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skeleton of the system, to which are attached various groups of
other atoms. Upon the structure and position of these atomic
groups the character and properties of the dyestuff mainly
depend, just as in the animal kingdom the life of the organism
depends upon the specific functions of the nerves, muscles, and
other organs attached to the bony skeleton.

Nearly all the artificial dyestuffs, and also all those of natural
origin, are derived from one or other of the following hydrocarbons:

Benzene, C H,, t.c.
G
HC” “\CH N
I I usually contracted to v
C\\\ c /CH
H

Toluene or Methylbenzene, C,H,, ..
CH,
/©
\CH tracted t |
contracteda to
ml,\ / N

CH,

(Also to a smaller extent Xylene or dimethylbenzene, C;H,,.)

Naphthalene, C, H,, ..
H H

c/"\c/c\cn ~
é é contracted to C| |
H A4

Ne / \
H H
Anthracene, C H,, v.c.
H H H
c\c/ c\c/ Ncr A_EA
o 6 éH contracted to [ [T C:l\)
\c/ \c o/ N m
H H H
These hydrocarbons are contained, together with a great variety
of other substances, in coal-tar, the black viscid fluid obtained as a
bye-product in the manufacture of illuminating gas or of metal-
lurgical coke. They are isolated from this material by making
use of the differences in their boiling-points and other physical
properties. Upon submitting coal-tar to distillation, a distillate is
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obtained the first portion of which contains benzene and 1ts home-
logues, toluene and the xylenes. The next fraction is rich in the
hydrocarbon naphthalene; whilst the portion passing over last
contains anthracene. The two latter substances, being solids,
crystallise out from the oils on cooling. The raw hydrocarbons
obtained from these several fractions are purified by sub-
mitting them to redistillation or crystallisation combined with
chemical washing with acids and alkalies. In the pure state,
benzene, toluene, and xylene are colourless volatile liquids,
naphthalene and anthracene, colourless crystalline solids.

From these starting materials the artificial dyestuffs are built
up in successive stages, but we can only take a very cursory glance at
these operations. In the first place, the hydrocarbons are converted
into so-called “intermediate products,” obtained by replacing one or
more atoms of hydrogen by simple atomic groups, such as the amido
group (—NH,), or hydroxy group (—OH) Thus, from benzene 1s
prepared by nitration and reduction amidobenzene or aniline,

NH,

Q

from naphthalene is obtained by sulphonation and fusion with
caustic soda the hydroxy-naphthalenes or naphthols,

OH
(Y () em
NN \/\)
a-Naphthol. B-Naphthol.

From anthracene there is obt&ined by oxidation anthraquinone,

I_C”
- o
from toluene, benzaldehyde,

CH.O

9
and from naphthalene, phthalic acid,
(\cog
lCO2H ) e .
The sulphonic group (-—HSQ) nitro (— NO,), nitroso (—NO), and
halogen (Cl or Br) groups are introduced by treatment of the
original hydrocarbons or of their amido or hydroxy derivatives with
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sulphuric acid, nitric acid, nitrous acid, or halogens respectively.
Dimethylamido (—N(CH,),), diethylamido (— N(C,H,),), and other
substituted amido derivatives are obtained by alkylation of the
amido compounds; diphenylamine derivatives by causing amido
compounds to react with chloro compounds. By the introduction
of two or more of the above atomic groups into the hydrocarbon
nucleus there are obtained diamines, amidophenols, dihydroxy com-
pounds, naphthylamine sulphonic acids, amidonaphthol sulphonic
acids, etc, in which the relative position occupied by the respective
groups plays a very important réle, and isomerism, more especially
in the naphthalene series, becomes a factor of great importance.
These numerous intermediate compounds, like the parent
hydrocarbons from which they are derived, are still for the most
part colourless. They are converted into,colouring-matters when
by further chemical treatment certain other groups of atoms
(chromophors) are introduced and a greater Tomplexity of
structure obtained Thus by the action of nitrous acid upon
aniline hydrochloride there is formed diazobenzene chloride,

VRN
 ON.al

which, also a colourless body, gives upon treatment with
B-naphthol, an orange dyestuff’ (benzeneazonaphthol),

Oy
<O

Again, to take another example, if aniline is condensed with
formaldehyde, the colourless intermediate product, diamido-

diphenylmethane,

is obtained. When this is heated with a further quantity of a
salt of aniline in the presence of an oxidising agent, the deep red
dyestuff Magenta is produced,

Cown
o—/—=<;> - NH,CI
o
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In this dyestuff a single carbon atom derived from the formalde-
hyde unites together three benzene nuclei.

By making use of these and many other similar methods, it is
possible for the colour chemist to build up dyestuff molecules
having almost any required structure, and containing the particular
atomic groupings necessary to produce the desired properties. It
does not lie, however, within the scope of this cursory survey to
enter into the methods of dyestuff manufacture, for further
particulars of which the reader is referred to the special works
on the subject.

RELATION BETWEEN COLOUR AND CHEMICAL CONSTITUTION.

Although the property of colour is usually associated with a
certain degree of complexity of molecular structure, this of itself
cannot be regarded as the cause of colour manifestation, for many
very complex derivatives of “aromatic” hydrocarbons, for example
the tannins, are entirely colourless. The first attempt to establish
a chemical theory of colour was made by Witt in 1876, who
attributed dyeing properties to the simultaneous presence in the
compound of two classes of atomic groups, viz chromophors, or
groups which predispose to colour (for instance, the nitroso, nitro, or
azo groups), and awwxochromes, or groups which intensify the colour
called forth by the chromophor. These latter are the hydroxyl group
(OH), the amido group (NH,), and substituted amido groups. A
compound containing a chromophor only was termed a chromogen :
it might be more or less coloured, but required the introduction of
auxochrome groups to render it a dyestuff. Whilst the above theory
is not entirely superseded, most chemists at the present day attri-
bute the manifestation of colour and dyeing properties amongst
“aromatic” compounds to a peculiar unsaturated condition of
the hydrocarbon ring similar to that occurring in the quinones.
According to this view, all dyestuffs are “ quinonoid ” in structure,
or capable of existence in & “ quinonoid ” form. The two quinones
derived from benzene have the structure:

o
I
N\ —
u/\u and l/ |;3
v N
)

Parabenzoquinone. Orthobenzoquinone.
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whilst those derived from naphthalene have the structure:

o o
I I
AN AN 0
i and Lo
N/ \”/ NN\
o
a-Naphthaquinone. B-Naphthaquinone.

Accordingly, upon this hypothesis we may represent all dyestuffs
as constituted upon the general type:

X
I
7N\ =
o or | I;x
| N
X
Paraquinonoid. Orthoquinonoid.

or by similar formule derived from naphthalene and anthracene.
In these formuls the symbol X stands for simple or complex
atomic groups. Thus, for example, in the formula for Magenta,
already given, the central nucleus,

b o

is quinonoid; and this group is regarded as the source of colour
in all the dyestuffs of the triphenylmethane class. It is therefore
the true “ chromophor ” of this class of colouring-matters.

It is an important fact that many dyestuffs are capable of
existence both in a “ quinonoid ” and a “benzenoid” (non-quinonoid)
form, and may change from one form to the other with alteration
of conditions (solvent, alkalinity, acidity, temperature, etc.). This
transformation is accompanied by a loss or gain of colour, and
may be represented by the general expression:

: i
I
NN = )
Y T Y
X X
Coloured. Colourless.

This tendency to isomeric change serves to explain many ‘well-
known facts, as, for example, the pale colour of picric acid in the
solid state contrasted with its much deeper colour upon the fibre;
the decolourisation of certain dyestuffs of the triphenylmethane
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series by alkalies, c.g. of Alkali Blue; the red salts of the colourless
phenolphthalein ; the colourless solutions given by Rhodamine in
anhydrous ether or benzene, etc. It has probably also an im-
portant bearing upon the fastness of many dyestuffs to light,
soap, and other agencies.

Leuco CoMPOUNDS.

It is a well-known peculiarity of most dyestuffs that they
readily take up hydrogen with the production of colourless com-
pounds. Whilst in the case of the nitro, nitroso, and azo colours,
amido compounds are produced from which the original dyestuffs
cannot be regenerated, all other classes of colouring-matters are
converted with greater or lesser ease into so-called “leuco
compounds.” These are substances (usually colourless) containing
two atoms of hydrogen more than the original dyestuff from which
they are formed, and reconvertible into the latter upon oxidation
These facts receive a ready explanation upon the quinonoid
hypothesis, and may be represented by the general expression :

X
I XH

7/ N_X AN /\XH
(! or | g + H —— | | or L xwm
N N NS N
I XH
X
Dyeétuﬁ'. Leuco CBmpound

In other words, the reduction of the dyestuffs, as of their prototypes
the quinones, gives rise to benzenoid compounds. Only in the case
of the anthraquinone dyestufls are the “ leuco” compounds coloured,
and this is probably to be accounted for by the presence of two
cheomophoric groups in dyestuffs of this class, so that the “leuco”
compound (the word is here a misnomer) still has a quinonoid
structure.

The facility with which the leuco compounds derived from
various classes of dyestuffs are reoxidised to the original dyestuff
varies with their structure, and is probably dependent upon whether
the dyestuff has an orthoguinonoid or a paraquinonoid constitution.!
We 1ind, for instance, that the leuco compounds of the indigoid
dyestuffs, which must have an ortho quinonoid constitution, are

Mat, Col., 1897, p 269.
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readily oxidised by air, whilst those of the triphenylmethane
and indamine series, to which only a para quinonoid constitution can
be ascribed, are stable to atmospheric oxidation and require the
application of a stronger oxidising agent, such as chromic acid,
persulphuric acid, or permanganic acid, to restore their colour.
These differences of behaviour afford valuable assistance in dis-
tinguishing between dyestuff classes, and are made use of in the
analytical tables which follow in later chapters.

The facility with which different classes of dyestuffs suffer
reduction to their leuco compounds is also a variable factor
dependent upon specific structure Thus the triphenylmethane
dyestuffs are less easily reduced than the azines, oxazines, or
thiazines, but more readily than the phthalein or acridine dyestuffs.!
In particular, it is found that dyestuffs containing the quinoline
group and the thiazol group are only reduced with considerable
difficulty, a fact which is conveniently used to differentiate
these classes.

Closely related to the leuco compounds are the “bisulphite”
compounds, & class of bodies which are produced when certain
dyestufls, especially those containing CO groups, are treated with
a solution of sodium bisulphite. These compounds have the
advantage of being soluble in water even when the dyestuff’ from
which they are derived is insoluble, and as they are readily recon-
verted into the parent substance upon steaming or treatment with
alkalies, they are frequently employed in calico-printing in place
of the dyestuff itself. Thus, Alizarine Blue S is the bisulphite
compound of the insoluble Alizarine Blue, Gallocyanine BS the
bisulphite compound of Gallocyanine. A similar principle is made
use of for dyeing and printing, in the employment of alkaline
salts of certain leuco compounds in place of the more sparingly
soluble dyestuffs. Thus in the indigo and oxazine classes soluble
leuco compounds are sold which undergo reoxidation during use.
Those dyestuffs of the “sulphide” class which are brought upon
the market in a soluble form by admixture with sodium sulphide,
may also be regarded as belonging to this category.

1 Cf A G Rota, Chem. Zeit., 1898, p 437; J Soc Chem. Ind, 1898, p. 798.



CHAPTER II
CLASSIFICATION OF DYESTUFFS.

WHILST the structural framework of the dyestuff molecule may be
regarded as primarily responsible for the existence of colour, the
specific properties of the dyestuff, such as shade, affinity for fibres,
fastness, and behaviour to reagents, depend largely upon the
particular atomic groups with which this framework is clothed.
These atomic groups are of two kinds: (#) chromophoric groups,
(b) salt-forming groups, eg. basic, acid, hydroxylic, or sulphide.
Whilst the atomic groupings of the first kind determine the
chemical class to which a particular dyestuft belongs, and hence
its behaviour upon reduction and reoxidation, those of the second
kind are largely responsible for its dyeing properties and the
fastness of the dyed material towards acids, alkalies, soap, milling,
etc. A dyestuff of almost any chemical class may be given “basic,”
“acid,” or “mordant-dyeing” properties by the introduction of
basic, acid, or hydroxylic groups in suitable positions.

From the above 1t is clear that it is possible to classify dyestuffs
by two methods, viz. .—

A. Into chemacal classes according to the specific chromophor
present, or

B. Into dyeing classes according to the method of application.

In the pages which follow, the dyestuffs will be regarded from
these two points of view in turn, whichever we employ as the
primary system of classification, the other may be used for sub-
division,

A. CHEMICAL CLASSES.

The following are the most impoitant classes of dyestuffs,
arranged according to their constituent chromophors . —
I. Nitroso Compounds.—7"ypical grouping :
/\OH 7/\=0
(Uwo o | Jnom
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This is a very small class, mainly represented by mordant
dyestuffs used in calico-printing, such as Fast or Steam Green
(dinitrosoresorcin). Their iron lakes are dark green, the chromium
lakes, brown. Upon reduction, the members of this group are
converted into colourless amido compounds from which the original
dyestuffs cannot be regenerated by oxidation.

IL Nitro Compounds.—7ypical grouping :

o

OH I
(\ or fl/\n
\) A4

NoO, il

NOH

This is also a small class, represented only by yellow dyestuffs
having acid properties. The most important member is Naphthol
Yellow S, a dinitronaphthol sulphonic acid,

OH

sogzOOnoa

No,
Upon reduction, the nitro dyestuffs, like those of the nitroso class,
are converted into colourless amido compounds, incapable of re-
generating the original dyestuff upon oxidation = When heated
with a solution of sodium or ammonium sulphide the colour first
changes to orange, through formation of intermediate nitroamido
compounds, before complete reduction ensues. The solid dyestuff
usually deflagrates when brought into a flame. Those dyestuffs of
this class which do not contain sulphonic groups are readily
volatilised by heat, and give a yellow stain when placed against
white paper in contact with a hot iron. This may be used as a
test for unsulphonated nitro compounds in articles of diet, for

which they are sometimes employed.
III. Azo Compounds.—1'ypical grouping :

BR—N. N——<>—OH (r NH;) or R-NH. N=<>=O (or NH)

(and ortho compounds of analogous type).

This is a very large class of dyestuffs, far exceeding all others
in the number of its representatives, some of which have nedtral,
some acid,"some basic, and some mordant-dyeing properties. It
consists of compounds in which two or more hydrocarbon nuclei
are united by the azo group (—N,—). One, two, three, or
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occasionally four of these groups may be present, the molecular
complexity increasing with their number. The azo compounds of
simpler structure are usually yellow to red in colour, those of more
complex constitution, violet to blue and black. Amongst analogously
constituted compounds with the same number of azo groups, those
containing naphthalene nuclei have a darker colour than those
containing benzene nuclei. Lake formation also tends to increase
the depth of shade: thus the red Chromotropes become dark blue
to black upon conversion into chromium lakes.

By reduction, the azo dyestuffs, after intermediate formation of
very unstable hydrazo compounds, are completely destroyed, being
broken up between the double nitrogen groups into two or more
colourless amido compounds. Thus, to take an example, Crocein
Scarlet 3B, which has the formula

som( Sy 3 o NG
som S

gives upon reduction parasulphanilic acid,

NH,
|
S0.H
paraphenylenediamine,
NH,
AN
¢
NH,
and amidobetanaphthol sulphonic acid,
S0 H NH,

oy

From the products of resolution, the constitution of the azo
dyestuff can be deduced, and this procedure has become a valuable
means for ascertaining the structure of dyestuffs of this class.
Upon the amount of hydrogen consumed during reduction there
has also been based an accurate method of estimating azo dyestuffs
either in solution or upon the fibre, consisting in titration with a
stangdard solution of titanium trichloride! Each azo group con-
sumes four atoms of hydrogen for complete reduction, equivalent
to four molecules of TiCl,.

1 Knecht, J. Soc Dyers and Cols., 1903, p. 169 ; 1904, p 97; 1905, p 292.
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In the case of the azo dyestuffs belonging to the stilbene class,
1.e. azo dyestuffs containing the diphenylethylene group,

Oo-omron>

the intermediate hydrazo compounds are more stable. These dye-
stuffs are consequently not broken up at once, but are first reduced
to intermediate leuco compounds which reoxidise to the original
dyestuff in air, and only upon more prolonged action of the reducing
agent give stable amido compounds (diamidostilbenedisulphonic
acid, etc.). )

Azo dyestuffs containing a second chromophor, such as the
azosafranine colours (Indoin Blue, Janus Blue, Janus Green, etc )
or those of the azothiazol class (Primuline Red, Erica, etc.), give on
reduction the parent amido compound belonging to the azine or
thiazol class (eg. Safranine or Primuline Yellow) or its leuco
compound.

Oxidising agents also effect a splitting of azo dyestuffs into two
or more products, though in this case the azo groups remain intact !
Thus upon dissolving hydroxy azo dyestuffs in cold fuming nitric
acid, a diazo salt and a nitrophenol are produced according to the

general equation :
NoO,

R.N,R".0H + 2HNO, -> R’.N, NO, + R"<
OH

When the phenolic residue contains an easily replaceable hydrogen
atom or sulphonic group, a second nitro group may be simultaneously
introduced. Conclusions can be drawn as to the structure of the
dyestuff, by identification of the nitrophenol obtained, and by
examining the colour reactions given by the diazo salt upon
treatment with various phenols in alkaline solution. The method
is particularly useful as a supplement to the reduction process, in
ascertaining the constitution of azo compounds containing naphthol-
sulphonic acid residues.

Many azo dyestuffs dissolve in concentrated sulphuric acid with
very characteristic colours, which are different from those of their
aqueous or alcoholic solutions. This reaction can frequently be
used to characterise individual members of a series or to distinguish
mixtures. Though no rule can be laid down, the colour of the
solution in concentrated sulphuric acid is largely influenced by the

1 Meldola and Morgan, Trans. Chem Soc., 55, 608 ; 65, 841 ; O. Schmdt, Ber.,
38, 3201 ; J. prakt. Chem., 1912, p 235; Mathewson, Chem. News, 1913, p. 265,
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position of the sulphonic groups in the molécule. A remarkable
illustration of this is furnished by the three scarlet dyestuffs.
Crocein Scarlet, Brilliant Scarlet, and Biebrich Scarlet, which are
all disulphonic acids of the same azo compound, differing only in
the position of the sulphonic groups:

Crocein Scarlet,
C,H,(SO0,H).N,,.C,H, N,.C, H,(0H)SO,H.
Brilliant Scarlet,
C¢H,.N,.CH,. N, C,,H,(OH)(80;H),.
Biebrich Scarlet,
C,H,(SO,H).N,. C,H,(SO,H).N,.C, H,OH).

These dyestuffs all dissolve in water and dye with nearly the same
colour, but in concentrated sulphuric acid the first gives a blue
solution, the second a violet, and the third a green

“ Acid ” azo dyestuffs containing amido groups, are usually more
or less sensitive to dilute mineral acids Thus Methyl Orange,

C,H,(S0,H).N,.C,H, N(CH,),
is changed to red, and Congo Red,
CH,. N,.C, Hy(SO,H)NH,
C¢H, N,.C, H,(SO;H)NH,,
becomes blue.

Azo dyestuffs containing hydroxy groups in which the hydroxy
group occupies the para position to the azo group are sensitive
to alkalies, by which they are changed from yellow to orange, or
from red to maroon. This sensitiveness to alkalies is removed if
the hydrogen of the hydroxyl groups is replaced by an alkyl group
(methyl or ethyl). Thus the dyestuff Brilliant Yellow, which has
the constitution

CH.C,H,(S0,H).N, C,H,.0H
Il
CH.C,H,(80,H).N,.C;H,.OH,
is changed to orange by caustic soda, but upon ethylation is
converted into the alkali-fast dyestuff Chrysophenine,
CH.C,H,(S0,H).N,.C,H,.0C,H,
Il
CH.C,H,(S0,H) N,.C,H,. OC,H,.
Hydroxy azo dyestuffs in which the hydroxy group occupies the
ortho position to the azo group are, however, unaffected by aqu :ous

alkalies, and this constitution is therefore to be preferred, and is
mainly employed.
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Azo dyestuffs which do not contain a salt-forming group, either
acid or basic, are insoluble in water, and in the ready prepared
condition are only used as pigment colours (paper staining, printing,
etc ), and for colouring oils, waxes, and varnishes. They find, how-
ever, a large employment in dyeing and calico-printing when pro-
duced upon the fibre itself (cotton) by applying successively an
alkaline phenol solution (usually B-naphthol) and a solution of a
diazo compound. This method is used, for example, in the produc-
tion of Para Red (from B-naphthol and diazotised paranitraniline)
and of Dianisidine Blue (from B-naphthol and diazotised dianisidine).
Azo dyestuffs of this class have neutral properties, and differ from
the water soluble azo dyestuffs in being soluble in organic solvents.
They are therefore removed from the fibre upon extraction with
pyridine, chloroform, ete. They are also more or less volatile under
heat, a fact which can be made use of to distinguish, for instance,
Para Red from Turkey Red, the colour of the former disappearing
when the fibre is heated over a small flame.

The azo dyestuffs may be conveniently subdivided on the basis
of their dyeing properties into the following divisions:

(a) Basic Azo Colowrs.—A small group represented by Bismarck
Brown, Chrysoidine, Tannin Orange, and by the Safranine-azo
colours (Janus Blue, etc.).

(b) Acid Azo Colours.—A large group to which the ordinary
wool yellows, oranges, scarlets, blacks, etc., belong.

(¢) Mordant Azo Colours.—A group consisting of “acid
mordant” or “chrome” colours, chiefly used for dyeing wool in
shades fast to milling.

(d) Direct or Salt Azo Colours.— Employed chiefly in the
dyeing of cotton and linen.

(¢) Neutral or Pigment Azo Colowrs—Comprises Oil Yellow,
Sudans, Para Red, Dianisidine Blue, etc, and some of the colouring-
matters employed as pigments, such as Pigment Orange R, Helio
Fast Red RL, Pigment Purple, etc.

IV. Triphenylmethane Class.—T'ypicul groupings:

NR,OH o
A A
I and | |
N N

I i
—C— —C—

The dyestuffs of this class have mostly a very brilliant shade,
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red, violet, blue, or green. Its members, of which Methyl Violet,

{ Oneny,

C’-=-‘<:>=N(CH3).,,CI

{ Oneny),

may be taken as a typical representative, may have “basic,”
“acid,” or “mordant” dyeing properties. As a class the triphenyl-
methane dyestuffs, more especially those having basic properties,
are rather deficient in fastness to light. Many of them, such as
the Alkali Blues, Acid Greens, etc., are very sensitive to the action
of alkalies or soap, by which they are decolourised. This loss
of colour is to be attributed to a conversion of the quinonoid
compound into a colourless benzenoid carbinol according to the
general equation -

6 — O

The tendency for this change to occur, which is present in varying
degrec throughout the entire class, is greally diminished by the
introduction of a sulphonic or halogen group in an ortho position
to the methane carbon. The dyestuffs of the Patent Blue series
and some of the Acid Violets possess such an ortho-sulphonic group,
and exhibit in consequence superior fastness to washing and milling.
A similar effect is obtained in the “basic” members (Setoglaucines
and Setocyanines) by the introduction of an ortho-situated chlorine
atom.

The “basic” members of the triphenylmethane class are re-
presented by Fuchsine, Methyl Violet, Malachite Green, Brilliant
Green, Setoglaucine, Setocyanine, Victoria Blues, ete.

The “acid” members comprise Acid Fuchsine, Soluble and
Alkali Blues, Wool Blues, Acid Violets, Acid Greens, Patent Blues,
Ketone Blues, ete. Certain of these (sulphonic acids of betanaph-
thylated rosanilines) exhibit a certain degree of “direct” affinity
for cotton, upon which they give bright greenish-blue shades when
used alone or in admixture with azo salt dyes (Titan Como,
Chlorazol Brilliant Blue, Isamine Blue, etc.).

The “mordant-dyeing ” members of the triphenylmethane class
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are represented by Chrome Violet, Chrome Green, Eriochrome
Cyanine, Eriochrome Azurol, and the Chromoxane colours.

Closely related to the triphenylmethane colouring-matters is the
yellow “basic” dyestuff Auramine, which may be regarded as a
derivative of diphenylmethane. It has the structure:

NG /<_>— (CH,),HC1 v mE.o /< > N(CH,),Cl
I

N ey, N O-NeH,,

This dyestuff is readily decomposed upon boiling with acids giving
an ammonium salt and the colourless tetramethyl-diamidobenzo-
phenone. It also exhibits the peculiar property of producing an
unstable violet colouration upon reduction with zinc dust and an
acid, due to the formation of a quinonoid salt of tetramethyl-
diamidodiphenylcarbinol
V. Pyrone or Phthalein Class.—Typical groupings:
oz )-wmon
VT
This class, consisting partly of “acid” and partly of “basic”
members, comprises some of the most brilliant dyestuffs known.
They are less liable than the triphenylmethane colours to undergo
conversion into colourless carbinol forms, and are hence faster than
the former to alkalies, soap, and milling. The Rhodamines are
“basic” members of the class, represented by the first of the above
general formulee. Thus Rhodamine B has the constitution :

(C,H,),N
l\) é
H, CO,H

The Eosines are the corresponding phenolic analogues containing
the typical grouping shown by the second general formula above.
Thus Eosine A has the congtitution:

Br Br

N—o—"\=0

l o= JBr

éGH‘.COQH
The Acid Eosines, Acid Rhodamines, and Violamines or Fast  Acid
Violets contain in addition to the basic or phenolic groups, also
sulphonic groups (SO;H). The Eosines are capable of yielding
unstable metallic compounds, and in the form of their lead salts

and (\'CI\)

N\ = N(C,H,),01



CLASSIFICATION OF DYESTUFFS—OCHEMICAL, 17

are employed for the preparation of red pigment colours
(“ Vermilionettes ’). More definite “ mordant-dyeing” properties
are possessed by Gallein and the Chromorhodines, the former of
which is used in calico-printing under the name of Alizarine
Violet.

In their behaviour towards reducing agents the pyrone colours
are distinguished from the triphenylmethane dyestuffs by greater
resistance to decolourisation, and when reduced give leuco com-
pounds which are rather more oxidisable by air. In this latter
respect they occupy a somewhat intermediate position between
the para- and the ortho-quinonoid dyestuffs. The violet and blue
members of the class, such as Fast Acid Blue, approach the ortho-
quinonoid dyestuffs in the facility with which their leuco com-
pounds are oxidised.

The Eosines, when not containing a sulphonic group, are readily
taken up from acid media by ether, giving yellow solutions which
become pink on evaporation of the solvent and addition of an
alkali. On the other hand the unsulphonated Rhodamines, being
“basic,” are taken up by ether from a neutral or alkaline solution.
The sulphonated members of both classes are entirely insoluble in
ether. The Eosines, being brominated or iodated compounds, are
further characterised by the evolution of the respective halogen
when heated with concentrated sulphuric acid and oxide of
manganese. Most of the members of the pyrone class exhibit in
solution a more or less pronounced fluorescence.

VI. Acridine Class.—I'ypical grouping :

¥
A

\/'\c/'\)
|

This is a small class of yellow and orange dyestufls, containing
“basic ” members only. They find their chief employment in calico-
printing and leather dyeing. The typical representative of the
class is Phosphine,

H Cl
A4

N
/TN
' ONH,
NN
|
CH(NH,)
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Other members are Acridine Yellow, Acridine Orange, Benzoflavine,
Rheonine, Coriphosphine, Euchrysine, Aurophosphines, ete.

The acridine dyestuffs are somewhat resistant to reduction,
and are therefore not decolourised on the animal fibre by hydro-
sulphite. They mostly exhibit a marked green fluorescence, when
dissolved in concentrated sulphuric acid or alcohol.

VII. Anthracene or Anthraquinone Class.—T'ypical grouping :

CH0

This important class contains “acid,” “mordant,” and “vat-
dyeing ” members, all of which are remarkable for great fastness
to light. The older members of the class, comprising Alizarines,
Purpurines, Alizarine Orange, Alizarine Blue, Alizarine Cyanines,
Anthracene Blues, etc., are “mordant” colouring-matters dyeing
upon aluminium, chromium, or iron. With these mordants very
fast colours are produced, the shades of which vary with the
mordant employed. Thus the typical dyestuff of this class,

Alizarine,
(\::83 \)

yields with aluminium a red, with chromium a maroon, and with
iron a purple. When fixed upon a compound mordant of aluminium,
calciumn, and a fatty acid, it produces the celebrated Turkey Red.
The “acid” members of the class are represented by the Alizarine
Reds (WS, ete.), Alizarine Acid Blue, certain marks of the Alizarine
Cyanines and of the Anthracene Blues, Acid Alizarine Green, Aliza-
rine Saphirol, Alizarine Astrol, Alizarine Irisol, Alizarine Cyanol,
Alizarine Direct Blue, Violet, and Green, Cyananthrol, Alizarine
Cyanine Green, Alizarine Viridine, Anthraquinone Blue, Violet, and
Green, ete. Whilst many of these belong to the class of “acid-
mordant ” dyestuffs, others again are true “ acid” colours requiring
no mordant for their fixation (Alizarine Saphirol series, Alizarine
Direct colours, ete.).

The “vat” dyestuffs of the anthraquinone class, the first of
which was discovered in 1901, are now a numerous and important
division (Indanthrene series, Algol series, Cibanone colours). In
their extreme resistance to light and other agencies they constitute
the fastest dyestuffs known. Many of these compounds have a



CLASSIFICATION OF DYESTUFFS—CHEMICAL. 19

very complex structure containing two or more anthraquinone
residues. For the most part they do not sublime when heated,
and are thus distinguished from the “ vat” dyestuffs of the indigoid
class. Two or three of the simpler members, however, form an
exception to this rule.

All the anthraquinone dyestufls, whether belonging to the
“mordant,” “acid,” or “ vat” classes, exhibit the peculiarity, already
mentioned, of giving colowred leuco compounds. This is to be
referred to the reduction of one CO group to a — CH(OH) group,
leaving the second CO group to assume a quinonoid form :

H OH

A8 A4 Ao

(e — /\«:S:O — e

N o V N o N oomg Y
The leuco compounds are in many cases reoxidised to the original
dyestuff by air alone, but in other cases a stronger oxidising agent
is required. Their colour often differs remarkably from that
of the original dyestuff for example, the leuco compound of the
yellow Flavanthrene is blue, reoxidising in air to yellow. The
application of stronger reducing agents frequently converts the
first leuco compound into a more stable second leuco compound
from which the dyestuff is difficult to regenerate.

VIIL. Azine Class.—Typical grouping :

O
N\ N
AN
This class contains both “basic” and “acid” dyestuffs which
range in shade from red through violet to blue. Whilst the
“basic” members of the class are mainly represented by the
Safranines, Rhodulines, and Spirit Indulines, the “acid” members
comprise the Rosindulines, Soluble Indulines, Nigrosines, and the
recently introduced Wool Fast Blue and Wool Fast Violet.
The typical representative is Safranine:

CHKI/\/N\l/\!cng
NEA AN T
o om,

whilst Perkin’s Mauve, the earliest coal-tar dyestuff, belongs to this
group. Certain “basic” members which are insoluble in water
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(Indulines and Nigrosines) are employed in the form of their salts
with oleie, linoleie, or stearic acids to colour oils and waxes (for
boot polishes, lacquers, printing inks, ete.).

As already mentioned under Class III., “basic” dyestuffs con-
taining both the azine and the azo chromophor, obtained by
coupling diazotised Safranines with naphthols, etc, are employed
under the names of Indoin Blue, Janus Blue, Janus Green, etc.,
chiefly in calico-printing. They exhibit upon reduction a charac-
teristic behaviour, the azo residue being split off and the leuco
compound of the parent Safranine formed, which upon exposure
to air becomes red, or if formaldchyde is present (reduction with
hydrosulphite formaldehyde compounds) violet.

Many red and violet dyestuffs of the azine class exhibit the
property of dissolving in concentrated sulphuric acid to a green
solution, which on dilution with water passes through blue to the
original shade.

Aniline Black is a black insoluble dyestuff which is produced
on the cotton fibre by oxidation of salts of aniline with chlorates
or bichromates It has been shown recently ! that this dyestuff is
a very complex azine. It is insoluble in all solvents and cannot
therefore be extracted from the fibre. Like other azines it is
reduced to a leuco compound which is very rapidly reoxidised by
air. The estimation of Aniline Black on the cotton fibre can be
effected, after removing all finishing materials and other dyestufts,
by determining the nitrogen present by the Kjeldahl method,
using about 5 grams of cloth for each estimation. The percentage
of mtrogen found, subtracting 01 per cent. for that normally
present in the cotton fibre, gives when multiplied by the factor 6 ¢
the percentage of Aniline Black. The Aniline Black can also be
separated from the fibre by dissolving the cotton in cold concen-
trated sulphuric acid and, as soon as solution is complete, pouring
into cold water, when the dyestuff is thrown down as a greenish-
black voluminous precipitate which is filtered off, washed with
water, and dried.

IX. Oxazine Class.—T'ypical grouping:

N N7\
|

* A. G. Green and collaborators, J. Soc. Dyers and Cols., 1913, pp. 105 and 338.
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Chis class is chiefly represented by blue “basic” and “mordant”
dyestuffs, of which Meldola’s Blue,

O\/,/\l__gli@ (CHL)

may be taken as a typical example. This, together with Nile
Blue, Capri Blue, and Cresyl Blue, are “basic” dyestuffs; whilst-
the Gallocyanines, Prune, Gallamine Blue, Celestine Blue, Delphine
Blues, Phenocyanines, Modern Violet, Gallo Violet, Modern Cyanines,
Chrome Azurines, Anthracyanine, Ultraviridine, Gallo Green, ete.,

are “mordant” dyestuffs largely used in calico-printing. Most of
these latter possess “basic” as well as “ mordant ” dyeing properties,
and hence form lakes both with tannin and with chromium salts

They may therefore be termed “ basic-mordant” colours.

X. Thiazine Class.—71'ypical grouping :

(\|/ \/\

.
|

This class, also mainly represented by blue dyestuffs, includes
members of the “basic,” “acid,” and “mordant ” divisions Its most
important representative is Methylene Blue,

N
/\/ \
|

(015{3)21\7\)\S \_N(CHy),

Cl
Azocarmine is an “acid ” member of the class, whilst Indochromine,
Brilhant Alizaiine Blue, and Gallothionine Violet are “ mordant”
dyeing members. The thiazine chromophor is probably also present
in the blue and black dyestuffs of the “sulphide ” class.
XI. Thiazol or Thiobenzenyl Class.—1'ypucal grouping :

O

The most important member of this class is the diazotisable
dyestuff, Primuline,! in which the typical thiazol group is repeated
twice,

SO,H

y cns< >—N c—£>—N 6 >NH.,

v A. G. Green, J. Soc. Chem. Ind, 1888, 7, 179; J. Chem. Soc., 1889, 55,
227.
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This dyestuff dyes cotton directly in primrose-yellow shades, which
when diazotised and coupled with phenols on the fibre can be con-
verted into various other colours (yellow, orange, red, maroon, ete.)
remarkable for their excellent fastness to washing. Thus, the
most used Primuline Red is produced by passing cotton dyed
with Primuline through a solution of nitrous acid (sodium nitrite
acidified with hydrochloric acid) and then through an alkaline
bath of betanaphthol, when the red is at once developed.

Certain other members of the thiazol class (Chloramine Yellow,
Chlorophenine, Thiazol Yellow, Thioflavine S, etc) also possess
a direct affinity for cotton, i.e. are “salt” dyestuffs, but as
they do not contain an amido group, they are not diazotisable.
The dyestuft’ Thioflavine T has “basic” properties, and is used in
calico-printing for the production of pure greenish-yellow shades
with a tannin mordant.

Some members of the class contain an azo group in addition to
the thiazol grouping (eg Dianil Yellow, Erica, Diamine Rose,
Geranine, ete.) These also have a direct affinity for cotton.

The thiazol chromophor is difficult to reduce, and those dyestuffs
containing this group alone are but little affected by reducing
agents or only become rather paler When, however, as is the case
with the developed colours from Primuline, an azo group is also
present, the latter suffers disruption and the yellow parent thiazol
compound remains.

XII. Quinoline and Isoquinoline Class.—Typical groupings -

—CH-CH \~CH=CH
and | l l
—N=— CH \/——CH=N
This class is a small one, comprising only one member used

in dycing, viz. the fast greenish-yellow dyestuft Quinoline Yellow,
which has the constitution .

—CO

COrepem-e—y

CH-CH=N""
The compound itself is insoluble in water and is therefore only
used for colouring varnishes and oils, but its disulphonic acid,
Quinoline Yellow O, is a valuable “acid” dyestuff for woecl and

silk, giving shades fast to light.

Other members of the quinoline class are for the most part
very fugitive to light, and although unsuitable as dyestuffs for
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fibres, find application as photographic sensitisers and in colour
photography (Cyanines, Quinoline Red, Ethyl Red, Orthochrome
Colours, etc.).
The dyestuffs of the quinoline series, like those of the thiazol
class, are resistant to reduction and thercfore difficult to decolourise.
XIIIL. Flavone Class.—Typical grouping :

The representatives of this class at present in use are all
natural dyestuffs and mostly possess “mordant” dyeing properties.
They comprise the colouring principles of Fustic, Weld, Quercitron,
Persian Berries, ete ; thus morin, the colouring-matter of Fustic
wood, has the constitution

N\ s

(o) — 0 —C— OH

L] . Lo
_C0—C(0H)

H

The colouring-matters of other dye-woods, such as those of
Logwood (h®matein), Brazilwood (brazilein), Cutch (catechin),
also contain closely related chromophoric groups. The dyeing
principles generally exist in the fresh dye-woods in the form of
glucosides or leuco compounds  From these substances the
dyestuffs proper are formed during extraction or use. Their
compounds with mordants arc somewhat easily decomposed by
acids, so that they are stripped from the fibre even by dilute
acid solutions, more particularly when dyed upon aluminium or
iron. With mineral acids, Logwood (heematein) gives a character-
istic bluish-red solution, which serves to identify this dyestuff or
to separate it from mixtures

XIV. Indigoid Class.—Typical grouping :

N GO0—C=C—CO—""\
K/\,CO??COV

This class, which until a few years ago was only represented
by Indigo itself and its sulphonic acids (Indigo Carmine), has
beene recently greatly extended. It now contains dyestuffs of
almost every shade (Thioindigo series, Helindone series, Ciba
series, etc.). With the exception of the “acid” dyeing and fugitive
Indigo Carmine, these dyestuffs all belong to the class of “vat”
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colours and arc remarkable for great fastness to light and other
influences. The typical representatives are Indigo Blue,

— CO _ COo —
Orspe-<m ()
and Thioindigo Red,

/\wco>C o <co_| \)

Many members of the class contain chlorine or bromine atoms in
substitution for hydrogen in the nucleus, thus Ciba Blue 2B is
a tetrabromo derivative of Indigo.

The indigoid “vat” dyestufts are insoluble in water, but become
soluble upon treatment with alkaline reducing agents by formation
of alkal salts of the leuco compounds These leuco compounds
are of a pale yellow colour and are readily reoxidised by air.
The dyestuffs are volatile at a high temperature, giving coloured
vapours of a similar tint  Being more or less neutral in properties
they can be extracted from the animal or vegetable fibre by organic
solvents such as pyridine, glacial acetic acid, cresol, aniline, and
(to a less extent) chloroformn. The solubility in pyridine, acetic
acid, and cresol has been used as a means of separating Indigo from
accompanying dyestutls in the analysis of mixed shades on wool.

As already mentioned, a large number of the mmdigoid dyestufts
contain halogen atoms in the nucleus, more especially bromine
(Ciba Blue, Bromindigo, Indigo MLB/4B, 5B, 6B, Brilliant
Indigo, Ciba Violet, Ciba Heliotrope, Thioindigo Scarlet G, etc)
In such dyestuffs the presence of the halogen can be detected by
heating with oxide of manganese and concentrated sulphuric acid

Indigo itself, which still remains the premier blue dyestuft,
though formerly obtained entirely from the indigo plant (various
species of the genus Indigofera) is now manufactured in great
measure synthetically, the starting-point being the hydrocarbons
benzene or naphthalene. It is stated that the world’s consumption
of synthetic Indigo 1s at present 7000 tons of 100 per cent. dyestuff
per annum. On account of the great importance of Indigo in
cotton and wool dyeing a large amount of attention has been
devoted to its analysis, and this subject will therefore be considered
in a special chapter.



CHAPTER IIL
CLASSIFICATION OF DYESTUFFS (continued)

B. DyEING CLASSES.

In the foregoing pages the organic dyestuffs have been considered
from the point of view of their chemical structure, that is, in
relation to the chromophors they contain. 1If, however, we employ
as the basis of classification the respective affinities and methods
of application to animal and vegetable fibres, the dyestutls may be
classed into the following divisions, in each of which will be found
members belonging to more than one chemical class.

I. Basic Dyestuffs.—These are salts, usually hydrochlorides,
but sometimes sulphates or oxalates, of dye-bases. They owe their
basic properties to the presence in the nucleus of amido, alkylamido,
or ammonium groups, such as —NH, -(NCH,), —N(C,H,),,
—NHC;H;, — N(CH,),OH, etc. They dye animal fibres directly
from a neutral bath, but possess for vegetable fibres (jute excepted)
only a small affinity. They are therefore applied to the latter fibres
by previously mordanting the material with tannate of antimony,
o1 sometimes with tannates of tin, aluminium, or iron. This is
effected by steeping in a tannin bath, followed by passage through
a solution of a metallic salt such as antimony potassium tartrate.
In calico-printing, for which dyestuffs of the “ basic” class find their
chief application, a thickened mixture of the dyestuff with tannin
and acetic acid is printed upon the cloth, which is then steamed.
Thisdrives oft the volatile acid, leaving the dyestuff tannate, which
is then converted into the insoluble double tannate of dye-base
and antimony by passage through a solution of an antimony salt.
Other classes of dyestufts, such as the “salt,” “mordant,” or
“sulphide” colours, can, when dyed upon cotton, serve as mordants
for “basic” dyestuffs This fact is frequently made use of in
“topping” colours obtained with the former classes in order to

increase their brilliancy of shade. A similar procedure is some-
25
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times followed in dyeing silk, an “acid” dyestuff being applied
first and a “basic” dyestuft afterwards. The “basic” dyestuffs
can be applied to jute without a mordant and are used extensively
for dyeing this material. In leather dyeing they are also
employed. Salts of the dye-bases with the higher fatty acids,
such as the oleates, linoleates, stearates, resinates, etc, are insoluble
in water but dissolve in hydrocarbon solvents They are used for
colouring oils, candles, varnishes, etc,and in so-called “ dry dyeing.”
The “basic” dyestuffs are also employed in the manufacture of
lake pigments for wall-paper printing, ete., for which purpose
they are usually precipitated as double tannates or phosphates
upon a mineral substratum. They also find employment in the
colouring of a large variety of other articles, as, for example,
confectionery, artificial flowers, ete.

The addition of caustic soda to a solution of a “basic” dyestuff
usually precipitates the dye-base, but in some cases (¢ g. Safranine)
no precipitation occurs. All the “basic” dyestufts readily form
insoluble tannates. The production of a precipitate upon the
addition of a solution of tannin and sodium acetate therefore
constitutes the best test for distinguishing the “Dbasic” eolours
from the members of other dyeing groups.

The “basic ” dyestufts owe their affinity for the animal fibres to the
amido or alkylamido groups they contain, which probably enter into
chemical combination (salt formation) with the carboxy (—CO,H)
groups of the wool or silk proteins They exert their maximum
affinity for these fibres in a neutral or slightly alkaline bath, and
conversely the dyestuff 1s partly stripped again if the dyed fibre is
boiled with a dilute acid Loss of colour upon boiling with a
5 per cent solution of acetic acid therefore formns a suitable test
for distinguishing dyestuffs of this class when fixed upon animal
fibres. Upon vegetable fibres (cotton or linen) it is necessary
before this test can be applied to remove the tannin mordant,
which can be conveniently effected by boiling with dilute caustic
soda saturated with common salt.

II. Acid Dyestuffs.—These are salts, usually sodium salts, of
colour-acids. They owe their acid properties to the presence in the
nucleus of sulphonie groups (— SO,H), earboxylic groups (— CO,H),
or nitronic groups (=NO,H). The large majority of such colour-
acids contain the sulphonic group.

The acid dyestuffs only give precipitates with mineral acids in
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exceptional cases; usually the free colour-acid is easily soluble in
water, and therefore remains dissolved. The “acid” dyestuffs give
no precipitates with tannin and sodium acetate, although certain
of them which contain amido or alkylamido groups in addition to
sulphonic groups (as, for example, Acid Violets, Acid Greens, etc.)
exhibit some “residual basic” properties, so that when the sulphonic
group is sufficiently weighted, as, for instance, by combination with
barium, a precipitation with tannin may occur. This fact is some-
times utilised in the production of lake-pigments from dyestuffs of
this class.

The “acid” dyestuffs dye wool and silk directly from an
acidified solution. Certain of them, notably Acid Violets, Wool
Blues, Quinoline Yellow, ete., will also dye wool to some extent
from a neutral bath, a property which is made use of in the
“single-bath” method of “union” dyeing. For cotton and other
vegetable fibres they have little or no affinity. They find their
chief application in the dyeing and printing of wool and silk, but
are also employed to some extent for colouring cotton and jute
when these materials are not required to be washed (bookbinding
cloths, jute rugs, etc).

In the production of lake-pigments many of the “acid” dye-
stuffs are extensively employed (eg Azo Scarlets, Azo Oranges,
Eosines, etc.), for which purpose they are precipitated upon a
mineral substratum by addition of barium chloride or lead acetate.
Some of the newer dyestuffs of this class, which are specially
manufactured for lake-making, are Lithol Reds, Pigment Scarlets,
Lake Bordeaux, Radial Yellows, Pigment Fast Yellows, etc.

The “acid” dyestuffs owe their affinity for animal fibres to the
sulphonic or other acid groups which they contain, and which
doubtless enter into chemical combination (salt formation) with the
“basic” groups of the wool or silk. For this reason the dyestuffs
of this class are very deficient in fastness to alkalies and soap,
which by neutralising the colour-acid loosen its attachment to the
fibre. Loss of colour upon boiling the dyed material with 1 per
cent. ammonia solution affords therefore a convenient means for
recognising dyestufts of this type. It is to be noted, however, that
in addition to the above-mentioned typical “acid ” dyestuffs, there
exists a considerable number of colouring-matters, which from
their method of application might be regarded as belonging to the
“acid” class, but which possess a higher resistance to alkalies, and
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therefore are but little stripped upon boiling with 1 per cent.
ammonia. They are frequently termed “fast-acid” dyestuffs, and
their greater resistance to alkalies may be referred to their
possessing a supplementary attraction for the fibre in addition to
that exerted by their acid groups. This may be due to the presence
of either (a) basic groups, (b)) mordant-dyeing groups, or (c)
“direct ” dyeing structure.

(@) The influence of residual “basic” properties has been
already mentioned, and is manifested in the greater aflinity for the
animal fibre exhibited by certain Acid Violets, Violamine B,
Brilliant Milling Blue, ete.

(b) Dyestuffs containing hydroxy (—OH) groups in addition to
sulphonic or carboxy groups, frequently possess both “acid” and
“mordant” dyeing properties. They are termed “acid-mordant”
or “chrome” dyestuffs, and occupy an intermediate position between
the ordinary “acid” and the “mordant ” colouring-matters. They
may be applied to animal fibres either from an acidified bath like
ordinary “acid” dyestutls or by means of a metallic mordant (usually
a salt of chromium or copper). In the latter case the dyed fibre
exhibits the superior fastness to alkalies, soap, and milling which 1s
characteristic of colouring-matters of the “mordant ” class. During
recent years the dyestuffs of this category have become of great
importance for wool dyeing, as many of them are capable of
application by the single-bath method (“metachrome” or “mono-
chrome” process), in which the mordanting and dyeing operations
are effected simultaneously by the addition of a chromate to the
dye-bath. This principle has been extended even further by
supplying to the consumer ready prepared chromium or copper
compounds of the respective colouring-matters, which then dye like
ordinary “ acid ” dyestuffs (Mercerol colours, etc ). The detection of
the metallic mordant on fibres dyed with these products requires
special care on account of the small quantity of the metal present.

(¢) Another category of “acid” dyeing colours also possessing
a high degree of resistance to alkalies and milling are closely allied
in chemical composition to the “direct” dyeing cotton dyestuffs
(salt colours). These are the Sulphone Cyanines, Sulphone
Azurines, Milling Red, etc They exhibit a certain affinity for
cotton, though not so pronounced as that of the more typical
“galt” dyestuffs.

III. Salt or Direct Dyestuffs.—These are dyestuffs which dye
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cotton and other vegetable fibres from a neutral or alkaline solu-
tion without the application of a mordant. They dye animal fibres
in a similar manner, and also from an acid bath. Like the “acid”
dyestuffs they consist of salts, usually sodium salts of sulphonic
acids; but whilst in the case of the “acid” dyestuffs it is the free
colour-acid which is taken up by the fibre, the “salt” dyestuffs are
absorbed as a whole The cause of this “direct” affinity is not at
present known, though it appears to be associated with a certain
symmetry of molecular structure, and may be due to an attraction
between the hydroxyl groups of the fibres and the azo or other
chromophor of the dyestuff. It is noteworthy that the affinity of
the “salt ” dyestuffs for cotton is entirely lost when the hydroxyl
groups of the latter are etherified.

The “salt” dyestuffs are mainly used in cotton dyeing and
printing ; also in dyeing “unions” (mixtures of cotton and wool).
Certain of them (such as Bordeaux Extra, Fast Diamine Red, Cloth
Brown, Sulphone Azuiines, Sulphone Cyanines, etc) are employed
in wool dyeing, giving on this material colours of superior resist-
ance to washing and milling. Whether dyed.upon vegetable or
animal fibres, the “salt” dyestuffs always exhibit a certain
tendency to stain white cotton when the latter is boiled with
the dyed material in a weakly alkaline solution. This tendency,
which may be employed as a test for dyestuffs of this class, is,
however, greatly diminished by “after-treatment” of the dyed
material.

A few of the “salt” dyestuffs contain “mordant-dyeing” <.e.
hydroxyl groups (eg Anthracene Red, Salicine Yellow, etc) and
may be termed thercfore “salt-mordant” colours. They are
employed in wool dyeing with a chrome mordant.

The “salt” dyestuffs can be subdivided according to their
chemical structure into the following categories:

(1) Diamine Colowrs, consisting of disazo and trisazo compounds
derived from para-diamido bases (benzidine, tolidine, dianisidine,
phenylenediamine, naphthylene diamine, diamidodiphenylamine,
etc.). These colours are completely reduced by zinc-dust, stannous
chloride, titanious chloride, or hydrosulphites, to colourless amido
compsunds. They include amongst others the dyestuffs of the
Benzo, Congo, Diamine, Dianil, Oxamine, Columbia and Chloran-
tine series.

(2) Thiazol Colours, some of which (Primuline Yellow, Thiazol

i
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Yellow, Chloramine Yellow, etc.) contain the thiazol group only,
whilst others (Erica, Geranine, Diamine Rose, Developed Primuline
colours, ete.) also contain an azo group. The former are but little
affected by reducing agents, whilst the latter suffer reduction of
the azo group, changing thereby from red to yellow.

(8) Stulbene Colowrs, including Curcumine or Direct Yellow,
Mikado Yellows and Oranges, Stilbene Yellows, etc. These
are azo dyestuffs derived from stilbene or diphenylethylene,
CH,~CH=CH-CH, They are reduced to colourless hydrazo
compounds which reoxidise in air to orange, and only upon long
boiling with reducing agents are permanently decolourised. They
exhibit a greater degree of fastness both to washing and light
than the colours of the diamine class.

(4) Derivatives of J-Acid —These are mono and disazo dye-
stufts obtained by coupling diazo compounds with derivatives of
the so-called J-acid (amidonaphthol sulphonic acid 2 - 5+ 7) They
comprise the Rosanthrenes, Benzo TFast Scarlets, Diazo Brilliant
Scarlets, Diamine Azo Scarlets, Dianil Scarlets, Zambesi Reds,
Dianol Fast Red and Blue, Azidine Scarlets, etc. The reds are
distinguished from those of the diamine series (Benzopurpurines,
etc.) by being unaffected by acids. Upon reduction they are
completely broken up and decolourised.

(6) Azoxyamine Colours —These are disazo derivatives of
metadiamidoazoxy compounds. They differ from the other members
of the “salt” class in requiring to be applied to cotton from a
caustic alkaline bath. They comprise the dyestuffs, St Denis Red
or Rosophenine and Milling Scarlet Upon cotton they are
tolerably fast to washing and are not changed in shade by acids

In addition to the above classes, two natural dyestufls, namely,
the colouring principles of Turmeric and Annatto, dye cotton
without a mordant. Also, as already mentioned, the sulphonic
acids of betanaphthylated rosanilines (Titan Como, Brilliant
Chlorazol Blues, Isamine Blue, etc), have a certain degree of
“direct” affinity for cotton. Some brands of these latter are
mixtures with “salt” dyestufts of the azo class.

As already imentioned, the fastness of the “salt” colours to
washing, and in some cases to light, is greatly increased by an
“after-treatment” or chemical modification of the colouring-
matter upon the fibre. Four different methods of “after-treat-
ment ” are in use, viz.:—(«) Boiling in a solution of a chromium
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or copper salt or of a mixture of the two. (b) Steeping in a dilute
solution of formaldehyde. (c) Diazotising and developing with a
phenol. (d) Coupling with diazotised paranitraniline.

The first method is applicable to a large number of diamine
colours, especially the blues, browns, and blacks, which are con-
verted thereby into their chromium or copper salts. The second
is especially adapted to dyestuffs containing in their molecules
resorcin or phenylenediamine residues (Vulecan Black, Benzoform
colours, etc ), the formaldehyde presumably cffecting the union of
two molecules by introduction of a methylene (CH,) group. The
application of the third and fourth methods will be considered
under the heading “ Developed Colours” (Class VL.).

IV. Mordant Dyestuffs.—The “mordant” dyestuffs are a large
and important class of products, partly of natural and partly of
artificial origin, which are characterised by forming stable coloured
lakes with metallic hydroxides. They owe this property to the
presence in the molecule of one or more hydroxyl (— OH) groups.
These groups usually occupy by preference an ortho position to the
chromophor (ve to the azo, oxazine, thiazine, ketonic, or nitroso
group of the dyestuff), or in some cases the hydroxyl group is
para to the latter whilst ortho to a carboxylic (— COOH) group.
To the category of “mordant” dyestufls belong most of the older
natural colouring-matters, such as those derived from Fustic,
Persian Berries, Logwood, Brazilwood, Cochineal, Cutch, ete. It
also includes many of the fastest artiticial dyestuffs.

The various members of the gioup differ greatly in properties.
Some, such as alizarime and h@matein (Logwood), have, when used
alone, but little colouring power, and only develop their colour in
combination with metallic mordants. Others, for example gallein,
are strongly coloured, but when applied without a mordant have
but little affimty for the fibre. Others again contain sulphonic
or carboxylic acid groups in addition to hydroxy groups. They
dye animal fibres like the ordinary “acid” dyestufls, but evince a
much greater degree of fastness to washing, milling, and light
when applied with a mordant, they are termed “acid-mordant”
colours, “chrome” colours, or “acid alizarimes” In many cases
combination with a mordant brings about a complete change of
shade, which may depend on the metal introduced. Thus alizarine
gives a red with aluminium and a purple with an iron mordant;
hematein gives a blue with aluminium and a bluish-black with
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chromium, the red Chromotropes are changed to dark blue or black
by chromium salts or chromates; and with the same mordant the
red Eriochrome Azurol becomes blue.

Whilst formerly the salts of aluminium, iron, and tin were
frequently employed as mordants, most of the modern dyestuffs
of the “mordant” and “acid-mordant ” class are fixed by means of
chromium. This metal, besides giving the fastest lakes, has the
advantage of being easily applied in the form of chromate or
bichromate. In connection with the employment of the “acid-
mordant” colours in wool dyeing, the “single-bath” method of
application has recently gained greatly in importance, the dyeing
taking place in a bath containing a chromate or bichromate
(Metachrome colours, Monochrome colours, Orthochrome colours,
etc.) In other cases the wool is mordanted either before or after
dyeing (see also under “acid” dyestuffs).

Another category of “mordant” dyestufts are those containing
alkylamido groups (—NR,) in addition to the hydroxy groups.
These are chiefly employed in calico-printing for producing fast
violet to blue shades with a chrome mordant, and may be termed
“ basic-mordant” colours (for example the Gallocyanines). They
are distinguished by giving precipitates with tannin and sodium
acetate, as well as with chromium fluoride.

Still another category of “mordant” dyestuffs are related
chemically to the “salt” dyestuffs and hence have a “direct”
affinity for cotton and other fibres. For this reason white cotton
is slightly stained when boiled with the dyed material in a
5 per cent. solution of sodium acetate. They may be termed “salt-
mordant” colours, and are mainly employed for dying wool
(Anthracene Red, Salicine Yellow, Chrome Fast Red, Salicine
Red, etc.)

The most important of the plain “mordant” colours (contain-
ing no other dyeing group) are alizarine, haematein, and Cutch.
The first is largely used for dyeing the important Turkey Red
upon cotton, a complex lake in which alizarine is combined
with aluminium and calcium and also with a fatty acid. Logwood
is now but little used for cotton, though still largely employed in
dyeing blacks upon wool, and as a “topping” colour for Fadigo
(chromium, or copper and iron mordant). Cutch is employed for
dyeing a fast brown upon cotton by oxidation with a bichromate
and copper sulphate. The other natural dyestuffs having
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“mordant” dyeing properties, though formerly of gonsiderable
importance (Barwood, Brazilwood, Cochineal, ete ), have now been
largely replaced by artificial dyestuffs, which are cheaper and
generally faster.

The various classes of “mordant” colours, especially when fixed
upon chromium, exhibit great fastness to alkalies and hence to
washing and milling, whilst their resistance to light, more
particularly i the case of those belonging to the anthraquinone
group, is usually good

The only general method available for distinguishing “mordant”
dyestuffs on the fibre from other alkali-fast colours consists in
seeking the metallic hydioxide In diawing conclusions, however,
care must be taken to exclude other possible sources of metallic
compounds such as zine or calcium chloride introduced 1n “finish-
mg”, chromium from bichromates used 1n “strippimg” shoddy wool,
copper or chromium employed for fixing “salt” colours, bichro-
mates and copper salts employed in the production of oxidation
colours, ete.

The “mordant” dyestuffs are for the most part not stripped
from the wool o1 cotton fibre by boiling pyridine, which may
therefore be used as a means of differentiation or separation from
those “vat” dyestufts and insoluble azo compounds which dissolve
n this solvent.

V Pigment Colours.—Under this heading are classed colours
which are not obtained by dyeing with ready prepared dyestuffs,
but are produced upon the fibre (or upon mineral substrata) by
chemical synthesis The affinity between the colour and the fibre
18 not to be attributed to chemical attractions, but 1s mainly due to
the insoluble state of the coloured compound The dyestuffs are
therefore not stripped from the fibre upon boiling with dilute acids
or alkalies, and are usually very fast to hght The colouring-
matters of this category may be subdivided as follows:

(1) Oxidation Colowrs —The most important of these is Aniline
Black, produced within the cotton fibre by oxidation of salts of
aniline by means of chlorates or bichromates in the presence of an
oxygen carrier, eg. a salt of copper, iron, or vanadium. These
metals remain in part upon the fibre and hence are found in the
ash  From the composition of the latter, conclusions may be drawn
as to the dyeing process that has been employed Thus the ash
from “ Prussiate ” Aniline Black will contain much iron and a httle

3
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chromium, hut no copper; that from an “aged” or “copper’
Black much chromium and copper, but no iron; and that from a
“gsingle-bath ” Aniline Black much chromium, but usually no copper
or iron. Aniline Black is largely employed both in cotton dyeing
and calico-printing. Other colours belonging to this class are
Paramine Brown, Fuscamine, Ursols, Furols, etc. These are pro-
duced on the fibre by oxidation of diamines or amidophenols, and
are employed in calico-printing and in fur dyeing.

(2) Insoluble Azo Colours —The most important of these are
those produced upon cotton by padding the fibre with an alkaline
solution of B-naphthol, C,)H,OH, drying and passing the material
through a solution of a diazo compound, such as diazotised para-
nitraniline, a-naphthylamine, dianisidine, cte., or by printing upon
the naphthol-prepared cloth a thickened solution of these diazo com-
pounds. Para Red, Naphthylamine Bordeaux, Diamsidine Blue,
Chloranisidine Pink, ete, which are produced in this way, ave of
considerable importance in calico-printing, in which they constitute
a distinct style. There has also been recently introduced a series
of colours of remarkable brilliancy and fastness, in which the place
of the B-naphthol is taken by B-oxynaphthoic anilide,

OQgOHNHCon termed commercially “ Naphthol AC.”

The azo colours formed on the fibre are insoluble in water and
are not stripped from the fibre by boiling with dilute alkalies or
acids. Having neutial properties and no chemical attraction for
the fibre, they are removed by hot organic solvents such as pyridine,
benzene or chloroform. They can also be volatilised from the fibre
at a high temperature. The same remarks apply when these
colouts are employed in the production of pigments (Para Red,
etc) by precipitation on a mineral substratum.

VI. Developed Colours.—Under this heading are conveniently
grouped those colours which are produced upon the fibre by the
application of the diazo reaction to colouring-matters already fixed
upon it

In contrast to the colours of the preceding division, which are
formed on the fibre by chemical synthesis from colourless, com-
ponents without affinity for it, the “ developed dyes” are produced
from compounds which are themselves dyestuffs and already in
combination with the fibre. A more complex dyestuff is thus
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built up from a simpler one, and the increase of molecular com-
plexity is accompanied by an enhanced fastness to washing and
alkalies, and .usually by a considerable deepening of shade. Like
the ordinary “salt” colours, developed colours are not removed
from the fibre by organic solvents such as pyridine or chloroform.
They may be subdivided into two classes-

(1) Ingrain Colours.—These are produced by diazotisation of
diazotisable “salt” dyestuffs on the fibre, followed by combination
with a phenol or diamine This process was first applied by Green
in 1887 to the dyestuff Primuline, and consists in passing the dyed
material through a cold acidified bath of sodium nitrite, followed
by a cold alkaline solution of a phenol or diamine. It was sub-
sequently extended to a variety of “direct” dyeing azo colouring-
matters (Diazo Blacks, Diamine Blacks, Zambesi Blues, Oxamine
Blues, Diazo Scarlets, Diaminogens, Rosanthrenes, etc.). In the
case of Primuline the treatment effects a great change of colour
(from yellow to red when developed with B-naphthol), but in most
other cases the shade only becomes deeper or darker, and the chief
object of the process is to increase the fastness to washing. For a
dyestutt to be capable of this treatment 1t must contain a diazotis-
able amido group (—NH,), and the reactions may be represented by
the following general equations-

(¢) R.NH,+HNO,=R".N, OH + H,0.

(b)) R N,OH +R"H.OH=R' N, R” OH + H,0.
B-Naphthol (C, H, OH),resorcin(C;H (OH),),and toluylene diamine
(C,H, (NH,),) are the most frequently used developers. The colours
thus produced are, like other azo dyestuffs, converted upon reduc-
tion into amido compounds. Those derived from Primuline are
reconverted into the latter, and this not being further reducible,
remains upon the fibre as a yellow colour which can be identified by
its capacity for diazotisation and development. On the other hand,
those containing azo groups alone are completely converted into
colourless soluble products.

(2) Coupled Colours.—These colours are produced by passing
the dyed material through a solution of a diazo compound, usually
diazotised paranitraniline. This process is applicable to a number
of “salt " dyestuffs of the disazo and trisazo class, which contain in
their molecules the residues of resorcin or of metadiamines. Such
dyestufls are capable of combining with diazo compounds producing
azo compounds of greater complexity, thus intensifying the shades
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and rendering the colour faster to washing The “ coupling ” process
is mainly applied for the production (usually upon raw cotton) of
fast browns and blacks. A variety of dyestuffs are applicable for
this purpose, amongst which may be named Benzo Nitrol Browns,
Toluylene Browns, Diamine Nitrasol colours, Paranil colours,
Para colours, ete. Upon treatment with reducing agents, “ coupled ”
colours, like other azo dyestuffs, are completely broken up into
colourless amido products.

VII. Sulphide Dyestuffs.—This is a group of dyestuffs of very
complex structure which possess the property of dyecing cotton or
other vegetable fibres directly from a bath containing sodium sul-
phide They are produced by heating various intcrmediate com-
pounds, mostly of the amidophenol class, with alkaline polysulphides
The dyestufts in their free state are insoluble in water, but they
dissolve in an aqueous solution of sodium sulphide, from which solu-
tion vegetable fibres are dyed in shades of remarkable fastness to
washing. Although their constitution 1s not as yet fully ascertained,
1t 1s tolerably certain that they owe their dyemg properties, which
are akin to those of the “vat” dyestufls, to the presence in the
molecule of a chain of sulphur atoms, RS.SR or RSS S S.R.
Such a compound upon reduction in an alkaline medium, e g. with
sodium sulphide, yields a soluble salt of the sulphydrate R.S.Na,
or R 8.8.Na, which when taken up by the fibre regenerates the
original insoluble dyestuff upon air oxidation  These colours
occupy, therefore, an intermediate position between the “salt”
dyestuffs and the “vat” dyestuffs.

Though possessing in common the above-desciibed dyeing
properties, the members do not all contain the same chromophor,
but belong to several chemical classes Thus the black and blue
members contain the thiazine grouping, the purple and maroon
members, the azine grouping, and the yellow, orange, and brown
members, the thiazol grouping Others, again, are derivatives of
anthraquinone and occupy therefore an intermediate position
between the sulphide colours and the anthraquinone “ vat ” colouts.
The most important commercial “sulphide” dyestuffs are those of
the Immedial, Kryogene, Katigenc, Thiogene, Thional, Cross-Dye,
Sulphur, Pyrogene, Eclipse, and Thioxine series. Of specyl im-
portance are the black dyestuffs of these series, which have now
largely replaced Aniline Black in cotton dyeing The blue members
compete with Indigo, whilst the browns are used for dyeing khaki
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and cutch shades. Upon animal fibres the sulphide colours have
up to the present been little used. This is due to the alkalinity of
the dyebath occasioned by the sodium sulphide, to overcome which
several attempts have recently been made. The commercial pro-
ducts are sold either as insoluble powders, requiring sodium sulphide
for their solution, or in a soluble form already containing sodium
sulphide.

The behaviour of the dyed colours upon reduction with hydio-
sulphites depends upon the chromophor present Thus whilst the
black, blue, and violet members give colourless or pale-coloured
leuco compounds, readily reoxidised to the original colour by ai,
the yellow, orange, and brown members remain for the most part
colonred

The chain of sulphur atoms, to which the sulphide dyestuffs
owe theiwr dyeing properties, is somewhat unstable, and under the
influence of strong acid reducing agents, such as stannous chloride
and hydrochloric acid, a part of the sulphur 1s spht oft' as hydrogen
sulphide, which can be readily detected by lead acetate paper.
This constitutes a convenient test for dyestufls of this class, either
in substance or on the vegetable fibre, provided that care is taken
to exclude other sources of hydrogen sulphide, such as protein com-
pounds m “fimshing” compositions, antichlor on bleached cotton,
bisulphites, ete. It should also be noted that certain “salt”
dyestutfs may give this reaction to some cxtent, apparently by
reduction of sulphonic groups.

The “sulphide” dyestutls, probably on account of their high
molecular weight, are insoluble 1n organic solvents, and thercfore
cannot be removed from the cotton fibre by boiling with pyridine,
cresol, or chloroform. They do not sublime from the fibre on
heating.

Though tolerably fast to light, the “sulphide” dyestuffs are
very easily attacked by hypochlorites, which even in weak solution
quickly destroy their colour This peculiarity may be used in
certain cases as a means of difterentiation.

The “sulphide” colours are sometimes fixed by an after-treat-
ment with a metallic salt, usually a salt of copper, chiomium, or
zinc. These metals therefore may be found upon the fibie in
small quantities.

Closely allied to the “sulphide” dyestuffs in their chemical
composition and manner of production, though not m their appli-
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cation, are the recently discovered Hydrone Blues and Violets,
which are derived from carbazol. They differ from the ordinary
“sulphide” dyestuffs in being insoluble in sodium sulphide, and
are dyed from a sodium hydrosulphite solution. They are accord-
ingly classed as “vat ” dyestuffs.

VIII. Vat Dyestuffs.—Under this heading are grouped those
dyestuffs which, being in themselves insoluble in water, are applied
to the fibre in the form of their soluble leuco compounds, followed
by reoxidation by air. Indigo is the typical example of the class
and was until recently almost the sole representative. During
recent years, however, a large number of new members has been
discovered by means of which almost every shade of colour can
now be produced. These colours are remarkable for a high degree
of fastness, not only towards alkalies, acids, and washing, but also
for the most part to light, bleaching, and other agencies. Owing
to the insolubility of the dyestuffs in water they are usually sold
in the form of pastes.

The property of dyeing “in the vat” may be referred to the
capacity of forming leuco compounds of weakly acid properties
which possess an attraction for the fibre and are readily reoxidised
by air. In the case of the “vat” colours belonging to the indigoid
and anthraquinone classes this property is attributable to the

presence in the molecule of>C - O groups, which by alkaline
reducing agents are converted into >C<gH groups or their

soluble alkaline salts. In the sulphide “vat” colours 1t is doubt-
less due to the presence of sulphide groups which yield sulphydro
groups by reduction.

The “vat” dyestuffs may be subdivided according to their
chemical stiucture into the three following categories:

(1) Indrgord Vat Colowrs, comprising Indigo and its halogen
derivatives, the Thioindigo series, the Helindone series, and the
Ciba series. They are dyed from a neutral or slightly alkaline
bath and are applicable to both animal and vegetable fibres. The
reduction is usually effected by means of sodium hydrosulphite,
though in the case of Indigo other reducing agents arc also used
(fermentation vat, zinc-dust vat, etc). The indigoid “v t” colours
are characterised by forming on reduction pale yellow leuco com-
pounds which slowly reoxidise to the original colour on ex-
posure to air, The dyestuffs are readily soluble in pyridine and
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can be extracted from animal or vegetable fibres by this solvent.
Chloroform also dissolves them to some extent. At a high
temperature they are volatile, forming coloured vapours; and by
careful heating may be even sublimed from the vegetable fibre.

(2) Anthraquinone Vat Colowrs, comprising the Indanthrene
and Algol series. They also include dyestuffs (Alizarine Indigos)
which possess a structure intermediate between the indigoid and
the anthraquinone classes ; and, further, certain sulphur derivatives
of anthracene or anthraquinone (Indanthrene Olive, Indanthvene
Black, Cibanone Yellow, Orange, Brown, and Black). The anthra-
quinone “vat” dyestuffs are employed in dyeing and printing cotton
and linen, but as they require for their reduction a strongly
alkaline bath, they cannot be applied to animal fibres (except in
one or two cases). Reduction is almost always effected by means
of sodium hydrosulphite. The leuco compounds are generally
deeply coloured, frequently having a darker colour than the dye-
stuffs themselves  Certain of the simpler members of the class are
soluble in pyridine, whilst others of more complex structure are
sparingly soluble or insoluble. The above-mentioned sulphur-
containing members are differentiated by evolving hydrogen
sulphide when the dyestuff or dyed material is boiled with
stannous chloride and concentrated hydrochloric acid. With a
few exceptions (Helindone Yellow 3G, Algol Scarlet G, Algol
Pink R) the anthraquinone “ vat” dyestuffs are not sublimable, and
the differcnce in behaviour in this respect may be employed to
distinguish them from those of the preceding class.

(3) Sulphide Vat Colowrs —This category is at present only
represented by the Hydrone Blues and Hydrone Violet, which are
derived from carbazol and probably contain the thiazine chromophor.
They are closely related to the ordinary “sulphide” colours, from
which they differ, however, in being insoluble in sodium sulphide.
They are dyed hike the preceding “vat” colours from an alkaline
bath containing sodium hydrosulphite, but are only applicable to
vegetable fibres. They yield on reduction nearly colourless leuco
compounds which oxidise readily on exposure to air  They are
not sublimable, and, like the ordinary “sulphide ” colours and the
sulphiar derivatives of the anthracene class, they are not ex-
tracted from the fibre by pyridine They also evolve hydrogen
sulphide when boiled with stannous chloride and hydrochloric
acid.



40 ANALYSIS OF DYESTUFFS.

SUMMARY.

Table I. facing this page gives a general survey of the organic
dyestuffs based upon the system of classification adopted 1n the pre-
ceding chapters. The total number of individual dyestuffs now in
commerce is very large, and space considerations therefore render
it impossible to give more than a few examples of each division.

It will be seen that the dyestufts at present in use, numerous
though they are, by no means represent all possible classes, for
very many gaps still remain vacant It is probable that in course
of time many of these blanks will be filled, and doubtless also dye-
stuffs with new chromophors discovered. It 1s necessary for this
reason that our analytical schemes should be as elastic as possible
and capable of modification or extension as need may arise.

Some dyestuffs contain two chromophoric groupings, and thus
are capable of being classed in more than one position for examnple,
Indoin Blue 1s both an azine and an azo compound, Alizarine Orange
is a nitro compound of the anthracene series, Indian Yellow is a
mitro-azo compound, Erica and Diamime Rose contain both the azo
and the thiazol groups, whilst some of the anthiacene “vat” colours
contain azine or other groups in addition to the anthracene complex.
In a similar manner, there are dyestuffs which can be classed in
more than one dyeing division thus the dyestufls of the gallo-
cyanine series have both “mordant” and “basic” properties,
whilst some dyestuffs of the “salt” class have also “mordant”
dyeing functions.



CHAPTER 1IV.

THE ANALYSIS OF COLOURING-MATTERS
IN SUBSTANCE.

With the continual progress in the synthetic colour industry
and the rapid increase in the number of dyestuffs in use, the
existence of reliable methods of analysis is of growing importance
It is, for example, essential for the dyer, calico printer, pigment
manufacturer, or other user of dyestuffs, to be able to ascertain
whether certain products supplied by one firm are or are not
identical with products sold under a different name by another
Mere similarity of shade and correspondence in method of
appheation do not suffice alone to establish equivalency It 1s of
equal wmportance to know that the competing articles are
chemically 1dentical, or at least that they belong to the same
chemical class, for upon the chemical constitution of the dyestuff
rests 1ts degree of fastness and other important properties, which
determine its suitability for the purpose in view. The neglect to
chemically control the dyestufts used, and hence the frequent sub-
stitution of one dyestuff by another of similar shade but of
different chemical structure, is the chief cause of irregularity and
faults in manufactured articles, and of failures to comply with
established standards.

Siular analytical problems are also encountered by the public
analyst, who may be called upon to ascertain the identity of a
dyestuft’ used for colouring articles of food, or the chemical con-
stitution of a colourmg-matter for Customs purposes.

The daily appearance of new products and the new names
which are frequently given to old ones render these problems
increasingly difficult.  When, for example, the only known blue
dyestaffs were Indigo, Aniline Blue, and Methylene Blue, it was
a simple enough procedure to decide the identity of a given dye-
stuff of this shade At the present time, with over two hundred

blue dyestuffs on the market, circnunstances are completely changed.
41
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and only a systematic method of analysis based upon chemical
classification will suffice.

The first proposal for a definite scheme of analysis was
made by Witt in 1886,! who gave the individual reactions for
the colouring - matters then upon the market, and proposed to
separate them into groups by their shade, solubility, and behaviour
with caustic soda. A more systematic method was published by
Weingartner in the following year? This depended upon the
classification of colouring-matters as “acid” and * basic” according
as they were precipitated or not by a solution of tannin, and further
subdivision by their behaviour upon reduction with zinc-dust.

Faults in the analytical tables of Weingartner and the appear-
ance of new groups of dyestuffs led the author in 1893 to advance
a more comprchensive scheme of analysis® Whilst retaining
Weingartner’s system as a foundation, he added additional
differentiations which enabled the dyestuffs to be readily divided
into chemical classes, thus placing the analysis upon a sure
scientific foundation. The general principles of this system are
exhibited as follows in Table II.:—

TABLE II
Decolourised by Zinc-dust.
Unaltered by col?::)rtls(g(pl- by
Colour not Col zine-dust or » dust
restored by air olow not only reduced ane aush,
Colour 1estored b * | restored either but changed
ut returns slowly and
on exposure on treatment by an o pattislly. 10 shade
to air. with oxidising oxidising completely
agents agents
AZINES,
OXAZINES,
THIAZINES,
TRIPHENYL- NITRO
INDIGOIDS, | ypo ve vEs | NIPROSO. axp | QUINOLINES, | ANTHRACENE
PYRONES o V1T s THIAZOLS DYES
(VIOLET and PYRONES (RED) AZO DYES
BLUE),
ACRIDINES

An alternative scheme, also based upon differences of behaviour
towards reducing and oxidising agents, was advanced later by

L Watt, Chem. Industrie, 9, 1.
? Wengartner, Chem Zet , 1887, pp 135, 165,
3 Green, J. Soc Chem Ind, 1893, p 3.
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Rota.! In the latter scheme stannous chloride and ferric chloride
constitute the group reagents; but although useful in certain cases
it does not appear to be as reliable as the Green-Weingartner system.

The above methods of analysis have been further supplemented
in recent years by the valuable study of the absorption spectra
of dyestuffs made by Formdnek? which 1s at present being
continued in co-operation with Grandmougin® Porai-Koschitz
and Auschkap have also applied the spectroscopic method to
the examination of dyestuffs upon the fibre.*

The method for the analysis of dyestuffs in substance, which
forms the subject of the present chapter, is based upon the Green-
Weingartner scheme of 1893, which, with the assistance of
A. E. Woodhead, has been remodelled to meet the present-day
requirements. Since the publication of the original scheme an
enormous number of new dyestufls, and even a few entirely new
classes, as, for example, the sulphide colours and the anthracene
vat colours, have appeared in commerce Other classes, such as
the indigoid, formerly consisting of only one or two representatives,
have been largely extended so that these classes now embrace a
large range of dyestuffs of almost all shades. To meet these
changes it has been found necessary largely to recast the form
of the onginal tables, although the same general principles are
still retained. In the first place, the dyestuffs are grouped by
means of their dyeing properties and solubility under four main
headings, namely ~—

I Basic dyestuffs and Basic-mordant dyestuffs (precipitated
by tannin).
II. Salt and Soluble Sulphide dyestuffs (not precipitated by
tannin but dyeing unmordanted cotton).
IIT Acid and Acid-mordant dyestuffs (not precipitated by
tannin and without affinity for unmordanted cotton).
IV. Insoluble Sulphide, Mordant, Pigment, Spirit, and Vat
dyestuffs (insoluble in water).

1 Rota, Chem. Zeit , 1898, p 437.

2 Formdnek, Spektralanalytischer Nachuews kunstlicher vrgamischen Farbsioffe,
2 Aufl, 1908.

3 Grandmougin, Untersuchung und Nachueis organscher Farbstoffe auf spektro-
scoprschem Wege, 1911,

4 Porai-Koschitz and Auschkap, “Spektrophotometiische Bestimmung der
Farbstofle auf der Faser,” Zeut. f. Farben-Industree, 10, 293, 321, 342.
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(

The further separation of the components of each of these four
main groups is effected, as in the original tables, by making use of
their behaviour upon reduction and reoxidation. Instead, however,
of the zinc-dust and hydrochloric acid or zine-dust and ammonia
reagents formerly used, zinc-dust with acetic acid is employed , and
in place of chromic acid, a very dilute acidified solution of potassium
permanganate. By these means greater certainty in the indications
is secured. In order to distinguish the soluble “sulphide ” dyestuffs
from the “salt” dyestufls in Gioup II., and the insoluble “ sulphide ”
dyestuffs from the soluble “mordant” dyestuffs in Group 1V, the
evolution of hydrogen sulphide upon boiling these colours with
stannous chloride is made use of. The same test is employed to
distingwish the “vat” colours of the sulphur class from those of
the indigoid and anthracene classes, whilst the two latter divisions
are differentiated from each other by the colours of their leuco
compounds, those of the former bemg pale yellow, those of the
latter dark coloured The greatest extensions are nccessitated in
Group IV. which comprises the dyestuffs insoluble in water,
since in this table must be included a large body of newly dis-
covered dyestuffs belonging to the “sulphide” and “vat” classes,
together with a considerable number of insoluble azo colours
employed 1 the pigment industry.

Unfortunately 1t 18 an unavoidable result of the intense activity
in dyestuff manufacture which has characterised recent years, that
the analytical tables, which were formerly comparatively simple,
now contain & large number of members in every division. At
the same time a considerable proportion of the names under
which dyestuffs appear are synonyms only, and thus the number
of individuals is not as great as would appear Whilst an endeavour
has been made to enumerate the most important individual dyestutts
in each category, and even to give as far as possible synonymous
designations, 1t is clear that space will not allow of the insertion
of a complete list.

Although in many cases the further subdivision of the members
of a division may be effected by the application of individual
reactions, the insertion of these tests would have rendered the
tables far too unwieldy. Moreover, with the changing state of the
industry a complete differentiation into individual products in all
cases 18 “a counsel of perfection” almost impossible to realise. All
that can be reasonably expected of a scheme of analysis is that
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it should render a correct account of the dyeing and chemical
relationships of the dyestuffs, and indicate in what direction the
equivalent or identical products may be sought.

For distinguishing between the individual dyestuffs falling
into any particular division, the reactions towards concentrated
sulphurie acid, caustic soda, etc, as given in the new edition of
Schultz’s tables! are of great service. Considerable assistance may
be also derived from a spectroscopic examination of the product
carried out in different solvents in the manner described by
Formének,? the results obtained being compared with the tables of
absorption spectra published by the latter author and by Grand-
mougin. As a final resort, when the complete 1dentification of the
individual dyestuff is sought, the product should be dyed quantita-
tively upon wool or cotton side by side with the dyestuff with
which it 18 believed to correspond, and a comparison made between
the patterns in regard to shade and behaviour with reagents. The
complete elucidation of the constitution of an azo dyestuff may be
effected by submitting it to reduction or oxidation and isolating
1ts cleavage products (see Chapter IX) Such a complete examina-
tion is, however, as a rule unnecessary, it is usually suflicient for
practical purposes to know the class to which the dyestutt
belongs

An obvious alternative to testing dyestufls in substance con-
sists in dyemg them upon wool or cotton and then proceeding
with the 1identification on the fibre in accordance with the
methods described 1 Chapters V. and VI. This procedure is
often conveniently employed as a confirmatory or additional
method of analysis

Reagents —In carrying out the described scheme the following
reagents are employed. It 1s important that they should be used
of the strength indicated.

Tannin Reagent.—Solution of 10 grams of tannin and 10 grams
of sodium acetate in 200 c.c of water.

Zwne-dust.—This must not have been kept too long.

Acid Stannous Chloride—~Solution of 100 grams of stannous
chloride in 100 c.c. of pure concentrated hydrochloric acid and
50 cec.of water.

1 Schultz, Farbstofftabellen, 5 Anfl,, 1914,
¢ Formdnek, loc. ctt.
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Lead Acetate —A 5 per cent. solution in water

Acid Permanganate.—A solution of 1 gram of potassium per-
manganate and 2 grams concentrated sulphuric acid in 1000 cc
of water.

Chromium Fluoride Reagent —A solution of 10 grams chromium
fluoride and 5 grams sodium acetate in 100 ¢ c. of water.

Alcokol (95 per cent.).—Ordinary strong alcohol or methylated
spirit.

Caustic Soda (5 per cent).—Solution of 5 grams stick caustic
soda in 100 c.c. of water.

Caustic Soda (1 per cent.).—The preceding solution diluted five
times.

Acetic Acid —5 cc of glacial acetic acid to 95 cc. of water.

Dulute Formic Acid (1 : 100).—1 c.c. of 90 per cent. formic acid
to 100 cec. of water

Dilute Hydrochloric Acid.—5 c.c. concentrated hydrochloric
acid to 100 cc. of water

Dilute Ammonaa (1 : 100).—1 c.c. concentrated ammonia diluted
with 100 c.c. of water.

Aqueous Alcoholic Ammonia —1 ce concentrated ammonia
mixed with 50 c.c. of water and 50 c.c. of alcohol.

Cotton and Wool —Small picces about # to 1 inch square (20
to 25 mm. square) of white mercersed cotton and of white woollen
cloth (plain and chromed). The chromed wool 18 prepared by
boiling for an hour with 8 per cent. of sodium or potassium
bichromate.

Procedure —Division into Tables—This is effected by ascer-
taining the solubility of the dyestuft in water and its behaviour
towards tannin reagent and with unmordanted cotton. Solubihity
is to be defined as complete or almost complete solution in boiling
water The tests with tannin and with cotton are carried out with
a solution containing approximately 1 part of dyestutf in from 100
to 200 parts of water. A similar solution is used for the reduction

»sts. In performing the cotton test a small piece of white
~erised cotton, about § inch square, is boiled in a test-tube for
minute with the dyestuff solution. The cotton is then

and boiled for one minute with dilute ammonia (1 - 100).
ticatment is necessary in order to remove any stain

tton which might be produced by “acid” dyestuffs.

v this test it should be borne in mind that the dis-
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tinction between “salt” and “acid” dyes is not an absolute one,
since some products usually regarded as “acid” dyestuffs have
a weak affinity for cotton.

Prelvminary Tests —Before proceeding to further differentia-
tion, it is advisable to test the dyestuff for metallic compounds
by ignition, flame reactions, borax beads, etc. In the case of a
soluble dyestuff, chromium and copper in particular should be
looked for, and their presence would suggest an “acid-mordant”
dyestuff in association or combination with a mordant. Dyestuffs
of this type are represented, for example, by the Erganone series,
the Mercerol series, the Phenochrome colours, and by Fast Acid
Red RH, Fast Acid Bordeaux BH, and Erio Fast Blue SWR The
presence of a considerable quantity of mineral matter, especially
compounds of barium, calcium, aluminium, or lead, associated with
an insoluble dyestuft would indicate a lake pigment In such cases
the examination should be conducted 1n accordance with the methods
described in Chapter VIII

Differentiation by Reduction and Owxidation.—The reduction
with zine-dust requires to be performed with some care. It is
usually best to add a httle zinc-dust, sufficient to cover the tip of
a penknife, to the hot solution of the colouring-matter contained
in a test-tube, agitate, and then add a few drops of acetic acid (5
per cent.) until decolounisation occurs. In the case of some “basic”
colouring matter a deficiency of acetic acid may lead to precipita-
tion of the leuco base, and consequent failure of the subsequent
reoxidation. The solution when reduced is poured off from
the greater part of the zinc-dust on to a piece of white filter-
paper and exposed to air; filtration is unnecessary, as a little
zinc-dust upon the paper has no injurious effect. If the colour
does not return in a minute or two, the paper is touched with a
glass 10d dipped in the acid permanganate solution. Warming
gently over a flame facilitates the oxidation. In the case of red
“acid” colouring-matters, the paper, after spotting with perman-
ganate, should be held over a bottle of strong ammonia, for a few
“acid” colouring-matters (¢ g. the Eosines) do not show their true
colour whilst acid. Moreover, in the case of Eosines containing
iodine*a brown spot of the latter may be formed with perman-
ganate, but this disappears on exposure to ammonia vapour,
leaving the correct colour of the dyestuff.

Great care must be taken that one is not led astray by secondary
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colourations produced by the oxidation of the diamines and amido-
phenols obtained upon reduction of azo colouring-matters.

Distinction between Acid and Acid - mordant Dyestuffs.~-
Chromed and unchromed pieces of wool (about 1 inch square) are
well wetted out and are placed in a large test-tube with a small
amount of the dyestuff solution, together with water and one or
two drops of dilute formic acid (1 100). The test-tube is heated
to boiling, and then immersed in a beaker of boiling water for a
quarter of an hour in order to enable the mordant to completely
fix the dyestuff’ The patterns ate then boiled with dilute ammonia
(1 100), and the degree of stripping observed by the loss of colour
which the pattern undergoes In the case of black dyestuffs,
aqueous alcoholic ammonia should be substituted for the aqueous
ammonia.

Dustanction between Basie and Basie-mordant Dyestaffs —The
mordant dyestufts of the oxazine class, since they also contain
basic groups, aie precipitated by tannm and hence fall into
Table IV. In order to distinguish them from the true “basic”
dyestufts, their behaviour towards chromium salts, eg a solution
of chromium fluoride and sodium acetate, i1s made use of With
this reagent only those basic dyestuffs give precipitates which
contain mordant-dyeing (hydroxyl) groups.

Test for Sulphide Dyestufts and Sulphur Vat Colowrs —A
small quantity of the solid dyestuft is placed in a test-tube and
covered with acid stannous chloride solution The mouth of the
test-tube 1s closed by a cap of filter-paper closely wrapped round
it, and into the centre of this is placed, by means of a glass 10d, one
drop of lead acetate solution The contents of the test-tube are
slowly heated just to boiling, when a blackish-brown stain of lead
sulphide appears. The brown spot will again disappear upon
boiling the solution longer, owing to the decomposition of the lead
sulphide by the hydrochloric acid evolved. The test requires some
practice, as small quantities of hydrogen sulphide may be evolved
from other sources (impurities in the dyestuffs, ete.) It should
be noted that it is not sufficient to obtain a yellow or pale brown
spot, only a deep brown of almost black and iridescent appeararce
can be regarded as a positive indication. C

Differentratron by Colowr.—The colour designations heading
certain columns in the tables are to be taken to mean the shade
of the dyestuff in aqueous solution. This is frequently not the
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same as the dyed shade, from which the dyestuff receives its
name. Thus, for example, several brands of greens and blues
of the “acid-mordant” class are to be found in Table VI in the
column headed “Violet,” this being the colour of their aqueous
solutions.

Reduction Test for Vat Dyestuffs —A small quantity of the
powder sufficient to cover the tip of a penknife, or the equivalent
amount of a paste, is placed in a test-tube together with a little
1 per cent caustic soda solution and as much solid sodium hydro-
sulphite BASF as of powder. The mixture is warmed to about
80° for five or ten minutes. Vat dyestuffs are dissolved and the
colour of the solution is an indication of the constitution, those
of the indigoid class giving pale yellowish solutions, whilst those
of the anthracene class give more or less deeply coloured solutions.
As confirmatory tests it may be mentioned that nearly all the
dyestufts of the indigoid class, and also some of the anthracene
clags, are soluble n boiling benzene, and that the indigoid colours
sublime on heating, forming coloured vapours, whilst the vat
colours of the anthracene class, with a few exceptions, do not.
The vat dyestuffs of the sulphur class are insoluble in benzene
and do not sublime on heating.

Identificution of DBisulphite Compounds.—Certain insoluble
mordant dyestuffs are rendered soluble in water by combination
with sodiumn bisulphite, for example the S marks of Alizarine
Blue, Alizarine Green, Alizarine Black, and Cceruline They are
distingwished from ordinary “acid-mordant ” dyestufts (sulphonic
acids) by the evolution of sulphuious acid upon boiling with
dilute hydrochloric acid  Upon reduction with acid stannous
chloride these compounds evolve hydrogen sulphide, and hence
might be confused with sulphide dyestuffs.

Detection of Halogens —The presence of halogens in the nucleus
of organic dyestufls, for example bromine in Ciba Blue and in
Eosine, and 10dine 1 Rose Bengal, may be detected by heating
the dyestuff with concentrated sulphuric acid and manganese
dioxide

* Distinction between Sulphonated and Unsulphonated (Phenolic)
Acid Dyestuffs.—This is effected by shaking the acidified solution
with ether, in which only the dyestuffs of the latter type (for
example the Eosines) are soluble.

Mixtures —A considerable proportion of the dyestuﬁ;bmnds
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oceurring in commerce are mixtures of two or more products.
When one of these products is present in small quantity only,
being added by way of a shading constituent, the reactions of the
main product may not be appreciably obscured. Also in the very
frequent cases in which the mixed dyestuffs belong to the same
chemical class, no difficulty in ascertaining this class will be
presented. If, however, the mixture consists of products belonging
to different classes, a separation of the constituents should be
attempted. The following methods are available for the recognition
of mixtures, and in some cases for their separation

Sprinkling Test —(1) A little of the solid dyestuff’ held upon
the tip of a penknife or on a small card is blown suddenly over
a piece of wet filter-paper placed in front. Upon examining the
paper, streaks of varying hue will be discerned 1f the product is
a mixture of dyestutfs differing considerably in shade If the
result is negative the experiment should be repcated with filter-
paper moistened with alcohol instead of with water (2) A very hittle
of the powder is lightly dusted over the surface of concentrated
sulphuric acid contained 1 a clean white porcelain dish, and the
colour of the separate dissolving particles is carcfully noted
Owing to the fact that many dyestufls dissolve in concentrated
sulphuric acid with very characteristic colours, which are often
quite different from that of their aqueous or alcoholic solutions,
mixtures may be frequently detected which are unrecognisable by
sprinkling on paper. For example, a mixture of a Xylidine Scarlet
with a Crocemn Scarlet could be readily detected owing to the fact
that the first dissolves in concentrated sulphuric acid with a red
colour, the latter with a blue colour, although in water they have
nearly the same shade.

Capillarity Test —The extent to which dyestuffs diffuse upon
filter - paper varies considerably, and upon these differences
Goppelsroeder has based a method of distinction and separation
which is of frequent service. The solution of the mixed dyestuffs
is allowed to drop from a pipette upon thick filter-paper, when
the formation of two or more coloured zones may often be observed.
These zones can be further separated by subsequently allowing
one or two drops of distilled water to fall into the centre of the
spot. After drying, each zone is cut out and extracted with water.
Another method consists in allowing strips of filter-paper to hang
over glass rods with their lower ends dipping into the dye solution,
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the whole being covered with a glass bell-jar. The constituent
dyestuffs then rise by capillary attraction to varying heights upon
the paper strips.

Separation by Solvents —Use can be often made of differences
in solubility in the constituents of a mixture towards various
organic solvents, such as alcohol, amyl aleohol, chloroform, ether,
benzene, etc. The substance may either be extracted in the solid
state, e g with alcohol, or the aqucous solution may be shaken out
with an immiscible solvent  For example, a mixture of soluble
Nigrosine and Metaml Yellow (used for colouring boot-creams) is
readily separated by extracting the powdered dyestuft’ with 95 per
cent. alcohol, which dissolves the Yellow and leaves the Nigrosine.
In extractions from the aqueous solution with a solvent such as
ether (a method recommended by Rota) the state of acidity or
alkalinity of the solution may be employed as a basis of separation.
Thus phenolic dyestufts (Eosines, Martius Yellow, ete.) are extracted
from an acidified solution, “basic” dyestuffs from an alkaline solu-
tion, “acid ” dyestufls containing sulphonie groups usually not at
all.  Again, owing to the varying facihity with which the free
bases ate liberated from their salts, a separation can be eftected, for
example, of a mixture of the three “basic” dyestuffs Rhodamine,
Magenta, and Safianine. Upon shaking the aqueous solution of
this mixture with ether, the Rhodamine base is extracted (giving
a colourless ethereal solution). On then adding ammonia and
extracting again, the Magenta base is taken up. Finally, the
residual aqueous solution gives up the Saframne base to ether
after addition of caustic soda.

Separation by Dyeing—The separation of “acid” dyestufls
can frequently be effected by fractional dyeing upon wool or silk
from the aqueous solution acidified with acetic or formic acid.
A large number of small picces of wool are dyed in succession
from the solution until the colour is exhausted. All those
patterns which have the same shade, are extracted together by
boiling dilute ammonia (1 : 100), the solution so obtained is again
dyed upon wool and the operation repeated. The extraction is
also carried out fractionally, the residual colour being separately
extracted and redyed.

Separation by Adsorption —It has long been known that
mateiials such as kaolin, kiesclguhr, asbestos, etc., exert an
affinity for certain colouring-matters. Upon this fact Chapman
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and Sicbold! have based a method of separation. The dyestuff
solution about 1 gram per 1000 c.c., is shaken with kaolin (china
clay), using 5 grams of the latter to 20 c.c. of the solution, and the
mixture is then filtered upon a Buchner funnel. The behaviour of
some typical dyestuffs is given in Table III.

TABLE III

Precipitated
on the kaolmn

Partially taken up

by the kaolin, but

m part redissolved
on washing
with water

Not precipitated.

CONGO RED,
SAFRANINE,
MAGENTA,
NEUTRAL RED,

BRILLIANT GREEN,
MEIHYLENE BLUE,
BISMARCK BROWN,
CRYSTAL VIOLET,
METHYL VIOLET,
AURAMINE

MALACHITE GREKN,

ACID GREEN,
PALENT BLUE,
SOLUBLE BLUE

ACID MAGENTA,
EOSINE,
ERYTHROSINE,
FLUORESCEIN,
METHYL ORANGE,
ORANGE 1T,
ORANGE IV,
PONCEAU 4R,
BORDEAUX R,
TARTRAZINE,
NAPHTHOL YELLOW,
NAPHTIHOIL GREEN,

INDIGO CARMINE

Detection of Artificial Dyestuffs in Articles of Food.

At the present time artificial dyestuffs are very largely used for
the colouring of various dictic products, such as jams, jellies, fruit
syrups, beer, liqueurs, lemonade, confectionery, cakes, milk, butter,
margarine, cream, cheese, macaroni, dried fish, sausages, etc.  Whilst
in some countrics, as, for example, the United States, only an
approved list of selected dyestuffs is permitted, in other countries
certain specified dyestuffs alone are forbidden, and in others, again,
there is no legal restriction. Expert opinions differ widely as to
how far artificial dyestuffs are injurious to health, and even as to
which dyestuffs are objectionable? Experiments secem to show,
however, that only those dyestuffs which are basic in charactar
(such as Safranine), and those containing mitro groups, cap be

! Chapman and Siebold, Analyst, 1912, p 339.
? Hesse, Coal-tar Colours used wn Food Products (Bull. US. Department of

Agriculture, No. 147, 1912).
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regarded as definitely toxie, whilst the introduction of sulphonic
groups mainly or entirely removes this toxicity. It may therefore
be safely asserted that “acid” dyestuffs containing sulphonic groups,
with few if any exceptions, are harmless for dietic purposes when
used in the small quantities required. It is, however, desirable that
dyestuffs employed for colouring food should be free from mineral
impurities such as lead and arsenie, which are occasionally found in
considerable quantities in commercial dyestufts.

The investigation of dyestufls present in articles of diet 13 best
effected by transferring the dye to white wool, which in the case of
“acid ” dyestufts (with which one is mainly concerned) can usually
be readily effected. Employing the procedure of Sestegni and
Carpentieri! the operation is conducted as follows—100 ce of
the coloured liquid (alcohol if present having been boiled off), or 50
grams of the solid or semi-solid material mxed with an equal weight
of water, is acidified with 1 ¢ ¢ of concentrated hydrochlorie acid and
gently boiled for five or ten minutes with a small piece of white
woollen cloth. The wool 1s rinsed in water and (in order to
remove vegetable colours) is warmed for a few minutes with very
dilute hydrochloric acid. It is then boiled for two or three minutes
with dilute ammoma (1 100), which extracts the “acid” dyestuftt,
leaving a swmall amount of vegetable colour behind on the fibre
The coloured solution obtained is aciditied with hydrochloric acid
and boiled with a second piece of wool smaller than the first. The
dyed wool may then be subjected to identification tests in the
manner described in Chapter V., or the colour may be again
stripped with ammonia and the dyestuff examined in solution If
the colour is still insufliciently pure, the transference to wool and
restripping may be again repeated.

The presence of Eosines, Phloxines, ete,, in food materials, such,
for example, as preserved cherries, may be readily ascertained by
acidifying the materal and extracting it directly with ether or
chloroform  On evaporation of the solvent and rendering alkaline
with ammonia the Eosine is obtained, and can be further identified
by the usual tests and by dyeing on silk.

Basic dyestuffs in food materials are identified by transferring
to tannin-mordanted cotton and afterwards removing from the
cotton by treatment with saline caustic soda in the manner described

1 Sestegni and Carpentier:, Zetsch. Anal. Chem., 1889, 28, 639.
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CHAPTER V.

THE IDENTIFICATION OF DYESTUFFS ON
ANIMAL FIBRES.

TuE ready identification, by an examination of a textile material,
of the dyestuff or dyestuts with which 1t has been dyed or printed
is a problem which at the present day is associated with great
dafficulties. Twenty-five or thirty years ago the number of dye-
stuffs was so small that their 1dentification by an expert was a
simple enough matter, for the shade alone would usually give a
sufficient indication ~ With the enormous increase both in individual
colouring-matters and in new groups of colouring-matters, their
detection has been rendered both more necessary and greatly
more difficult, since 1t is now possible to produce any shade in a
large variety of ways. The fact that the fastness of such a shade
for the purpose in view will depend upon a suitable choice of the
dyestuft or dyestuffs rvenders 1t paiticularly mmportant for the
dyer, in mateching a sample submitted, to be able not only to match
the shade, but, if necessary, to select the same or similar dyestuffs.
It 18 also a desideratum for the merchant to be able to ascertain
whether the colour of the material dyed for him is always of
constant composition, whether the shade dyed by one firm is or is
not a chemical mateh for that dyed by another, and other similar
problems. Although an extensive series of tables have been
published by Schultz, Lange, Knecht and Lowenthal, Rawson,
Lunge, Gnehm, Heermann, and others, giving the reactions towards
acids, alkahes, ete,, of the individual dyestuffs on the fibre, there is
yet required a systematic analytical scheme without which such
tables are of little use A scheme of this kind should be capable
¢f referring the dyestufl’ to its chemical group, after which the
particular brand may, if necessary, be ascertained by comparing
the individual reactions with the published tables. In very many
cases, however, suflicient information for the practical dyer would

be gained by knowing the group to which the dyestuft belongs.
66
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Whiist we may limit ourselves in the commencement to the
consideration of single dyestuffs (or mixtures of dyestuffs of the
same class), yet it 18 an absolute essential for any scheme of analysis
that it should be capable of extension to all the mixtures which
may be encountered in practice. For this reason, only those
chemical properties can be employed as group reactions which
depend upon general differences in chemical structure rather than
upon individual peculiarities, so that dyestuffs of the same family
shall be grouped together irrespective of shade. Another reason
why this principle alone can prove satisfactory is, that the scheme
must be capable of referring to their respective chemical and dyeing
groups the many new colouring-matters which are constantly
appearing and whose individual reactions are still unknown

As already explained in Chapters IT and III, dyestufts may be
classified in two ways either according to their dyeing properties,
viz, whether “basic,” “acid,” “salt,” “mordant,” “vat,’ etc ; or
according to their chemical stiucture, that 1s, according to the
chromophor they contain, eg., whether they belong to the nitro,
nitioso, azo, triphcnylmethane, azine, oxazine, thiazine, acridine,
pytone, anthracene, or other groups. In the scheme of analysis
here presented, use 1s made, in the first place, of tests for ascertain-
ing the dyeing property of the dyestuft’ on the fibre, such tests
(so-called “stripping tests”) being an inversion of the respective
dyeing process. In the second place, in order to ascertan the
chemical relationship of the dyestuft, there is employed a modifica-
tion of the method described in Chapter IV. for the analysis of
dyestuffs in substance, and which depends upon the difference
in their behaviour when submitted to reduction and reoxidation
Whilst nitro, nitroso, and azo compounds are completely destroyed
on reduction, those dyestuffs which may be regarded as having an
ortho quinonoid structure give leuco compounds which are readily
oxidised by air to the original dyestuff, and those to which a para
quinonoid structure is attributable give leuco compounds stable to
air, but reoxidised by acidified permanganate or chromic acid. A
still further group of dyestuffs is very resistant to reduction,
whilst those of the anthraquinone class are distinguished by glvmg
colowred leuco compounds.

These reactions can be satisfactorily performed upon the wool
or silk fibre if sodium hydrosulphite is used as the reducing agent
in place of zinc-dust, whilst potassium persulphate is employed in
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place of permanganate as the oxidising agent. Contrary to what
might have been anticipated, the leuco compounds formed remain
in great part attached to the fibre, whilst the splitting products
of the azo dycstuffs can be entirely 1emoved therefrom by washing.
The reactions are therefore i many cases sharper than when
carried out i substance, as there 18 no disturbing factor due to
secondary oxidation products

The followmng is the general behaviour of the various chemical
classes of dyestuffs upon animal fibres towards reduction and

oxidation ~—

Decolounised by Hydiosulphite Not decolour-
1ed, but
changed 1n
Colour not If)ot]nltlered shade
Colom restored 1estored by Colour not yllbl” z? Original colour
on exposuie air, but on restored erther sulphite restored by
to an. oxidation with by air o1 by air or by
persulphate persulphate, persulphate
PYRONE,
ACRIDINE,
JIN QUINOLINE MOST
AZINES NILRO ?
(PXA'/:I\JE'S TRIPHENYL. NI’l‘ROS;) AND THIAZOL DYESTUFFS
TUIAZINES MELHANE AND AZO GROUPS OF THE
INDIGOIUS‘ GROUP, GROUPS SOME MEM- ANTHRACENE
BERS OF GROUP
ANITUHRACLNE
GROUP

Having ascertained both the dyeing character and the chemical
relationship of the colourmng-matter, and taking the shade also
mto consideration, the question is usually narrowed down to a
single representative or to a choice between a few closely related
dyestuffs. In order to distinguish between these the behaviour
with concentrated sulphuric acid, strong hydrochloric acid, or
caustic soda can be employed. For final confirmation it is well to
compare the sample both as to shade and reactions with a dyed
pattern of the dyestuff to which it is believed to correspond In
the appended tables the subdivision of the groups has, owing to
exigencies of space, being usually omitted For the same reason
the list of individual dyestuffs mentioned under each division is of
necessity incomplete, only typical members being given These
lists must therefore only be regarded as a guide and not as a
complete enumeration of all colouring-atters belonging to the
respective groups.
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It should be remarked that the same degree of definiteness
cannot be expected as in a system of inorganic analysis, and some
variation will be found in the sharpness of the indications with
individuals of the same class. A little practice and experience
therefore will be required before absolute certainty can be obtained.
It may also be pointed out that whilst many commercial dyestuffs
are single chemical compounds, others are not infrequently mix-
tures, sometimes even comprising members of two different groups.
Thus, some of the brands of direct cotton blues are mixtures of
“acid ” dyestuffs of the triphenyl-methane class with “salt” dye-
stuffs of the disazo class. Such mixtures will therefore exhibit the
reactions of both classes.

In the appended tables all the possible groups of dyestuffs are
considered, although in individual instances many of them would
be at once excluded on account of the nature of the material or
its shade. In such cases, therefore, the analytical scheme may be
much simplified.

Reagents — The following reagents are employed It is
important that they should be used of the strength mdicated —

Dilute Ammonia (1 - 100).—1 cec. concentrated ammonia to
100 cc. water (soft or distilled).

Aqueous Alcoholic Ammonwa —1 ce concentrated ammonia to
50 c¢ strong aleohol or methylated spirit and 50 ¢ c. water.

Dilute Acetic Acid (5 per cent)—b c.c. glacial acetic acid to
95 ce water

Dilute Alcohol (1.1).— 50 c.c. strong alcohol or methylated
spirit to 50 ce. water

Dilute Hydrochloric Aeid (1.10)—10 cec. concentrated hydro-
chloric acid to 100 cc. water.

Caustic Sodw (10 per cent.).—10 grams solid caustic soda in
100 c.c of solution.

Hydrosulphite B.—50 grams of Hydrosulphite NF concentrated
(Meister), Hyraldite C extra (Cassella), or Rongalite C (Badische),
1¢ the formaldehyde compound of sodium sulphoxylate, dissolved
in 500 c.c of water and acidified with 2 c.c. of acetic acid. Only
used for yellow and orange colours.

Hydrosulphite AX.— Dissolve 50 grams of Hydrosulphite
NF concentrated or Rongalite C in 150 cc of hot water Add to
the hot solution (at 80° or 90° C) } gram of anthraquinone
(precipitated not sublimed) which has been previously ground to a
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fine paste with a little of the solution, and dilute the whole to
500 c.c. with cold water. The solution should always be slightly
alkaline to litmus paper. It may become acid on keeping

Persulphate —A cold saturated solution of potassium persulphate,
or a 1 per cent solution of ammonium persulphate. If the solution
is alkaline it should be carefully neutralised with dilute acid.

Sodium Acetate (5 per cent.).—5 grams crystallised sodium
acetate in 100 cc. water.

Procedure.—General.—The reactions are performed in test-tubes
with pieces of the material about } to ¢ in. (12-18 mm ) square,
which are covered to 1 to 11 in (25-35 mm ) deep with the reagent.
The tests should be carried out exactly as deseribed. Except when
specially stated, the reagents are to be applied 1 succession to fresh
portions of the material. In making “stripping tests” the degree of
stripping is judged by comparing the depth of shade remaining
against that of the original pattern the colour of the stripping solu-
tion 1s misleading and can scarcely be relied upon as a guide. When
a fabric is composed of two or more differently coloured threads,these
should be removed and tested separately It 1sfound advantageous
in boiling with dilute acetic acid and dilute ammonia to repeat the
extraction, as a better stripping is thereby obtained, and any stain-
ing of the white cotton by acid dyestuffs which may occur on the
first extraction is removed by the sccond. In testing with dilute
ammonia or sodium acetate, the material is placed in a test-tube with
a somewhat smaller piece of white mercerised cotton cloth, and
boiled for the time prescribed If the shade is a pale one, the size
of the sample should be increased and that of the cotton diminished
The dilute ammonia is replaced by aqueous alcoholic ammonia in
the case of the violet and black dyestuffs (Tables X. and XIV.), as
in these cases the acid dyestuffs are less easily extracted. On
boiling with sodium acetate solution, white cotton is appreciably
stained by salt dyestuffs after ome minute, by salt-mordant
colours after fwo minutes. In making reduction tests, the sample
is boiled for from one-quarter to one minute with the hydro-
sulphite, then rinsed thoroughly under the tap and allowed to
lic on white paper for an hour or so. With most dyestuffs
which Yorm air-oxidisable leuco compounds, the colour returns
immediately or in a few minutes. The reaction is accelerated
by exposing the pattern to ammonia vapour. If the colour
does not return, the pattern is heated to boiling in a test-tube
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with a little water, and potassium persulphate is added drop by
drop, carefully avoiding an excess. If this also fails to cause any
return of colour, the dyestuff is to be regarded as an azo, mitro,
or nitroso compound The depth of the restored colour varies
greatly in different cases, whilst with some dyestuffs the colour
reappears with nearly its original depth, with others (probably on
account of the greater solubility of their leuco compounds) the
restored shade is much paler Safranine and 1ts azo derivatives
yield on reoxidation of the leuco compound a violet colour  This
is duc to the condensation of the leuco-safranine with the formal-
dehyde present in the Hydrosulphite NF.

Doubt may sometimes arise as to how a particular shade should
be classified, whether, for instance, a reddish blue is to be regarded
as a blue or as a violet  In such cases the tables referring to both
colours should be consulted: this can scaicely give rise to confusion
since the same general scheme is employed throughout the tables
The same remark applies to possible mixtures, thus, in examimng
a green shade, not only the green table, but also the blue and
yellow tables may be required

The reactions given in the analytical scheme have special
reference to the wool fibre, but with slight varations in some cases
will apply also to silk.

For reactions distinguishing individual dyestuffs of the same
group the reader is referred to the Furbstofftabellen, by G Schultz
(5. Aufl), and to Hecrmann’s Kolorestische und Textilchemusche
Untersuchungen. For additional confirmation it is well to com-
pare the sample both as to shade and reactions with a dyed pattern
of the colouring-matter to which it is believed to correspond

Preliminary Tests—Before commencing the systematic ex-
amination it is advisable to ascertain, by boiling the pattern in plain
distilled wate1, whether 1t contains unfixed dyestuffs, or finishing
materials, which, if present, should be removed. It is also recom-
mended to make a rapid provisional test for metallic mordants,
which is conducted as follows —

A few fibres are burnt in the Bunsen flame. If any ash is left,
1ts colour 1s observed and its behaviour on ignition.

Al: White ash, incandescent when heated.

Sn  White ash, yellow and very incandescent when heated

Cr Greyish-green ash, yellow borax bead

Fe. Reddish-brown ash.
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In drawing deductions from any of the above indications it
should be borne in mind that metallic oxides may be present
which have no relationship to the dyestuff, as, for instance, chromium
oxide in stripped shoddy wool and stannic oxide in weighted silk.

Tests for Acid and Salt Dyestuffs—The difference between
these two classes is rather a gradual than an absolute one.
Accordingly, it is sometimes difficult to decide whether a sample
belongs to one or the other group. Most of the typical “salt”
dyestuffs stamn cotton strongly when boiled either in dilute
ammonia or sodium acetate solution, but a few (such as the
Sulphon colours) only stain feebly and upon prolonged boiling
On the other hand, whilst most acid dyestuffs do not stain cotton
from boiling dilute ammonia, there are one or two which exhibit
this propeity to some extent (such as Fast Red A and Wool
Red B).

The stripping of acid colours on boiling with dilute ammonia
also varies considerably in degree. Thus, whalst most acid dyestutls
lose much colour under the conditions employed, a few, such as
Milling Yellow and somec of the brands of Patent Blue, are stripped
with difficulty.

Test for Indigoid Dyestuffs —The pattern is boiled for a
minute or two with aniline (freshly distilled), and the extract, if
coloured, is carefully evaporated to dryness in a test-tube. The
quite dry residue (free from aniline) is then carefully heated in
a small Bunsen flame- the presence of an indigod dyestuff is
indicated by the production of coloured vapours. For distin-
guishing between the individual dyestuffs of the indigoid class, as,
for instance, between Indigo and Ciba Blue, the colour of the
chloroform extract, as recommended by Holden, is useful.

Confirmatory Test for Triphenylmethane Colowrs —Most tri-
phenylmethane colours become pale yellow or yellowish brown
on treatment of the fibre with concentrated sulphuric acid

Detection of Mordants —In addition to the preliminary tests
already mentioned, the following methods are recommended —

Burn a small pattern of the material and fuse the ash with
potassium or sodium chlorate, on a crucible lid (a yellowish-coloured
mass indrcates chromium), and allow to cool. To test for Al and
Cr, add acetic acid in excess (tin and iron left insoluble, tin as
white solid, iron as brown), filter and divide filtrate into two
parts:—
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(a) Test for chromate by lead acetate.

(b) Test for Al by adding ammonia in slight excess, together
with a drop of very dilute alizarine paste. This, if Al is present,
gives a red, flocculent precipitate, which 1s readily seen.

To test for Fe, Cu, and Sn, add HCI in excess to the product of
fusion (or to the residue insoluble in acetic acid) —

(c) Fe gives a yellow solution and a blood-red colouration on
addition of a sulphocyanide.

(d) Cu gives a brown colouration with sulphocyanide, and a
blue solution on adding ammonia

(¢) Sn, on addition of ammonium sulphide, gives a brown
precipitate.

Copper is usually not present in suflicient quantity to give the
above test, but may be readily detected even in traces by the pro-
duction of a green flame when the ash moistened with con-
centrated HCI is brought ito the Bunsen flame.

The detection of the mordant (Cu o1 Cr) requires special care
in those cases in which the dyestuft’ as sold already contains the
mordant incorporated with it

In the case of textile mateiials containing copper (used, for
instance, for rendering acid colours faster to hght), 1t is advisable
to remove the copper by boiling with oxalic acid before proceeding
to test for the dyestutf.

Mixtures —Although it is not possible to lay down exact
details of procedure in dealing with wmixtures, a few general
principles may be mentioned which will be found useful by those
who wish to extend the scheme to such cases. If a mixture con-
sists of two or more dyestuffs of the same chemical and dyeing
group, it will behave as a whole similarly to a single dyestuft,
though sufficient differences will usually exist mm the rate of
solution or of attack by the group reagents to render it possible to
distinguish or even to separate the constituents. Thus, a green
dyed by means of an Acid Azo Yellow and an Acid Azo Blue
will be distinguishable upon careful reduction with hydrosulphite,
since the Azo Blue will generally be 1educed first, and the shade
will therefore change from green to yellow before 1t is decolourised
Further, 1if such a compound shade be extracted fractionally with
dilute ammonia, the yellow is generally stripped first, and after
acidification may be transferred from the solution to another picce
of wool for subsequent tests. Mixtures of colours belonging to
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different groups will usually exhibit at once their divers com-
position. For example, a navy blue shade dyed with Patent Blue
and an Azo Orange will, upon reduction, first change to bright
blue, then become colourless, and upon reoxidation with persulphate
the blue alone will return. If a mixture of an azine, oxazine, or
thiazine dyestuff with a triphenylmethane colour has been employed,
only the first colour will return upon exposure of the leuco com-
pound to air, the latter colour being restored also upon treatment
with persulphate. Fractional extraction of the fibre with dilute
alcohol or dilute acetic acid can be employed in many cases to effect
a separation or partial separation of the dyestuffs present, the
extracted colour being then transferred to fresh wool or silk and
separately tested. To affect this transference the alcohol must be
first boiled off or the acetic acid ncutralised.

In some cases mixtures may be separated by means of solvents
Thus a mixture of a “mordant” colouring-matter fixed by chromium
and an ordinary “acid” dyestuff may be resolved by extracting the
pattern in a Soxhlet extracting apparatus with pyridine, which
removes the “acid” dyestuff, leaving the “mordant” dyestuff n
great part upon the fibre. After distilling off the pyridine from
the extract, the residual colour can be dyed upon wool and tested.
In order to separate indigo and other “vat” dyestuffs from
“mordant ” and “acid” dyestufls, the solvent action of cresol (com-
mercial cresylic acid 98 per cent ) upon the colours of the former
class may be made use of For this purpose it is advisable to
reduce the boiling-point of the solvent by mixing it with a hydro-
carbon of lower boiling-point  Thus a mixture of 100 parts of cresol
with 30 parts of “solvent naphtha” (crude xylol) or of petroleum
spirit of boiling-point 120° to 140° has been found suitable. The
previously dried pattern is put in the Soxhlet appaiatus, covered
with a layer of loose wool, and a thermometer placed with its bulb
in contact with the pattern. The proportion of hydrocarbon to
cresol is so adjusted that the temperature of the extracting liquid
is 100° to 105°. By this means the “vat” dyestuffs are extracted.
but most of the “acid” and “mordant” dyestuffs remain on the
fibre and can be subsequently examined The method 1s used with
advantage for the analysis of reputed indigo-dyed cloths, for further
details of which see page 90.

Mixed shades obtained with logwood (h@matein) and an “acid,”
“mordant,” or “ vat” dyestuff are easily separated by boiling with
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dilute hydrochloric acid, which removes the logwood, giving a
crimson solution, whilst the other dyestuff (usually) remains upon
the fibre. Brazil wood and other natural dye-woods behave similarly
to logwood, whilst “acid” Alizarine Reds are also extracted. It is
possible in some cases, as, for example, with a “vatted black”
(mixture of indigo and logwood), to either remove the indigo by
extraction with cresol or pyridine, leaving the logwood on the fibre,
or to remove the logwood by boiling with dilute acid and leave the
mmdigo. If in addition to these two dyestuffs an “acid” black, for
instance, were also present, the logwood could be first removed by
dilute acid, then the indigo by extraction with cresol, thus leaving
the “acid ” black alone upon the fibre.

Although the identification of dyestuffs employed in dyeing
mixed shades must always be attended with some difficulty, ex-
perience and familiarity with the properties of the dyestutfs render
1t possible in a large number of cases to effect a successful analysis,
and the instances given above will scive as a suflicient illustration

of the methods of attacking the problem.

Notes on the Analytical Tables.

TasLe VIII.

General —In the case of yellow and orange colours the indications are
sharper when reduction 1s effected with Hydrosulphite B With
Hydiosulphite AX many of the dyestuffs of the thiazol gioup become
considerably highter, whilst, on the other hand, the decolounsation of
the dyestuffs of other groups may be somewhat obscured by the yellow
tint given by the anthraquinone, especially 1f the pattein 18 not
thoroughly washed.

Div 1 —The acridine dyestuffs give a more or less pronounced green
fluorescence to the acetic acid extract

Div  6.—Twuimeric becomes much browner on boiling with dilute ammonia
or sodium acetate.

Div. 8 —Nitro dyestuffs may be distinguished from azo by the production
with hydrosulphite, prior to decolourisation, of a reddish-orange
colouration (nitroamido compound).

Div 11.—Weld on Al s partially stripped by acetic acid, giving a colourless
extract ; on Cr or Sn 1t 1s not affected.

Dw 15, —Allzarmc Yellow R and RW stain cotton shghtly on_ boilng
with sodium acetate solution.

Div. 17.-—Sulphone Yellow and Sulphone Orange give only a compuratlvcly
shight stain on cotton after boiling two minutes with sodium acetate.
The Toluylene Oranges are only reduced by hydrosulphite with great
difficulty.
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TasLe IX

2.—Induline Scarlet gives a claret-red colour with concentrated
sulphuric acid, which becomes green on addition of a trace of water
Safranine, after reduction and exidation, does not return to 1its
original shade, but to a violet (methylene derivative), which 18 re-
converted mto the red on boihing with ammonia.

9.—Fast Acid Red A, although a pyrone derivative, also falls mto
this division. It reduces more slowly than the triphenylmethane dye-
stuffs and 1s similar to the Fast Acid Violets of Table X

. 10.—Fast Red A and Wool Red B stain cotton on boiling with dilute

ammonia. The group of acid azo colours may be split up 1nto classes
by treatment of the fibre with concentrated sulphuric acid, when
vartous colours are obtained (red, violet, blue, or gieen).
12.—Alizarine Geranol B exhibits an exceptional behaviour, being
reduced by Hydrosulphite AX to a pale yellow, which 1s permanent
i air but changed on boiling with persulphate to a pale violet-
brown.

15 —Many of the red *“vat” dyes show a yellow fluorescence in chloro-
form solution

17.—Several of the red azo “mordant” dyestufls, which should fall mto
this group, are, when fixed upon wool, extremely diflicult to reduce
This 1s especially the case with Eriochrome Red B, Acid Alizarine
Red G, Acid Ahzarme Garnet R, Omega Chrome Red B, and Diamond
Red G.

TasLe X.

1.—Cresyl Fast Violet 2B returns 1 air to a greenish blue instead
of to a violet Its acetic acid extract has a strong 1ed fluorescence.
Brilliant Rhoduline Vielet R 1s a Rhodamine and comes into
Table IX

7.—The dyestuffs of the pyrone group reduce much more slowly
than those of the tmphenylmethane series  Violamme 3B falls into
Table XI.

8 —Acid Violet 7B gives a buight green spot with concentrated
hydrochloric acid.

13.—The mdigod “vat” colours only return slowly m air and usually
through green (except Ciba Heliotrope).

14,—Chrome Violet (old) gives coloured extiracts both with dilute
acetic acid and with dilute ammonia, but the fibre 1s not maikedly
stripped.

TasLe XI.

1.—Certain “basic mordant ” dyestuffs belonging to Div 17 (Celestine
Blue B, Corremme 2R, Gallocyanine, etc ) tend to strip shghtly with
boiling 5 per cent acetic acid.
8 —Certain brands of Wool Blue are mixtures containing Patent
Blue.
9.—All the dyestuffs of the Patent Blue class are somewhat difficult
5



ANALYSIS OF DYESTUFFS ON ANIMAL FIBRES ]
TABLE IX.—RED COLOURS.

Botl twice for one minute with 5 per cent acetic acid

Much “ﬁz‘ﬂ"fﬁ;j‘?&p‘gge E&ﬂag};?ﬁmﬁggﬁg&}%ned Wood. Little or no colour)s stripped  Acid, Vat, Mordant, ot Salt Dyestuff Buml twice for one minute with dilute ammonia (1 100) and a piece of white cotton
|
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e T - il wit) - o
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TABLE X.—PURPLE AND VIOLET COLOURS.

Boil twice for one minute with 5 per cent acetic acid

Much colour is stripped Basie Dyestuft’

or Soluble Red Wood

Boil twice

for one minute with dilute alcohol (1 1)

Much colour i3 nnﬁped
Baslc Dyes
Boil with Hydrosulphite AX

Unaffected

NEUTRAL VIOLET, RHODULIAE VIOLET RHODUIINE

Decotourised
Colour
Deb(’}'z‘i'"‘,“::_”‘l does not
return
mnu;nﬁ;;“ on exposure
“Wair toults
ut is
Azine elxnzlne- reatored by
persulphate
T'&‘]';zsls‘,e Triphenyl-
methane
Class
! N
1 2

NE VIOLLT

METHYLENE HELIOTROPE, TANNIN HELIOLt OPE,

IPIS VIOLET, FTC

1 OSOLANE, METHYLE

METHYL VIOLFT, ETHYL VIOLET, CRYSTAL VIOLET,

BINZYL VIOLET, BRILLIANT VIOLET, ETC

HELIOTROPF

Al ?r [

1]
present
mn

a8
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dilute
ammona,
the
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much
bluer

SOLUBLE RED WOODS, eg BRAZILWOOD, LIMAWOOD,

SAPANWOOD, PEACHWOOD, ETC
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Boil with Hydrosulphite AX

Little or no colour is stiipped Vat, Mordant, or Salt Dyestuft.
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r

0l
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TABLE XI—BLUE COLOURS

Boll twice for one minute with 5 per (ent acetic acld

\lJv.h rolonr is mlppon Little or no colour is atripped  Acld, Vat, Mordant, or Salt l}[a stuff  Bon twice tor nne minute with dilute ammonis (1 100) and a picce of wlite cotton
1 with disie |’1("°§"° 00 e mi eeps the ammoniacal extr
ol with dilote akohorCl 1) bwia tog one minute . _ o e I
Mk aloue o strlppod - N Much colour 18 stripped, but cotton remains white  Acld Dyestuff  Boil with Hydrosulphite AX Little of no colour s stripped  Vat, Mordant, ot Salt Dyesv.un Boil with Hydio ulphite AX
wh oour l‘lr o . —— ——
i By B S— - ST B
Un
Bl wieh iy iesstanite AX N Decolourised  Colonr is not restored
. ¥ v affecte | Decolourised Decolourised  Colour does not 1eturn | Fibre 1s not decolourised Colour unaffected, or Decolcurined  Colour returns on exposure to air Decolonrisd Lt‘:u'.u !lz'! ait e by psulphte.
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TABLE XIII —BROWN COLOURS
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TABLE XIV—BLAOCK AND GREY COLOURS
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Div. 9.—Alizarine Brown G 1s a mordant azo dyestuff.
Dw 10 —Cutch n heavy shades 1s lable to be slightly stripped by
Hydrosulphite AX becoming more orange.

TasLe XIV.

General.—The reduction of black colours with Hydrosulphite seldom gives
rise to a pure white, the shade obtained usually having a brownish or
greyish tint.

Divs 9 and 10.—Many salt and mordant blacks bleed when boiled with
dilute hydrochloric acid, giving blue or violet liquids, but the colour
of the fibre 1s little altered.



CHAPTER VI

THE IDENTIFICATION OF DYESTUFFS ON
VEGETABLE FIBRES.

IN the scheme for the analysis of colours on animal fibres described
in the previous chapter, the dyeing properties of the colouring-
matter present on the fibre, v.e. whether “acid,” “basic,” “ mordant,”
“galt,” ete., were determined by means of so-called “stripping”
tests; whilst its chemical relationships were ascertained by its
behaviour on reduction and reoxidation.

In applying the same principles to the analysis of colours on
vegetable fibres (cotton), several initial difficulties are encountered,
arising more especially from the influence exerted by mordants
on the properties of the dyestuffs and the difference between the
affinity of colouring-matters for the two types of fibre Many
“basic” dyestuffs, for instance, which if dyed on wool are easily
reduced by sodium hydrosulphite, are scarcely attacked by this
reagent when fixed on tannin-mordanted cotton. Nor can basic
dyestuffs so fixed be stripped by acetic acid as they can from the
wool fibre. Further, whilst in the case of wool the leuco com-
pounds of dyestuffs remain in great part attached to the fibre,
and can therefore be reoxidised, this is frequently not the case
with cotton. It is necessary, moreover, to reckon with the fact
that cotton dyes comprise a larger range of scparate groups, some
of which are not used in dyeing wool, and also that the analytical
scheme must be applicable both to dyed and printed colours
The problem presented is therefore a more complicated one than
the detection of colours on wool, and 1t 18 necessary to somewhat
modify the system employed for the latter, though still retaining
the same general principles. Owing to variations in properties
between individual dyestuffs belonging to the same group, which
are often great, and to the fact that many dyestuffs occupy a more
or less intermediate position between two groups both in relation

to chemical structure and to behaviour, it is not possible for any
68
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scheme of analysis to claim perfect mechanical accuracy, but much
will always depend upon the skill and experience of the operator.

In adapting the analytical scheme to vegetable fibres (cotton)
several points require special attention. Firstly, in order to
overcome the difficulty introduced by the presence of a tannin
mordant, it is necessary to remove the latter by boiling with
caustic soda, and to avoid stripping the dyestuft at the same
time, the reagent must be saturated with common salt. The
“basic” dyestuffs are thus left on the fibre in the form of free
colour-bases, which can then be readily stripped by boiling with
dilute acetic or formic acid. Although most other colours are
unaffected by boiling with the “saline caustic soda,” as the above
reagent is termed, some mordant dyes, such as Turkey Red, are
partially decomposed. In such a case the acetic or.formic acid
extract will usually not have the colour of the dyed material, but
in order to avoid any possibility of error from this cause, it is
best, 1f the colour is appreciably stripped, to add to the acid extract
a solution of tannin, when a coloured precipitate will result if a
“basic” dyestufl is present.

As already mentioned, many “basic” dyestuffs fixed upon a
tannin mordant do not give leuco compounds upon reduction
with hydrosulphite, or if the leuco compound is formed, it may
pass into solution and thus render reoxidation on the fibre
impossible. To overcome this difficulty, the “basic” dyestuft' is
transferred to wool and the tests with hydrosulphite and per-
sulphate are performed on this fibre instead of upon the original
cotton (for procedure see Chapter V.). The transference of a “basic”
colour fiom cotton to wool 1s very readily and quickly accomplished
after the removal of the tannin mordant (method later). This
procedure also affords the further advantage that in the case of
pale shades the colour can be concentrated from a large piece
of cotton on to a small piece of wool, and the tests thus rendered
more distinct Moreover, if the colour is a mixture, an opportunity
is possibly oftered of effecting a separation, since the different
components may vary in their relative aflinity for the two
fibres. .

Transference to wool before applying the hydrosulphite and
oxidation tests is also adopted in the case of “acid” colours.

The “ basic-mordant ” dyestuffs (Gallocyanine, etc.), when treated
with saline caustic soda, followed by dilute formic acid, behave like
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“basic” dyestuffs, except that they are less completely extracted.
The acid extracts, though precipitated by tannin,-give a finer and
less distinet precipitate As a means of distinction from ordinary
“basic” dyestuffs, use is made of the fact that they are precipitated
by chromium fluoride.

With dyestuffs not belonging to the “acid” or “ basic” class, the
reduction and oxidation tests must be performed on the cotton
fibre itself, preferably before further differentiation. Certain azo
colours, especially the insoluble azo compounds formed on the
fibre, exhibit considerable resistance to reduction by the ordinary
hydrosulphite solutions, and are decolourised very slowly and
incompletely. To overcome this difficulty, use is made of the
fact that the reducing power of hydrosulphites is greatly increased
by the presence of very small quantities of certain colouring-
matters or other reducible substances. The compounds which exert
this effect in the most marked degree are Induline Scarlet, Alizarine,
and Anthraquinone Of these the last is the most suitable for
the purpose, since it does not stain the cotton, and when added in
small quantity to the hydrosulphite solution, slightly acidified with
acetic acid, gives a reagent (termed “Hydrosulphite BX”) which
readily cffects rapid and complete reduction in all cases

It has hitherto not been found possible to devise any certain
method of distinguishing between the “salt” colours which have
1eceived no after-treatment and those which have been subsequently
“fixed” by development, by coupling with diazo ecompounds, o1 by
treatment with formaldehyde, ete. In all these cases white cotton
is stained more or less when boiled with the dyed material in a
soap or sodium carbonate solution, and though the degree of stain-
ing is often much less with the “developed” or “fixed” colours
than with the direct dyeings, and may after some practice be
relied on as a wmeans of differentiation 1n special cases, eg. for
Blacks, no absolute method can be based upon it. Tt is also obvious
that since such developed colours do not differ chemically from the
dyestuffs of the same composition prepared in substance and after-
wards applied, no method of distinguishing between them by a
chemical test can be expected. The difficulty is still further in-
creased by the very large number of individual colouring-matters
which the group of “salt” dyestuffs now comprises.

For the identification of “sulphide” colours the production of
hydric sulphide upon boiling the fibre with stannous chloride is
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employed. As already mentioned, the indications of this test require
to be accepted -with some caution, as there are several possibilities
of error due to the presence of other sulphur compounds giving
rise to hydric sulphide upon reduction, such as albumen, bisulphite
compounds, ultramarine, “antichlor,” etc It should also be noted
that many “salt” dyestuffs evolve hydric sulphide when boiled
with stannous chloride, apparently through reduction of sulphonic
groups. It therefore becomes necessary to exclude the presence
of “salt” dyestuffs before employing this test for “sulphide”
colours

In the tables which follow later there is given under each
section a list of the chief dyestuffs it includes  Owing to the
exigencies of space, and the large number of products now on the
market, which are constantly augmented by new ones, these listy
can only be regarded as a guide, and in no sense as a complete
enumeration of all the colouring - matters belonging to the
respective sections.

Reagents.— Weak Ammonia (1 : 100) —1 c.c. strong ammonia
to 100 ce. distalled water.

Dulute Caustic Soda —10 grams caustic soda in 100 cc water.

Saline Caustic Sodw.—10 c.c caustic soda solution (35 to 40
per cent NaOH) to 100 ¢ c. saturated solution of salt.

Formac Acid (90 per cent ) —Ordinary commercial strength

Weal: Formic Acid (1 100) —1 ce¢ formic acid (90 per cent)
to 100 c ¢ distilled water

Dulute Hydrochloric Acad (1 20)—5 ce hydrochlorie acid
(30 per cent ) to 100 c.c of water.

Soap Solution —10 grams soap in 300 ce of water

Tannin Solution —10 grams tannin and 10 grams sodium
acetate 1 100 cc. of water.

Bleaching Powder Solution —F1iesh solution at 5° Tw.

Hydrosulphite B. .

szrosulphite AX } Sce page 58.

Hydrosulphite BX.— Dissolve 50 grams of Rongalite or
Hydroqulphlte NF concentrated in 125 ce of hot water (rind
1 gram of anthraquinone (precipitated not sublimed) to a fine
powder, and reduce to a smooth paste with a little of the Rongalite
solution. Add this paste to the remaining solution hot, and heat
the whole for one or two minutes at about 90° C. Then dilute
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with cold water to 500 cc., and after standing till cold add 1% c.c.
of glacial acetic acid. Keep in a well-stoppered botble with greased
stopper. The reagent should be tested occasionally by trying its
effect on cotton dyed with Alphanaphthylamine Bordeaux, which
should be fully discharged after boiling for one or two minutes

Persulphate Solution —A cold saturated solution of potassium
persulphate, or a 1 per cent. solution of ammonium persulphate.

Acid Stannous Chloride—100 grams stannous chloride to
100 cc hydrochloric acid (30 per cent.) and 50 c.c. water. The
hydrochloric acid must be free from arsenic. In testing for
“sulphide ” colours this reagent may be replaced if desired by a
strong solution of titanous chloride.

Chromium Flworide Reagent.—A solution of 10 grams chro-
mium fluoride and 5 grams sodium acetate 1n 100 cc of water

Procedure.— Gieneral.— All the reactions are performed in test-
tubes, usually with pieces of material about § to § in (12 to 18 mm.)
square, which are just covered with the reagent The degree of
stripping is judged by comparing the depth of shade remaining
against that of the original pattern, the colour of the stripping
solution is misleading, and can scarcely be relied upon as a guide
In testing the colours of calico prints, the different shades should
be cut out and the reactions tited upon them separately. With
cotton and wool or cotton and silk umons the weft is separated
from the cotton warp and both submitted to exammation  Doubt
may frequently arise as to how a particular shade should be
classitied, whether, for nstance, a reddish blue is to be regarded
as a blue or a violet In such cases the tables referring to both
colours should be employed, since the same general scheme is
adopted throughout the tables, this can scarcely give rise to
difficulty. The same remark applies to possible mixtures; thus in
examining a certain green shade, both the yellow and the blue
tables may require to be used. To distinguish between individual
dyestuffs of the same group, the reactions towards concentrated
sulphuric acid, caustic soda, etc, may be employed.! For additiongl
confirmation 1t is well to compare the sample both as to shade and
reactions with a dyed pattern of the colouring-matter or colou11ng~
matters to which it is believed to correspond.

1 See G Schultz, Farbstofftabellen, b Aufl. , P, Heermann, Koloristische und
Textrlchemasche Untersuchungen
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It is obvious that in many instances the analytical procedure
may be greatly simplified by exclusion of dyestuffs the presence
of which is rendered improbable or impossible by the special
circumstances of the case, e.g. by the material, shade, or mode of
application.

Stripping Test for Acid Colowrs—A few “salt” dyestuffs are
partially stripped by weak ammonia, and may thus give rise to
the impression that they are “acid” colours To avoid this error it
is advisable to add a small piece of white cotton when carrying
out the test. If the dyestuff is an acid one the cotton is either
not tinted or becomes white on boiling a second time with weak
ammonia.

Transference of Basic Colours to Wool —The tannin mordant
is first removed, as in testing for a “basic” colour, by boiling the
pattern for a quarter of a minute with saline caustic soda It is then
well washed with cold water (or, if the base is soluble, with salt
solution) to remove all alkali, and 18 boiled with a piece of white
wool (half the size of the cotton or less) in a Iittle plain water for
one or two minutes. In most cascs the dye-base will leave the
cotton almost entirely, and dye the wool a full shade If the
colour does not devclop on the wool one or two drops of weak
formic acid (1 100) may be added. In exceptional cases it may be
necessary to extract the colour wath dilute hydrochloric acid (1-20)
carefully neutralising the extract with ammoma before adding
the wool

Transference of Acid Colowrs to Wool — The cotton is simply
boiled with a small piece of wool and weak formic acid (1 : 100).

Tannwn Test for Busic Colowrs—Add a few drops of tannin
solution to the formic acid extract. Shake well, and if the
precipitate does not form at once allow to stand a few minutes
Some colouring-matters, such as the Rhodamines, Gallocyanines,
and Chrome colours of the Rosamline series (which contain carboxyl
or hydroxyl groups in addition to basic groups) only precipitate
slowly, whilst the precipitate being more finely divided is sometimes
difficult to see.

Blecdmg Test for Salt Dyestuffs.—In testing for “salt” dyestuffs
by the bleedmo test, the sample is placed in a test-tube together
with a smaller piece of white mercerised cotton cloth, and boiled
with soap solution for about a minute. The soap solution may be
replaced by a 5 per cent. solution of sodium carbonate
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Lead Acetate Test for Sulphide Colours—The sample is just
covered with Acid Stannous Chloride solution. The mouth of the
test-tube is closed by a cap of filter-paper closely wrapped round
it, into the centre of which is placed by means of a glass rod one
drop of lead acetate solution. The contents of the test-tube are
slowly heated to the boiling-point, when a blackish-brown stain of
lead sulphide appears if a “sulphide” colour is present. The brown
spot will again disappear on boiling the solution longer, owing to the
decomposition of the lead sulphide by the hydrochloric acid evolved.
In order to avoid the possibility of error through extrancous
sulphur present on the cotton, the pattern should be previously
boiled for half a minute with 10 per cent caustic soda and then
well boiled with water It must, however, be borne in mind that
the indications of the “sulphide” dycstuffs are rendered less sharp
by this latter treatment It is important to pay special attention
to the cleanliness of the test-tubes employed for this test, as tubes
which have been previously used for hydiosulphite reductions
acquire a thin invisible deposit of sulphur upon their walls, which
on boiling with stannous chloride gives rise to hydric sulphide
and thus may lead to error. It is best to keep a special test-tube
for this test alone.

Reduction and Reoxidation Tests.—The reduction with Hydro-
sulphite BX is carried out by boiling the sample with the reagent
for from a minute to a minute and a half The azines, thiazines,
oxazines, ete, and most of the azo dyestuffs are fully reduced in
about half a minute, but the insoluble azo colours and some salt
dyestuffs require longer boiling to complete their reduction. In
testing the reoxidisability by air, the reduced sample may be
exposed to the fumes from an ammonia bottle, which in many
cases accelerates oxidation.

Tests for Vat Dyestuffs—For further particulars see Green
and Frank, Jouwrnal of the Society of Dyers and Colowrsts,
1910, p. 83, also Grandmougin, Tubellarische Ucbersicht der
Kupenfarbstoffe.



ANALYSIS OF DYESTUFFS ON VEGETABLE FIBRES.

TABLE XV.—YELLOW AND ORANGE COLOURS.

Boil with weak ammonia (1 100)

The colour is stiipped. Bofl with
acidified water and small piece
of white wool

The colour 18 not stripped  Boil for a quarter of a minute with saline caustic soda, rinse with cold water, and boil with water and one or two drops of wenk formic acid (1 100)

Colour is transferred to

The colour 1s completely destroyed, both The colour s completely or Jaigely | A coloured acid extract preapitable by tannin is not obtained Reduce original fibre with Hydiosulphite BX
solutions and fibre being colourless ' Treat “’"p"v’f]‘k'ﬂ?"fc':l‘f"tl":'"l’ h “‘;d ex:tmct,
original fibre with cold ammonium sulphide precipitated by tannin

the wool * Acld solution Basic Df'estuff Deeolomnised or hecomes hight yellow  Original colout is not The colour 15 unaffected or changed in shade, becoming lighter,
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ANALYSIS OF DYESTUFFS ON .VEGETABLE FIBRES !
TABLE XVI.—RED COLOURS:

1

- Boll with weak ammonia (1 100)
The colour 18 not stnpped*' Boil for a guarter of a mmute with saline caustic soda, rinse with cold water, and boil for one minute with water and one or two drops of weak formic acid (1 100)
t A coloured acid extract precipitable by tannin 18 not obtained Reduce original fibre with Hy drosulphite BX
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Acld Dyestuff, . 5
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ANALYSIS OF DYESTUFFS ON VEGETABLE FIBRES ]

TABLE XVIIL-—PURPLE AND VIOLET COLOURS.

Boll with weak ammonia (1 100)

The ::}3!15 ;l a;ttr‘ll]g)ed: The colour is not stripped  Boil for a quarter of a minute with saline caustic soda, rinse with cold water (or salt solution), and boil for one minute with water and one or two drops of weak formic acid (1 100)
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precip y tannin solution : Basic Dyestuff (on tannin or other mordant) or
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ANALYSIS OF DYESTUFFS ON VEGETABLE FIBRES ]

TABLE XVIII —BLUE COLOURS.

Boil with weak ammonia (1 * 100).

The colour is stri,
Acld Dyestu:
(or Prussian Blue)

The colour is not stripped  Boil for a quarter of a minute with saline caustic soda, rinse with cold water (or salt solution), and boil for one minute with water and oue or two drops of weak formic acid (1 : 100),

v

The colour is comp].‘be]y or I:rgely -mpped gMBg a 0011'}“(mdzmd|“m?ﬁ A coloured acid extract precipitable by tannin is not obtained Reduce original fibre with Hyd hite BX
whi y tan: Basic Dyestuff (on tanunin or other .
“mordant) or Baslc Mordant Dyestuﬂ.yAdd chromum
fluoride reagent to the extract Decolourhed and colour not restored by air or Decolourised or yellowish Colout is Colour dorb darker, b , ot , the
rsulphate 0 restored on e l;:osure air original colour being restored on exposure to sh'
The extract is The Boil with Soap solution and white mercerised | Azine, Oxazine, Thiazine, or Indigo Anthracene Mordant or Anthracene Vat Dyestuff
colourless, but | extract Not precipitated Basic Dgest.ulr. Precipitated cotton Class. Apply lead acetate test Colour (also Ultramarine) Boil with 90 per cent formic acid
becomes blue on Transfer to wool and boil with Hydrosulphite AX Cr r»:}ient lnD ash tngsie d to
tdificat! 1 ordant Dyestuff. ‘ enish,
Transferred to and il cotton The white cotton is stained No Hjh is evolved ﬁ'n hich Th is stripped Al The colour { h
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ANALYSIS OF DYESTUFFS ON VEGETABLE FIBRES.]

TABLE XIX.—GREEN COLOURS.

Boil with weak ammonia (1 - 100),

The colour is not stripped

Boil for half a minute with saline caustic soda, rinse, and bofl twice with weak formic acid

The colour is completely or largely stripped, giving a coloured

A coloured acid extract precipitable by tannin is not obtamed Reduce original fibre with Hydrosulphite BX

Precipitated
C11n ash
Fibre decolour-
ised by Hydro-
sulphite BX, the
colour not 1eturn
ing in air, hut
restored by

persulphate
Triphenyl-
methane
Class

The colour is ucld extiact, which is precipitated by tannin solution
stripped Basic Dyestuff (on tannin or othe: mordant) or Basic Mordant
Acld Dyestuff Add chromium fluoride to the extiact
Dyestuff.
The colour |___
d
to woolllv- Not precipitated Basic Dalestuﬂ'
decoloutised | Transfer to wool and boil with Hy: rosulphite AX
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';&he“y o on ex osurelt,g ised  Colour exposure to ar,
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persulphate  Azo or Nitroso Class,

Boil with soap solution and white mercetised cotton

The white cotton 18

staimed Salt Dyestuff

Test ash for Cr and Cu

Atained
hydrochloric acid (1 20)

‘Lhe white cotton 18 not

Boil with

Cror Cu Colour

Cr and Cu present destroyed
absunt Azo Salt | Feas present

Azo Salt | Dyestuff | in the ash
Dyestuft. | after- Nitroso

treated. Class.

¢ 7 8
! =]

DIAMINE GREEN, BENZO GREEN, COLUMBIA GREEN,

CHLORAMINE GREEN, ETC

THE PRECEDING COPPERED o8 CHROMED

RUSSIAN GREEN, FAST GREEN O, STEAM GREEN ALSAC

GREEN, GAMBINES, DIOXINE, ¥TC

|

Not

decolourised

Cr i8 present
1 the ash
Mordant

Azo
Dyestuff.

9

DIAMOND GREEN, ETO.

Decolourised  Colour The colow ie unafiected o1 changed to 1ed brown, blue, ete  Test ash for ( r and Ni
retuins on exposure to atr
The colour 18 Azine, Oxazine, or
h d to Thiazine Class. The ash contains Cr or Ni No Cr or N1 present in ash
greenish Apply lead ucetate test Anthracene Mordant Dyestuff. Anthracene Vat Dyestuff.
yellow,dnot Reduced
restored to -
to yellow
green by air, Reduced Reduced colout 18 brown  Green }{eﬁ.&d
which can be colour 18 shade 1etuins on (\posure to an Reduced by air
diazotised brownish red Boil with hydrochlone aad (1 20) low Reduced Reduced oxidation*
e msie | NoHSis Grery brownin | ol s GEOE | Tndigold
w. 2% - — e
et | enbel | gehi | sl o | AT e | B,
naphthol Sulphide | o o7ine(or | butnot by ar | Colonr Colour of Colourof | evolvedon | (CSRGC L Greon shade
Primuline | Dyestuff. | Thiazine). Boiling HCl | unaftected fibre be fibre 1ather applying restored | Vistored
Azo Class. (1 20)gives | dolution | comes grey, Ipaler,solution lead acetate by ant by air
bright neen | colourless | solution 1ed brownish test
solution €1 fn ash N1 in ash yellow
10, 11 12, 18 14 15 16 17 18 19 20
of
7
g i
g 5 |
:—< <] 3
& a §
=) &~
& & g
g 1) =] =
5 24 & )
K ==t =] «Q z
B A « 7 &
2 & & a =
8 @ o E E o o
Z 3 o < 2 o &
& EI B 2 v ] 7
a 2] b4 3] g « \
gz g @ z b
H g9 ] % E] = =] o a @
E = K] = 5] ) o - ] =]
= < m 1< &
S L I - P - - O - B - :
s ] ] [=]
R a 2 8 z Z o g m
g < @ @ % = = .8 z
a - & JT) ] ° < z Q
] @ ] « 8 & a
= B ; @ « @ B z
& = iz &Y ﬁ )
S =] ] 4 z z =] o =]
8 A g ] A% 2 & 3] ) & 3
i “ & B % n z g
& 5 & E o ] @ @ z
a a > b & E - 5 %z g e
3 E M Sl Q E = 8] g ]
& o « =
2 A o dE <] 3l E <) ] g
] < < « < S 4 “ g o
I T N R B I B
& &8 > <4 E 8 <] < < g




ANALYSIS OF DYESTUFFS ON VEGETABLE FIBRES.)
TABLE XX.—BROWN COLOURS

Boil with weak ammonia (1 100)

The colour is not stiipped  Boil for half a minute with saline caustic soda, rinse, and boil twice with weak formic acid (1 100)

A coloured acid extract precipitable by tanuin is not obtained Reduce original ibre with Hydrosulphite BX

Decolourised and colour not restored on exposure to air or by persulphate Unaltered or changed in shade, becoming darker, paler, yellower, etec,
The colour is Azo Class and Mineral Colours. Boil with soap solution and white mercerised cotton, Apply lead ncetate test
The colour is stripped, giving
stripped acid extract
Acld Dyestuff. s by | The white cotton ls atained The white cotton 18 not stained  Boil with pyridine. The shade is No HgS is evolved Test ash for Or and Cu.
wool it is 7 tannin Test :sh fo¥ B and Cu hanged to
decolourised by | Basic Dyestuff. The colour is stripped Tho solour Iy not stripped Oieh can e, I::?ioml;li;:? Cr or Cu (or both) present
Hydrosulphite | ~ The dyestuft Insoluble Azo Colour. | qyeat !}{’,f:’o‘}lﬁgl QUR Iohite | diazotised and | colour restored Mordant Dyestuff. Boil with HOL(1 20).
transferred to wool Test ash for Cu n the cold P developed red by air H.
Azo Class, is permanently with Imﬂﬁ'Old evolved * Cr and Cu
decolonrised by Cror Cu hat thol Class. Sulphide Not nmp?ed or only slightly ‘absent
Hydrosulphite Cr and Cu resent Primuline Azo Dyestuff. Boll with dilute caustio Anthracene
AX 2bsent 7o Salt Colour. . soda (10 per cent ) Vat Dyestuff,
Azo Class. g;gsst':{.t, Dyestuff Not rnm d o
. - ed.
after-treated.| Cuabsent | Cupresent | Decolourised. | geooionrised. PP Fibre and Solution brown,
solution fibre
dull violet unaflected
1 2 8 4 5. 8. 7. 8. 9 10. u 12, 13 14 15

CHLORAZOL, COLUMBIA, HESSIAN, OXAMINE, AND TOLUYLENE

SERIES

HELINDONE BROWN G, CIBA BROWN, THIOINDIGO BROWN
IMMEDIAL CUTCH, CROSS-DYE BROWN, KATIGENE BROWNS,

PYROGENE BROWNXS, THIOGENE BROWNS, Eft

PARA BROWN (CHRYSOIDINE AND PARANITRANILINE), BENZIDINE

FAST BROWN, NAPHTHYLAMINE BROWN, ACID BROWN, ErTC
BISMARCK BROWN, JANUS BROWN, TANNIN BROWN, ETC
OB TOLUDINE BROWN

BROWNS, CIBANONE BROWN, PARAMINE BROWN

INDANTHRENE MAROON, ALGOLE BROWN, LEUCOLE
(#-PEEX)LFNE DIAMINE OMDISED ON TIBRE)

ALIZARINE ORANGE ON CR MORDANT, ALIZARINE RED onr

BROWNS oF THE DIAMINE, BENZO, CONGO, DIANIL,
PURPURINE OXN CR

ANTHRAGALLOL, ANTHRACENE BROWN, ALIZARINE

BROWN.

PRIMULINE DEVELOPED WITH METAPHENYLENE DIAMINE,

PARANITRANILINE CUTCH (PARA RED OOPPERED).
TERRA-COTTA, ETC

THE PRECEDING COPPERED OrR CHROMED
IRON BUFF, KHAKI (OXIDES OF OR AND FE).

MANGANESE BRONZE




ANALYSIS OF DYESTUFFS ON VEGETABLE FIBRES }

TABLE XXI.—BLACK AND GREY COLOURS.

Boil with weak ammonia (1 100)

The colour 18 not stripped  Boll with dilute hydrochloric acid 1 5)

The colour i8 not stripped (or only slightly) Boil for one minute with saline caustic soda, rinse, and boil with water and dilute hydrochloric acid (1: 20).

The colour is stripped. "T‘}le ct;liour i llrfely stripped all:’d A coloured acid extract precipitable by tannin is not obtained Reduce original fibre with Hydrosulphite BX
e acid extract
n‘,zﬁg";x 1s taqnln solution Basic Dyestuff.
A%(’l Dyestuff. l““",ﬂ‘;’ to wo_olln.ndﬁl with Decolourised an;i ;olour Rot réstored by air or The colour is unaffected or ch d in shade (L g brown, ete ).
e dyestuff v ulphate Azo Class
t,ramfeyned to Boil with aoap soluuon and white mercerised cotton -
wool aud boiled _ . Decol a The reduced colour is brown, but is Colour not changed by reduction
with Hydro- ecol 0“;"“ d rapidly restored to black on exposure The reduced (or very 8lightly)
) sulphite AX The white cotton is stained “:‘;ﬂ{:’r (?(‘l“' to air Azine, Oxazine, or Thiazine colour is brown Anthracene Class.
; x;;g:n:ggy Colout becomes Test ash for Cr and Cu byair  Gives Class \pply lead acetate test Onily g]o;v]y I.“d Test ash for Cr
Decolourised red just hetore ~— | The white cotton violet — mperfectly -—
Azo Class. mbl"“"‘d Solution | Bolntlon | golour returns on | being decolourised is not stained vapours on : l: °"’|°'eg 'éo ‘t"“k
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CHAPTER VIL

THE ANALYSIS OF INDIGO IN SUBSTANCE AND -
UPON THE FIBRE.

INDIGO, on account of its fastness to light and washing, beauty of
shade and other special properties, has long held a predominant
position amongst blue dyestuffs In view of this importance and
of 1ts high price much attention has been given to devising means
for accurately estimating the amount of the pure colouring-matter
present in commercial Indigos or upon dyed materials. In the
pages which follow no attempt will be made to enumerate or
review the numerous methods which have been proposed by
different authors for these purposes, but attention will be confined
to a description of those processes which 1 the author’s experience
have proved most valuable for practical use.

Valuation of Commercial Indigos.

Synthetic Indigo, which now forms the chief source of supply,
comes into commerce in the form of a fine powder containing from
96 per cent. to 98 per cent of pure Indigo (indigotine) It is also
sold as a thin paste contaning 20 per cent. of dyestuff, or in the
form of a concentrated solution of the leuco compound (*“Reduced
Indigo”) Natural Indigo is less pure and is generally imported
into Europe in the form of lumps or cubes contaming, according to
its place of origin, from 30 per cent. to 75 per cent. of mdigotine.
Thus Java Indigo contains on an average fiom 65 per cent to 75
per cent, Bengal Indigo from 60 per cent. to 65 per cent , and Madras
Indigo from 30 per cent to 40 per cent of indigotine. The remain-
ing constituents of natural Indigos are Indigo Red (indirubine), small
quantities of certain brown and yellow colouring-matters, glutinous
materials and mineral matter (clay and sand). The indirubine in
Indian Indigos does not usually exceed 1 or 2 per cent., but in
Java Indigo is frequently higher.

Chemically pure Indigo or indigotine crystallises in purplish-
76
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Notes on the Analytical Tables.

TasLe XV.

Div. 1.—Bnilhant Yellow 1s largely stripped by wéak ammonia, but 1f white
cotton 1s present 1t will be stamed

Duw. 2.—Sulphide Yellows of the thiazol class, such as Katigene Yellow 2G,
Pyrogene Yellow, etc., stain white cotton shghtly when boiled 1 soap.

Div. 3 —Auranune G 1s almost completely stripped by saline caustic soda, and

“ the formic extract therefore gives no precipitate with tannin solution.

Div 4 —Diamond Flavine, 1f not fully fixed, may stamn cotton from a soap
solution.

Div 5 —Helindone Yellow and Hehindone Orange give yellow vapours on
heating the fibre 1n a dry tube  Upon reduction with Hydrosulphite
BX, Helindone Yellow becomes olive, Helindone Orange colourless

Div. 6 —Indanthrene Yellow (Flavanthrene) 1s reduced hy Hydrosulphite
BX to a blue, Indanthrene Golden Orange remains unchanged.

TasrLe XVI,

 Dw. 1.—Janus Claret Red does not transfer to wool very easily.

TasLe XVII.

Div 1 —Ahlzarine on chromium becomes rather browner on reduction with
Hydrosulphite BX.

TasLe XVIIL

Dw, 1 —Alkah Blue dyed on a tanmn and tin mordant 1s only partly strippcd
by weak ammonia, the solution being colourless

TanLe XIX,

Dw 1 —Greens of the nitroso group (Gambines, ete ) may become black on
reduction 1f the Hydrosulphite BX 1s msufficiently acid (formation of
ferrous sulphide)

TabLe XX,

Div 1.—Iron Buff and Khaki may become black on reduction 1f the Hydro-
sulphite BX 1s msulliciently acid (formation of ferious sulphide).

TapLe XXI.

Div 1 —Chrome Black (By) becomes light brown on reduction with Hydro-
sulphite BX, and persulphates change the colour to dark brown but
not to black.

Div 2.—Alizarme Black S [M] returns rapidly after 1eduction and gives
the sulphide reaction with stannous chloride It therefore appears to
fall into Division 10.
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blue needles having a coppery reflex. It is insoluble in water,
alcohol, dilute acids, and alkalies. In glacial acetic acid, pyridine,
phenol, cresol, aniline, and nitrobenzene it dissolves upon heating,
but crystallises out again in great part on cooling. Upon strong
heating it sublimes, forming a violet vapour which condenses to a
crystalline deposit on the cool sides of the tube.

The most convenient methods of estimating indigotine in
commercial Indigos are those which depend upon its oxidation to
isatine according to the equation —

(oh: 74 1:;>c = c<:;;>cﬁn4 +0,——> 2<CGH4<1:0H>CO)

For effecting this oxidation a standard solution of potassium
permanganate 18 employed, the reaction with which should pro-
ceed theoretically according to the equation:—

co co
5(G<,H4<NH>C .l NH>CGH4> +4KMnO, + 6H,S0,

co
:10<CGH4<NH>CO) +4Mn80, + 2K,S0, + 6H,0

In order to render the Indigo soluble in water it is first converted
mto a disulphonic acid (Rawson), or into a tetrasulphonic acid
(Bloxam) The product of oxidation is thercfore isatin-mono- or
di-sulphonic acid. On account of the lgh dilution, or for other
unascertained reasons, the reaction does not take place strictly in
accordance with the above equation, and a factor is therefore used
which represents the results obtained experimentally with pure
indigotine under the same conditions. This factor varies somewhat
with the method of analysis employed.

I. Disulphonic Acid Method (Rawson !).—0 5 gram of the Indigo
in fine powder, dried at 110°,1s weighed 1nto a small beaker, and to
it are added about 8 grams of white quartz sand and 20 ce of pure
concentrated sulphuric acid.  After mixing with a glass rod, the
beaker and its contents are placed in a water oven and heated at a
temperature of 70° to 75° C. for an hour, the mixture being mean-
while occasionally stirred The sulphuric acid solution is then
pourc,i off from the sand into a half-litre flask, the sand remain-
1ng washed with water and the whole diluted to about 400 c.c.

1 C Rawson, J boc Dyers and C’ols 18‘30 pp 74 and 201 J \nc (,hem Ind
1889, p 261.
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10 cc. of a 10 per cent. solution of barium chloride are then added
and the whole made up to 500 ce. The barium sulphate formed
settles quickly and carries down with it impurities present in the
Indigo which would otherwise mask the end point of the titration.
After standing for half an hour, 50 c.c. of the clear solution are
drawn off, diluted with 300 cc of distilled water, and titrated with
N/50 potassium permanganate (0632 gram per litre). The end
point is obtained when the solution has a pale yellow or orange
colour free from any bluish or greenish tint The quantity of
indigotine present is given by the factor 1 c.c. N/50 KMnO,=
000147 gram indigotine.

With natural Indigos containing more than 1 or 2 per cent of
indirubine the end point instead of being yellow 1 orange or red,
which tint, however, changes to yellow upon further addition of
permanganate It1s possible in this manner to estimate approxi-
mately the amount of indirubine present. Ifor more exact estima-
tion of the latter the colorimetric method given by Perkin and
Bloxam 1is to be followed.

II. Tetrasulphonic Acid Method (Bloxam!)—1 gram of the
powdered Indigo, dried at 110°, is weighed out mnto a small spouted
beaker. 2 or 3 grams of white quartz sand are added, and 5 ce of
fuming sulphuric acid (20 per cent. SO, for fairly pure Indigos
or 25 per cent. SO, for crude Indigos). The mixture is stirred with
a short glass rod, then covered with a watch glass and heated in the
water oven for three-quarters of an hour at 96° to 98° stirring at
intervals. After cooling, the sulphonic acid solution 18 transferred
to a 500-c.c flask containing a little water, and to 1t is also added
the washings of the beaker, glass rod, and sand. 'The whole is then
made up to 500 c.c. 100 c.c. of this solution are placed 1n a conical
beaker, together with 100 c.c. of a solution of potassium acetate
containing 450 grams per litre  The mixture is heated just to the
boiling-point in order to dissolve the precipitate first formed, then
cooled at once in running water, and finally allowed to stand for
an hour upon ice. If the acetate solution 1s boiled for any length
of time there is a liability for destruction of Indigo to occur The
potassium tetrasulphonate, which separates out upon cooling as a
crystalline precipitate, is collected 1n a Gooch crucible and washed
with an ice-cold solution containing 225 grams of potassiuim acetate

''W P Bloxam, J Soc Chem Ind., 1906, p 735, 1907, p. 1174
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and 124 grams of glacial acetic acid per litre. If the Indigo 1s pure,
the filtrate is neaily colourless, or at most has only a pale blue
tint.  'With nnpure Indigos the colour of the filtrate will depend
upon the character of the impurities, thus if indirubine 1s present
a red filtrate is obtained. The Gooch crucible containing the
tetrasulphonate is now placed in a funnel, resting in the neck of
a 200-c c. flask, and the contents are washed out with hot water,
adding any precipitate which may have remained adhering to the
conical beaker The whole is then made up to 200 ce. 20 ce
of this solution are transferred to a shallow porcelain dish,
acidified with 05 cc of pure concentrated sulphuric acid, diluted
with 80 ec of water, and titrated with a potassium permanganate
solution contaming 1 gram KMnO, per litre. The quantity of
indigotine present is given by the factor. 1 c.c. of 0’1 per cent.
KMnO, =0 00222 gram mdigotine. If the titration is effected with
N/50 KMnO,, the required factor will be. 1 c.c. N/50 KMnO, =
000140 gram indigotine

Although the tetrasulphonic acid method is not as rapid as the
disulphonice acid method, 1t 13 capable of greater exactitude and 18
to be preferred when impure Indigos are to be estimated.  In such
cases the end pomt 13 often uncertain and difficult to ascertan
with precision unless the impurities are first removed. With
Indigos of high purity the two methods agiree well. In the case
of both methods, however, the presence of starch i the produet
may lead to erronecous (too low) 1esults In such case it is
necessary to previously boil the sample with dilute hydrochloiie
acid (4 per cent. HCI) for an hour before proceeding to the
analysis.

Testing of Indigo-dyed Woollen Materials

The prevalent practice of “topping” or “bottoming” Indigo-
dyed materials with other colouring-matters, which frequently
possess a smaller degree of fastness, has called forth an urgent
necessity for methods of ascertaining the quantity of Indigo
present on such dyed materials and of investigating their other
comstituents The above custom derives a certain justification from
the domand of the public for reddish navy blue shades not easily
dyed with Indigo alone, or for colours of a fastness to rubbing
which is very difficult to secure with pure Indigo. At the same
time the practice has led to great abuses, and large quantities of
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<«

cloth are sold as “guaranteed Indigo dyed” or “ guaranteed pure
Indigo” in which only a small fraction of the total dyestuffs is
actually Indigo, whilst 1n some cases none at all is present. Where-
as formerly only a few dyestuffs were used for “topping” or
“bottoming ” Indigo blues, an enormous range of colouring-matters
are now employed for this purpose, some of them red, some violet,
and some blue The analysis of such mixtures has therefore
become a very complicated matter, and the simple tests which were
formerly in vogue can no longer be trusted to give any reliable in-
formation. Thus the “mtric acid spot” test, still largely relied
upon by merchants, which depends upon the production of a bright
yellow spot with a green rim when the dyed cloth is touched with
a drop of concentrated nitric acid, is given not only by Indigo but
also by a number of substitutes, so that 1ts indications are absolutely
fallacious. Similarly, the “boiling oft” with dilute hydrochloric or
sulphuric acids, which was formeily considered to remove fromn
the fabric all dyestuffs other than Indigo, 18 now no longer to be
depended upon, since many of the “acid” and “ mordant” dyestuffs
used in conjunction with Indigo are unaflected by this treatment,
and hence would be regarded as Indigo At the same time, these
older tests may be found of service when used together with the
newer methods to be described later.

The methods hitherto proposed for the quantitative estimation
of Indigo upon animal fibres by extraction with glacial acetic
acid, acetic-sulphuric acid, or hydrosulphite, are mostly un-
satisfactory, since they do not afford a reliable means of accurately
estimating the quantity of Indigo in the presence of other
dycstufls  They are also tedious and slow to carry out, whilst
they are liable to be rendered 1maccuiate by the contamination
of the extracted Indigo with decomposition products of the wool
fibre These difficultics are overcome by the employment of the
methods worked out by Green, Gardner, Lloyd, and Frank.!

It is clearly of mmportance not only to be able to estimate
the Indigo present upon a textile material, but also to deter-
mine the relative proportion of the total shade attributable to
Indigo and that due to other dyestuffs accompanying it.
Furthermore, it is desirable to ascertain whether the associated

1 An 111;-é.sxflga£lox1 carried out on behalf of the Textile Institute by A G.
Green, W. M. Gardner, L. L. Lloyd, and G. H. Frauk, J. Soc Dyers and Cols.,
1913, p. 226; 1914, p. 15.
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dyestuff or dyestuffs are fast to light, washing, and wear The
subject may therefore be considered under three heads, namely
(@) estimation of Indigo on the fibre, (b) determination of the
relative colour effect due to Indigo and to concomitant dyestuff,
(¢) examination of the concomitant dyestuff

Various forms of imner tube
o

N p P
A

Form A Foim B, Form C.
B —-Boiling flask
F —Jacket tube
C —Condenser

f.—Funnel tube

p.—Glass pomnts fixed on to furnish passage for vapour
round the mner tube

o —Overflow foir hquid

Fi¢ 1.—Lloyd’s Extraction Apparatus,

A. Estimation of Indigo on the Fibre.—The most suitable
means of extracting Indigo from the wool fibre for purposes of
anslysis consists in the employment of pyridine and in effecting
the extraction at the boihng-point of the solvent. In the
method hitherto employed, the extraction was effected in an
ordinary Soxhlet extractor (usually with glacial acetic acid)
Under these conditions the operation is unduly prolonged.
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thus increasing the action upon the wool substance, whilst the
extraction is frequently ncomplete by 1cason of the fact that
the solvent is much below 1ts boiling-point when 1t comes in
contact with the fibre, which through the long treatment has
become shrunk and impervious. This difficulty is overcome by
using the modified form of Soxhlet apparatus shown n fig 1, by
means of which the extraction can be etfected at the boiling-point
of the solvent. The apparatus consists of an outer tube, connected
with a Licbig’s or air condenser, in which is placed an imner tube
containing the cloth or yarn This inner tube may have the
various forms shown (A, B, or C).

The weight of cloth or yarn to be taken for gravimetric
estimations varies from 3 to 15 grams, 1¢ a sufficient quantity to
give fiom 003 to 010 gram of Indigo. The matenal 1s packed
loosely mto the mner tube 1if packed too tightly Indigo may
separate in a crystalline form on the mterior suiface of the tube
and 18 only slowly redissolved In the apparatus of form A, the
hot extract 1s syphoned intermittently into the distillimg flask.
With form B, the solvent is directed to the bottom of the tube
by means of a long funnel, and then rises thiough the material,
overflowing through the side opening near the top In the foim
C, 1t percolates continuously through the matermal, owing out by
the small hole at the bottomn of the tube. The simpler form of
tube O 18 that which 13 generally preferred, as it gives good results
with all cloths and is casy to make The tube is drawn out at
the end, and some glass pomts are fused on to the outer surface
80 as to furnish a passage for the vapour of the solvent A httle
white wool, cotton wool, or crushed quartz 1s placed at the bottom
of the tube, as a filtering and 1egulating medium.  The ontice and
packing should be so adjusted as to prevent the condensed solvent
from running through too quickly and so to allow of the accumu-
lation of a head of liquid above the cloth. The latter is made into
a roll which loogely fits the tube. In the extraction of Indigo from
heavily felted cloth 1t is recommended to cut the material into
small strips or pieces, and 1f necessary to stop the extraction after
an hour and rearrange the contents of the tube.

Extraction 1s continued untal the extract no longer hasva blue
colour The thickest materials can be completely extracted in
four hours at most, whilst ordinary materials do not require more
than one and a half to two hours
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With the above apparatus satisfactory results can be obtained
by the employment of either pyridine or glacial acetic acid as
the extracting solvent  Pyridine, however, on account of its
higher solvent action and more neutral properties, possesses con-
siderable advantages and is to be generally preferred. It attacks
the wool much less, producing less shrinkage, and gives a purer
Indigo, requiring less subsequent washing with acids and alkali.
It algo penetrates the cloth more readily, and hence is capable of
entirely removing Indigo from very dense fabrics, when complete
extraction by acetic acid is almost impossible. 100 c.c. of com-
mercial pyridine are put mto the boiling-flask, which is heated
over wire gauze or upon an air bath. When the pyridine runs
through colourless, which usually 1equires about two hours, the
extract 18 distilled down to about 20 or 30 ce, the pyridine
recovered being kept for future use. The extraction flask
is then set aside to cool, when the greater part of the Indigo
separates in well - formed bronzy crystals  To complete the
I;rempltation 100 c.c of 50 per cent. alcohol 1s added, and after
heating to boiling, the liquid 1is filtered either through an ordinary
Gooch crucible provided with filter-paper or asbestos, or thiough
a glass filtering-tube containing glass wool  Before weighing the
filter for use, it is washed with exactly the same liquids as are
to be used for washing the precipitated Indigo, and then dried
at 110°. The filtiation through a Gooch crucible is very rapid,
taking less than two minutes. The precipitate is washed on the
filter successively with hot 50 per cent alcohol, hot 2 per cent.
caustic soda, hot dilute hydrochloric acid (1 per cent.), hot water,
alcohol, and finally alcohol and ether. The crucible 1s then dried
at 110° and weighed. An alternative method is to wash with cold
20 per cent sulphuric acid, and then with hot 10 per cent. caustic
soda or ammonia, and finally with water and with alecohol The
appearance of the Indigo is a guide to its purity It should form
a bronzy crystalline powder testing 100 per cent by the tetra-
sulphonic acid method. A dull appearance shows the presence of
impurities.

1f 1t 18 desired to estimate the Indigo by titration instead of
by diré&ct weighing, the precipitate 1s collected on a Gooch crucible,
the bottom of which is covered with a little asbestos After
washing with acids and alkalies as above, and drying for a short
time, the crucible is placed in a small beaker containing 15 to 20
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c.c. of pure concentrated sulphuric acid, and the Indigo sulphonated
by heating in an oven at 70° to 80° C. during three-quarters of an

TABLE XXII.
(Topped Blues)

Percentage of Indigo found
I ¢
Description Observer “ Observer | Observer
(by (by (by
weight). | titration) | weight)
A 7 %
Cloth dyed with puie Indigo . 1-68 179 173
Same topped with the following dyestufls :—
29, Chrome and 27/ Sulphoncyanme 5R extia . 169 172 172
2% Chrome and 159 Brilllant Aliz Blue R pdr. 171 174 167
139 Topping Violet RTN (B A 8.F.) . 167 176 166
29 Indocyammne 2R (Ber Co ). 168 172
14% KEno Fast Puirple A (Geigy) . 169 177 169
2% Fast Acid Violet R (M L and B) . 171 175 172 f
139 Chiome and 29 Chrome Blue A(B A S F) 164 173 170
137, Chiome and 29/ Palatine Chrome Blue B 159 178 177
27, Chrome and 29, Hwematine Crystals 170 168 170
1}, Chrome and 27, Eniochrome Azuiol B . 165 172 168
137, Chiome and 2% Omega Chiome Cyanmne B 168 167 162
29 Chrome and 1349 Alizaiine Blue Black B 171 168 169
2% Chiome and 89/ Alizarine Blue GW double 167 105
29, Chrome and 2/ Sulphon Daik Blue 2B 172 169 172
29 Chrome and 2% Wool Fast Blue BL (By ) . 167 174 162
2% Chrome and 27, Sulphoncyanine GR extia 169 169 166
29 Chrome and 14% Indochiomine 2R conc 173 169 169
29 Chrome and 209, Cudbear 170 165 165
29 Chrome and 79, Gallein paste 167 174 166
29 Chrome and 79, Gallocyanine paste 174 173 162
27, Chrome and 59 Alzarine Cyamme 3R
double paste . . . . . 169 173 160
29 Chrome and 29, Lanacyl Violet B (Cass.) . 165 176 169
29 Chiome and 2% Soluble Blue (L D. Co ) 169 173 1'68
29 Chrome and 29, Acid Chrome Blue 2R (By ) 165 175 165
2% Chiome and 2% Eriochrome Blue BR (Gy ) 167 174 162
1% Acid Violet 4BRS (Sandoz) 170 176 172
149 Omega Light Violet R (Sandoz) 172 175 172
Myrobalans and ‘‘ Nitiate of Iron " . 171 178 166
39 Chrome and 349 Fustic . . 173 172 164
2% Pieric Aed 170 176 1468
27 Chrome and Logwood . . . 172 170 162
Myrobalans and Ferrous Sulphate . . 172 165 163
Indigo Extract . . . 166 166
Starch . 162 160 162
Magnesium Chloride . 161 v 162

hour, The solution is then made up to half a litre and titrated in
the usual way with N/50 permanganate, employing 100 c.c. at a time
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diluted with 200 cc. of water. The percentage of Indigo is found
from the factor. 1 c.c. N/50 permanganate corresponds to 0 00147
gram Indigo.

The accuracy of the method 15 not affected by the presence
upon the cloth of other dyestutls m addition to Indigo  These
either remain behind, or if extracted do not separate with the
Indigo or are removed therefrom upon washing with acids, alkalies,
and alcohol. This 1s shown by the comparative analyses contained
in the two appended tables  In Table XXIL 1s exlubnted a series
of analyses by two independent observers of an Indigo-dyed cloth
before and after topping with a variety of different colouring-
matters In Table XXIIL is given analyses of cloths dyed with
various red dyestutfs which afterwards have all been dyed simul-
tancously in the same Indigo vat.

TABLE XXIII.
(Bottomed Blues )

Percentage of Indigo found,

Description Observer | Observer | Observer
A B B
(by (by (by

weight) | titration) | weight).

Cloth bottomed with — % % %

17 Azo Fuchsine G . g4 220 237 214
29 Chrome and 89 Cudbear . . ) 216 202 197
2% Chiome and 1%, Ahz Red IWS (M) EE 209 207 194
2% Chrome and 209, Sanderswood Z5 2138 2:00 198
27, Chrome and 307, Camwood 2y 2 23 2 05 2 02
9% Chiome and 20% Barwood N 214 205 1:96
19, Chrome and 19, Omega Chrome Rcd I’; g 2 20 213 208

B. Determination of the Relative Colour Effect due to Indigo
and to Concomitant Dyestuff—It is obvious that the simple
statement of the percentage of Indigo upon a cloth as found by
analysis does not atford to anybody but an expert an 1dea of the
quatity of the dye. What is required by manufacturers and
merchants, and indeed by the public in general, 1s a means of
ascertaining what proportion of the total depth of colour is due
to the Indigo present. The solution of this problem is a difficult
one, as besides the difficulty of finding an instrument capable of
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accurately measuring depth of colour on fabrics, we are also faced
with the fact that the dyestuffs accompanying the Indigo are not
necessarily blue but are frequently violet or red. In the absence
of a more accurate colour-measuring instrument, results of sufficient
exactitude for practical purposes are obtainable by the use of the
Lovibond tintometer, provided that certain precautions are taken.

Fi1c. 2.

This instrument consists of a double tube, through one eye-piece
of which the pattern is viewed, through the other a piece of white
material. Between the latter and the eye can be interpesed a sevies
of standard coloured glasses, red, yellow, and blue, by means of
which the pattern is matched. A form of this instrument (fig. 2)
which is especially suitable for the purpose in view is provided with
three apertures instead of two, the central one being used to view
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the pattern, whilst the two outside ones are employed for the match-
ing glasses  In this way the pattern may be compared with two
sets of matching glasses at the same time. The standaud glasses
bear numbers expressing their depth of shade, and by adding these
together the units of red, yellow, and blue 1equired to match the
pattern are obtammed  Since the relative proportions of red, yellow,
and blue hght reflected by an ndigo blue pattern changes as the
shade becomes darker, the red inereasing at a greater rate than
the blue, it is obvious that as a measure of the depth of shade, only
the sum of the total colour umts can be employed, which is given
by adding together the umts of red, yellow, and blue obtamed from
the glasses required to mateh the pattern.

A graded series of patterns, dyed with pure Indigo upon white
wool, m which the percentage of Indigo present had been carefully
determined, gave the followng results when measured by the
titometer m a good north hght —

TABLE XXIV.

Percentage Indigo Tintometer Measwicments
nesent (hy e
Numbe ]mml) o19)
(Mean Result ) Red Yellow ) Blue Total Units
1 045 4°0 2:6 109 175
2 0 55 49 29 114 19 2
3 070 61 34 121 216
1 085 71 30 127 23 3
5 105 81 35 12 96 24 86
6 125 90 40 130 26 0
7 140 96 43 131 270
8 170 10 8 47 135 29 2
9 220 117 59 13 6 312
10 2 50 122 66 137 325
11 271 125 83 130 338
12 355 13 2 94 140 36 6
13 445 137 98 145 380

By plotting the total tintometer unmits as abscisse and the Indigo
percentages as ordinates a regular curve 1s obtained (fig. 3). There
18 thus a defimte relation between the percentage of Indigo on the
material and the tintometric readings.

Having constructed such a curve from a series of Indigo dyeings
of known strength, 1t can be employed to determine from the
tintometer readings given by a certamn cloth the percentage of
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Indigo upon it when the cloth has been dyed with Indigo alone;
or when dyed with other colouring-matters in addition, the
percentage of Indigo which would be required to give a shade
of corresponding depth were Indigo only used. Furthermore,
when the actual percentage of pure Indigo upon the cloth has
been determined by analysis one can express the colour effect due
to the latter (obtained from the curve) as a percentage of the
total colour, measured in terms of the amount of Indigo which
would be required to give the shade 1f Indigo alone were employed

, /
/

‘, i

|

0.

% Indigo by analysis

/"

[} E] 0 5 20 25 30 35 40
Fre 3 —Readings on Lovibond’s Tintometer (Total Colour Units)

This ratio, termed “the percentage colour effect due to Indigo,” is
. . 100A . .
given by the expression = g which A =the percentage

of Indigo found by analysis and C=percentage of Indigo given
by the curve corresponding to the total tintometer units read It is
obvious that this value could not be obtained from the direct ratio
of the tmtometer colour umts corresponding to the Indigo present
and to the total shade, since the depth 1s not directly proportional
to the amount of dyestuffs present, but increases at a constantly
dimimishing rate as the shade becomes darker. It has been asctr-
tained by examination of a laige number of patterns dyed with
pure Indigo that the same percentage of Indigo gives substantially
the same tintometric reading for all classes of materials composed
of wool independently of the quahty and weave, or whether dyed
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in the raw wool, yarn, or piece. It has also been established that
in mixed shades the tintometric reading is the same whether the
additional dyestuff has been employed as a “bottoming” or as a
“topping” colour.

Since the readings obtained with the tintometer vary consider-
ably with the locality, time of yecar, method of observation, and
individual differences of eyesight, it is not possible to give absolute
numbers for the correspondence of the Indigo percentage with the
depth of shade, or to lay down a fixed curve. Even readings by
the same observer on different days may differ considerably through
variations in the daylight. It is, thercfore, necessary that the curve
given above should only be used as an approximation to be
corrected at the time of use by taking tintometer readings of a
series of four o1 five standard shades of pure Indigo kept for the
purpose, in which the percentages of Indigo have been accurately
determined by analysis  Having also obtamed by analysis the
percentage of Indigo in the matciial under examiation, the value
for the “percentage colour effect due to Indigo” can then be
deduced from the corrected curve. For example, a sample of
cloth dyed with Indigo and topped with other dyestufls 1s found
to contain 15 per cent of Indigo by analysis, and gives a total
teading of 32} colour units on Lovibond’s tintometer From the
curve 1t is seen that a shade dyed with pure Indigo to give a
reading of 321 colour units has to contain 24 per cent of Indigo
Therefore, “the percentage colour eftfect due to Indigo” on the

. 1'5x 100 .
pattern is — 24 -=625. All the analyses and tintometer
measurements are made upon cloth containing its “condition
moisture,” usually about 14 per cent H,0.

Whilst with blue shades of moderate depth the results obtained
by the above procedure are sufficiently accurate, the method ceases
to be applicable when the Indigo present exceeds 2 or 25 per cent,
since with dark shades the curve approaches more and more to
the perpendicular, and a relatively large mcrease in the percentage
of Indigo produces only a small inciease 1n the tintometiic reading
Inesuch cases another method can be employed, which 1n fact 18
capabke of general application both for hght and heavy shades
This consists 1 removing the Indigo from the pattern without
disturbing the accompanying dyestuff or dyestutls, the colour effect
of which is then determined sepaiately by the tintometer. By
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means of the curve, the tintometric reading of the residual colour
may be expressed as the equivalent in depth of so much Indigo,
and the ratio of this to the actual Indigo present obtained. Thus,
if B equals the Indigo equivalent of the residual colour lett after
removal of Indigo, and A equals the Indigo actually present as
determined by analywsis, then the “percentage colour effect due
100A
A+B

In order to carry out this second method it is necessary to be
able to strip the Indigo completely from a compound shade and to
leave the “topping” or “bottonng” colour almost unaltered. A small
change of shade of the latter does not matter provided the depth
18 not affected  Ina large number of cases this may be satisfactorily
accomphished by employing either boiling glacial acetic acid or
boiling pyridine as the stripping agent for whereas many dyes
are removed from wool by one or the other of these solvents,
comparatively few of them are stripped by both, those which are
dissolved by the one being usually not affected by the other. In’
using these solvents care should be taken that they are anhydrous
as a small perecentage of water inercases their solvent action on
dyestuffs other than Indigo The acetic acid should therefore be
frozen and the separated erystals remelted, whilst the pyridine
should be carefully diied over sohd caustic soda  Tor the same
reason, the pattern to be extracted should be previously dried 1n
a steam oven

The extraction 18 carried out 1n the same manner as described
above for the Indigo estimation Ag there are a few colouring-
matters which are removed from the wool by both glacial acetic
acid and by pyridine, some other solvent of more general applhca-
bility is also desirable This is atforded by ecresol mixed with a
certain proportion of a hydrocarbon of lower boiling-point  One
hundred parts cresol (best commercial eresylic acid, 97 to 98 per cent )
with 30 parts of “solvent naphtha” of boiling-point 125°to 140° C,
or 75 parts of cresol with 25 parts of “turpentine substitute” or
heavy petroleum spirit of boiling-point 155° to 170° C, have
proved to be suitable mixtures The extraction is effected in this
case with an ordwnary Soxhlet extractor, which 1s provide& with
an air or water condenser The sample, previously dried in a steam
oven, is laid on a little loose wool and covered lightly with a further
layer of loose wool, a thermometer being placed with its bulb in

to Indigo” equals
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contact with the pattern. The proportion of hydrocarbon ti
cresol is so adjusted that the temperature of the extractin
liquid round the pattern does not exceed 110° C, and 1s prefer
ably about 100° to 105° C. The lower the temperature at whicl
the extraction of the Indigo can be effected, the less the dange
of disturbing the concomtant dyestufts  Carce should be taker
not to continue the extraction after the Indigo has been completely
removed, or a loss of residual colour may occur. Carried ou
with care this method of separation 1s capable of alimost universa
application

The behaviour of the three solvents, acetic acid, pyridine, an
cresol mixture, towards a variety of colouring-matters dyed upom
wool in conjunction with Indigo is shown in Table XXV. Th
minus sign indicates that the colour 1s stripped, the plus sign tha
it is not affected or only shightly, and the sign (4 —) that i
is partially removed. Those dyestuffs marked by an asterisl
are changed in shade In all cases the Indigo was completel;
*removed by the solvent.

Only the “acid” and “ mordant” dyestuffs are here taken int
consideration, as “basic” dyestufls are very rarely employed T
the exceptional case of a “ basic” dyestuft being used as a “topping
or “bottomimg” colour for Indigo, it will be removed from th
fibre completely by all thiee solvents, and 1t would therefore b
necessary to employ a somewhat different method of examinatior
as, for istance, to extract the “basic” dyestuff first by means o
alcohol or 1 per cent hydiochloric acid, after which it could b
transferred from the solution to white wool 1 order to estimat
its amount.

The association with or substitution for Indigo of other “vat
dyestufts need also not be considered, as owing to their high prie
they scarcely come mto consideration in this conneetion  Only th
mono- and dibromo-indigos are occasionally used to give redde
shades  These would be extracted by pyridine and included witl
the Indigo if weighed ducctly, but m view of their close similarity
to Indigo, and even greater fastness, theve would be little objection
toetheir bemng returned as such. Tetrabromo-indigo (Ciba Blue
BromeIndigo FB) can be separated from Indigo by heating witl
concentrated sulphuric acid, which sulphonates the latter only
the percentage of which can then be found by titration witl
permanganate
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TABLE XXV.

Name of Colounng-matter

Sulphoncyanine 5R extia (By.) .
Bulliant Ahzarine Blue R (By ).
Topping Violet RTN (B.A S.F.)
Indocyamme 2R (Ber )

K10 Fast Purple A (Gy )

Fast Acid Vlo}et R(M L and B.)

Chrome Blue A (B A S F.).

Palatine Chiome Blue 2B (B ASF )
Hematine Crystals . .
Enochiome Azmol B (Gy. )

Omega Chrome Cyanine B (8/)
Ahzarine Blue Black B (By )

Ahzarine Blue SW (B A S.F.)
Sulphon Dark Blue 2B

Wool Fast Blue BL (By )
Sulphoncyanine GR (By )
Indochiomine 2R cone (Sz.)
Cudbear on Chrome

Azofuchsine

Alizarine Red IWS (M L and B)
Sanderswood and Chiome
Camwood and Chrome

Baiwood and Chrome . .
Omega Chrome Red B

Gallan Paste

Gallocyanine .

Alzanne Cyamne 3R
Lanacyl Violet B (Cass )
Soluble Blue

Acid Chiome Blue 2R (By. )

Enochiome Blue BR (Gy )
Acid Violet 4BRS (S/)
Omega Light Violet R (57 )
Myrabolans and lion
Fustic and Chrome

Picric Acd . . .

Logwood and Chrome.
Indigo Extract
Eriochiome Red BR (Gy )

Acetic
Acd

A

[N
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+
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In order to illustrate the degree of correspondence of the abdve
two methods of estimating the relative depths of shade aue to
Indigo and accompanymg dyestutl, the following analyses made
with five navy blue serges are given.

These were tested by the

tintometer together with the bottom shades (Alizarine Reds) upon
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which they were dyed, and also the same serge dyed in th
white state from the same vat at the same time, and therefor
containing approximately the same quantity of Indigo In eac
case the total number of tintometer units found were translate
by means of the curve into percentage Indigo equivalents, th
following numbers being obtained -—

TABLE XXVI.

Indigo Equivalents from Curve (percentages).
Number of

Sample. Blue dyed on | Red Bottom Compound
Whate Serge. (=B) Shade (=C).

1 2 41 038 284

2 156 048 210

3 135 050 185

4 146 078 2 30

5 1:96 1-25 325

The actual Indigo present on the patterns was found b;
analysis to be as follows —

TABLE XXVII

Percentage Indigo present.
Number of -
Sample Blue on Compound I Avcrage

Wihite Serge Shade (=4A)
1 239 229 2 34
2 152 152 152
3 1-28 1:33 131
4 144 141 1:42
5 1-85 188 186

+ Calculating for these five patterns the “ percentage colour effec
due te Indigo,” firstly from the tintometer readings alone, anc
secondly by making use of the two equations —

_100A I o 100A
C ’ TA+B

I =
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i

the following results are obtained —

TABLE XXVIII,

Percentage Colom Effect due to Indigo
Number of — —_—
Sample From Tinto- B
. y By
meter Values | yjephod I | Method 1L

1 822 84 8 86 0

2 724 738 76 0

3 70 8 729 724

4 617 635 64 H

5 57 2 60 3 69 8

The results by the different methods are therefore in good accord.

The limits of accuracy of the sccond method 1s also exhibited
by the following scries of analyses of various commercial samples
(Government and Official cloths) carried out by two independent
observers, the first of whom used cresol mixture and the seecond
dried pyridme for removing the Indigo.

TABLE XXIX.

Y re O e
Indigo found by Indigo Equivalent of Percentage (JOl““rI};gZCt
Analysis (= A). Residual Colour (=B)  |due to Indigo (: AL ,>
+D
Number of
Sample, | = [ I
Obsetver | Obseiver | Observer Observer Observer Observer
B. A B A B
235 252 055 072 80 7
2 204 259 0 20 022 92 92
3 418 418 0068 072 86 85
4 3 23 3 35 068 0565 83 86
5 323 312 030 0 36 91 90
6 30 3 26 065 065 82 83
7 423 420 0 30 032 93 93
8 254 2 60 076 048 77 84
9 282 290 000 002 81 82
10 291 303 0 40 0 32 88 90

In using the tintometer the reading should be made in 4 good
north hight coming fiom the front, and the instrument should be
placed upright or at an angle not less than 70° to the horizontal,
taking care that there 18 no top light to cast a shadow on the
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pattern. When a Dufton-Gardner “Dalite” arc lamp is available,
this may be used with advantage in place of daylight as a constant
source of illumination, the lamp being placed within a foot or so
of the tintometer and nearly on a level with it. For further details
respecting the use of the tintometer the reader is referred to the
Measwrement of Light and Colour Sensations, by J. W Lovibond
(George Gill & Sons, London).

C Examination of the Concomitant Dyestuff. —In judging
the qlullty of a navy blue material dyed with Indigo in conjunction
with other dyestufls, it 18 necessary to consider not only the pro-
portion of Indigo present, but also the degree of fastness of the
accompanying dyestutf. It 1s obvious, for example, that a cloth in
which 50 per cent of the shade is duc to Indigo and 50 per cent. to
Alizarine Red 1s to be prefeired to another i which 60 per cent
18 due to Indigo and 40 per cent to Logwood. It is therefore
necessary for a complete examination of an Indigo-dyed cloth that
the identity, or at least the class of the associated dyestuft should
De ascertained and tests made for the fastness of the latter to light,
washing, etc  Although until recently this was usually an im-
possible task, the methods deseribed above of separating Indigo
from associated dyestufls render 1t comparatively casy — The colour
left upon the wool after extraction with acetic acid, pyridine, or
cresol can be submitted to direct examination i the manner
desciibed in Chapter V, and the fastness ascertained by subjecting
it to the usual tests for hight, soap, washing, ete. In cases in which
more than one “ topping ” or “bottoming ” colour has been employed,
indications of the composition of the mixture may often be obtained
by comparing the 1esidual colour left after extraction by different
solvents (acetic acid, pyridine, or cresol)

In many cases when tune will not admit of a full analysis, it is
desirable to test approximatcly the quality of the dyed material,
and the methods described above may be used by the practical dyer
or merchant to obtain quickly a general idea of the composition
and fastness of the shade. Small patteins of the material can be
stripped in about twenty minutes with the cresol mixture by
employing a simple extraction apparatus, or by heating with the
solvent 1n small beakers placed i a water or steam oven. By
means of the eye alone a rough estimate can be formed of the rela-
tive proportion of Indigo to residual colour, and the latter can also
be tested for fastness, and if nced be, identified For work of an
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approximate character it is also possible to replace the use of the
tintometer by a series of standard shades of pure Indigo of known
Indigo percentages, with which the pattern may be compared by
the unaided eye before and after stripping with cresol. In a few
cases, e.g. mixtures of Indigo with Logwood or of Indigo with
Alizarine Reds, the Indigo may either be removed first by extrac-
tion with cresol, leaving the accompanying dyestuff on the fibre, or
the latter may be stripped by boiling with dilute sulphuric acid
and the Indigo left upon the fibre It is thus possible when Indigo
is accompanied by one of these dyestufls, together with an “acid”
or “ acid-mordant ” dyestuff, to effect a separation of all three con-
stituents by applying both methods. For example, a blue composed
of Indigo, Alizarine Red SW, and Eriochrome Azurol, when boiled
with dilute sulphuric acid leaves the Indigo and Eriochrome Azurol
upon the fibre whilst the Alizarine Red dissolves On then ex

tracting the residual colour with cresol the Indigo dissolves, leaving
the Eriochrome Azurol.

Estimation of Indigo upon Cotton and Linen.

The pyridine extraction method deseribed above for wool may
be employed with equal advantage for the estimation of Indigo
upon cotton, the procedure being in every respect the same

Another method which also gives good results and is equally
easy to carry out is that devised by Knecht! This is performed in
the following manner —4 grams of the sample of dyed cloth are cut
up into small pieces and placed in a porcelain beaker, 25 c.c. of
sulphuric acid of 80 per cent. (61° Bé ) are now added, and the whole
stirred slowly, the temperature being maintained at about 40°.
After ten to fifteen minutes’ stirring all the cloth has gone into
solution. The contents of the beaker are now diluted to about
100 c.c. with water, boiled for a few minutes until the precipitated
Indigo becomes granular, and filtered through a Gooch crucible
containing asbestos or quartz sand covered with a layer of silica as
the filtering medium. After drying the precipitate at 110° to 120°,
it is sulphonated by heating with concentrated sulphuric acid for
an hour in the water oven, and then titrated with permanganate
(see p. 77). In oider to remove any accompanying dyestuff, it
is better to wash the precipitated Indigo prior to drying, with hot

! Knecht, J. Soc. Dyers and Cols , 1909, pp. 135, 160.
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dilute ammonia and finally with alcohol. The “topping” o
“bottoming ” of Indigo blues with other colouring-matters is no
as prevalent a practice in cotton as it is in wool dyeing. Never
theless “sulphide” colours are frequently employed as a botton
and the possibility of “basic” or “salt” dyestuffs being presen
must not be overlooked. “Vat” colours, excepting perhap
Thioindigo Red and Bromindigos, by reason of their high cost
need scarcely be considered as possible accompaniments. Neithe
of the above-mentioned methods of estimating Indigo on cotton ar
influenced by the presence of “basic,” “salt,” or “sulphide” dye
stuffs. “Vat” colours of the indigoid class are extracted by pyridin
and would be estimated as Indigo if weighed directly. If, how
ever, the precipitate obtained either by pyridine extraction o
by treatment of the fibre with 80 per cent sulphuric acid i
sulphonated and titrated with permanganate, only the Indig
becomes soluble, whilst Thioindigo Red and Bromindigos remai
Llndissolved and are not estimated

For ascertaining the depth of colour due to the accompanying
dyestuff when this belongs to the “sulphide” or “salt” classes, th
fibre is extracted with pyridine until all the Indigo is removed
after which the residual colour is examined and its depth measurec
in a similar manner to that already described for wool. If ¢
“basic” dyestuff is present, this is best removed first by boiling th
fibre with aqueous caustic soda followed by dilute acetic acid o
formic acid. The depth of the residual Indigo can then be com
pared with the depth of the original shade. If it is desired tc
estimate the amount of “basic” dyestufl’ more exactly, the patterr
must be boiled in “saline caustic soda,” and the “basic” dyestuf
afterwards transferred to a weighed amount of wool as describec
in Chapter V.



CHATTER VIIL
THE ANALYSIS OF PIGMENTS AND LAKES.

AvLTHOUGH the analysis of pigments and colour lakes is a matter of
growing importance to the manufacturer and user of these products,
such analysis has hitherto been attended with considerable
difficulties, and could only be attempted with any degree of
success by the expert possessing an extensive knowledge of the
dyestuffs generally employed in lake-making and of their pro-
perties. These difficulties have increased in recent years through
the great multiplication of the number of dyestufts in commerce,
and by the introduction of a variety of special products for th:
lake industry. A laudable attempt to overcome these difficulties
has indeed been made by George Zerr,}! who has published the
individual reactions of a large number of the dyestuff lakes now
in use. Although, however, the tests proposed may be employed
to supplement a systematic group separation, they are of too
empirical a nature to serve as a means of classification or separa-
tion, and would certainly require long experience before they could
be used for the identification of the mixtures so ficquently en-
countered in practice. The scheme which is here presented, and
which it is hoped may facilitate such investigations by placing the
analysis upon a more systematic basis, depends upon the same
principles as those described in earlier chapters for the examination
of dyestuffs in substance or upon the fibre, the final reactions for
classification and identification being etfected after transferring the
colour to wool or cotton.

The pigments and lake colours employed for paints, printing
inks, lithographic colours, wall-paper stains, ete, consist of (a)
mineral pigments, (b) mineral bases or substrata coloured by
organic dyestuffs.

The most important mineral pigments are Chrome Yellow and

1 Zerr, Tests for Coal-Tar Colours an Amiline Lakes. Enghish translation by
Dr Chailes Mayer, 1910.
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Chrome Orange (lead chromates), Zinc Yellow (zinc chromate),
Naples Yellow (lead antimonite), Cadmium Yellow (cadmium sul-
phide), Prussian or Milori Blue (ferrous ferricyanide), Ultramarine,
Bremen Blue (cupric hydroxide), Cobalt Blue (cobalt aluminate),
Schweinfurt Green (cupric acetoarsenite), Guignet Green (chromium
hydroxide), Chrome Green (Chrome Yellow mixed with Prussian
Blue), Zine Green (zine chromate and Prussian Blue), Red lead
(lead oxide), Vermillion (mercury sulphide), Chrome Red (basic
lead chromate), Venetian Red (ferric oxide), Yellow Ochre (clay
containing ferric hydroxide), Red Ochre (clay containing ferric
hydroxide and ferric oxide), Sienna (mainly ferric hydroxide),
Burnt Sienna (mamly ferric oxide), Lamp Black and Ivory Black
(carbon), Green Earth or Augite (complex silicate of magnesium,
wron, and aluminium or calcium) The examination of these pro-
ducts we need not discuss, they can be identified by the ordinary
methods of morganic analysis.

The pigments and lakes prepared from organic dyestutfs are of
a very varied character. The following are the most important
classes of dyestuffs used for this purpose -—

(1) Nitroamanes, such as Pigment Chlorine 2G and Lithol Fast
Yellow 2G These are formaldehyde condensation products of
primary nitroamines, such as of mitro-orthotoluidine. They are
soluble in boiling benzene (not very readily) and have a yellow
colour. They are rather volatile.

(2) Insoluble Azo Dyestuffs, such as Hansa Yellow, Pigment
Chrome Yellow, Autol Oranges and Reds, Lithol Fast Scarlets,
Pigment Reds, Pigment Bordeaux, ete. They are monoazo
compounds devoid of salt-forming groups (no SO,H, COOH, or
NH, groups). They all dissolve readily in hot benzene The
orange and red colours are derived from the diazo compounds
of aniline, nitranihines, chloranilines, toluidines, nitrotoluidines,
naphthylamines, etc, in combination with 8-naphthol. The yellows
arc obtained from similar diazo compounds combined with phenyl-
methylpyrazolone. The full analysis of such products can be
effected by subjecting them to reduction and isolating their decom-
position products according to*the methods given in Chapter IX.
The ﬂyestuﬁ's of this and of the preceding class are employed
in the manufacture of lakes by simply grinding them with a
mineral substratum or by mixing them with a substratum in
paste form.
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(8) Acid Dyestwffs.—This is a very large group of compounds
stly belonging to the azo class, but also containing many
nbers of the triphenylmethane, pyrone, anthracene, and other
ses. They are entirely insoluble in benzene. From the stand-
nt of lake manufacture they may be subdivided into the two
owing categories :—
(a) Dyestuffs (mostly azo derivatives of (B-naphthol and of
xynaphthoic acid) containing only one acid group and con-
uently sparingly soluble in water They are represented ’t.)y a
ge of red to violet products specially prepared for use as
ments, such as Lithol Reds, Lithol Bordeaux, Permanent Reds
and 6B, Lake Reds C, D, and P, Helio Oranges, Reds and
‘purines, etc. These colouring-matters give very sparingly
ible barium, strontium, and calcium lakes, which frequently
sess a much bluer shade than the sodium salts. They are either
und directly with the substratum or are precipitated upon it by
addition of a salt of barium, strontium, or calectum Owing to
ir sparing solubility they are frequently sold in the form of
tes; the product in some cases being the ready prepared barium
>ther alkaline-earth salt.
(b) Dyestuffs easily soluble in water, usually containing several
ohonic groups. These consist for the most part of the ordinary
n1d ” dyestuffs employed mn dyemng, such as Acid Yellows, Azo
wnges, Azo Scarlets, Azo Reds, Azo Bordeaux, Acid Violets, Acid
sens, Patent Blues, Eosines, Acid Eosines, Acid Rhodamines, Acid
zarines, ete. They are usually precipitated upon the substratum
means of barium chloride, or of barium chloride in conjunction
h alumina or tannin. They may be readily distinguished from
members of the previous category by the greater ease with
ich they leave the substiatum and pass into solution when
lake is heated with weak alkalies such as a 2 per cent solution
sjodium carbonate.
(4) Basic Dyestuffs, such as those of the triphenylmethane,
ae, oxazine, and thiazine classes. They are usually precipitated
m the substratum by means of tannin and antimony, or by a
, of phosphoric, arsenious, stannic, silicic, resinic, or fatty acid,
presence of aluminium hydroxide. They are also frequently
ployed for shading acid colours, previously precipitated by
wm chloride, in which case no further precipitating agent is
ded.
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(5) Mordant Dyestuffs, chiefly represented in lake pigments by
the aluminium compounds of alizarine, purpurines (Alizarine Reds
and Madder Reds), Alizarine Orange, Alizarine Bordeaux, Alizarine
Cyclamine, Anthracene Blues, Alizarine Cyanines, and Cochineal
Carmine. The aluminium lakes of these dyestuffs, though not
decomposed by weak alkalies, such as boiling 2 per cent sodium
carbonate, are split up by dilute hydrochloric acid (1 part of
comymercial acid to 10 parts of water). Under this treatment
Alizarine Red or Madder Red becomes yellow, and a small piece of
wool added to the solution acquires a yellow colour which is
changed to purple by ammonia or caustic soda. Alizarine Bordeaux
behaves similarly, but is less easily decomposed ~Cochineal Carmine
gives to wool an orange tint which also becomes purple with
caustic alkalies.

(6) Vat Dyestuffs.— The colouring-matters of this class, by
reason of their extreme degree of fastness to light and other
agencies, have 1ecently attracted much attention for pigment
manufacture, especially for the preparation of artist’s colours
Their employment, however, is considerably restiicted by their high
price Being entnely insoluble i water, they are incorporated
with substrata, eg alumimum hydroxide, by simply mixing them
with the latter mm a very finely divided form. The “vat” dye-
stufts of the indigoid and anthracene classes being mostly devoid
of salt-forming groups can be regarded as “neutral” compounds,
and hence they are more or less soluble in hydrocarbons. The
solubihity in benzene of the individual members of this class
varies considerably, however, and 1n the scheme of analysis employed,
colours of this group may either fall into the second section or
into sections 17 and 18. In either case, however, the dyeing test
on cotton affords an easy means of identification. The “vat” dye-
stuffs belonging to the sulphur class are for the most part insoluble
in hydrocarbons such as benzene.

The substrata, upon which the above dyestuffs are distributed
or precipitated, may be either (a) colourless substances, or (b)
coloured materials. The most important of the former are baiium
sulphate (“heavy spar”), calcium sulphate (“satin white”), china
clay, kieselguhr, calcium carbonate, lead sulphate, lead carbonate,
zinc white, lithopone, calcium phosphate, starch, ete. These are
used either ready formed in a finely ground state or are precipitated
with the lake by interaction of appropriate salts. The chief



102 ANALYSIS OF DYESTUFFS.

coloured substrata are red lead, litharge, ochre, umber, green earth,
and lamp black. In addition to these, any other mineral pigments
may be employed as a basis upon which to precipitate a dyestuff
with the object of adding to the brilliancy of the pigment or of
increasing its depth of shade The search for the dyestuft should
always be accompanied or preceded by an examination of the
substratum.

In proceeding to the investigation of the dyestuff it must be
borne in mind that it is a very common practice to employ more
than one colouring-matter, which may belong to the same or to
different classes. It is thercfore necessary before these dyestufts
can be identified to effect a separation of them so far as may be
possible. Whilst the annexed scheme may he employed as a means
of separation into classes, the separation of members of the same
class is often a more difficult task. Ior the latter purpose use can
sometimes be made of variations in solubility during treatment
with the group reagents, or with hot water, alcohol, ether, ete.
Thus whilst many “acid” dyestuffs are dissolved from the lake by
2 per cent. sodium carbonate either in the cold or on gently
warming, others require to be boiled, or may even necessitate
the use of aqueous-alcoholic sodium carbonate to effect solution.
In the case thereforc of a mixture of an easily soluble and a
sparingly soluble “acid” dyestuff, it is possible by proceeding
cautiously to effect the extraction of each separately, then to dye
each upon wool, and test them individually. Again, different “basic”
dyestuffs vary considerably in the case with which their tannin
lakes are decomposed by caustic soda, and when decomposed some
yield dye-bases which are soluble in water, whilst the dye-bases of
others are insoluble. Upon such differences a separation can often
be based, each colour being separately transferred to wool for
testing. In other cases again the capillary method of analysis
of Goppelsroeder may be found serviceable, the aqueous solution
being spotted upon thick filter-paper or strips of filter-paper hung
with their lower ends dipping into the solution. Zones of the
respective colouring-matters are thus produced, and these zones can
then be separately extracted with water and the colours transferred
to wool for testing. By making use of such methods of fractional
extraction, or of capillary separation, followed by transference to
wool, the identification of the constituents of a mixed lake can be
effected in a large number of cases. As it frequently happens that
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dyestuffs of two different shades are present, eg. a blue and a
yellow dyestuff in a green pigment, it has been thought best to
give a single table of separation, irrespective of shade, although it
will be at once apparent that the shade of the pigment affords
valuable assistance in identifying certain constituents and in
excluding others

The scheme comprised in the annexed table is primarily

intended for the identification of lake pigments derived from
organic dyestuffs, Inorganic pigments should be detected during
the progress of the inorganic analysis which in all cases is an
advisable preliminary in order to establish the nature of the
substratum employed. In view, however, of the fact that organic
dyestuffs may be used to shade or intensify a mineral pigment, it
has been considered advisable to indicate the behaviour of some
of the most important mineral pigments towards the reagents
employed in the scheme.
. Prussian or Milori Blue —Completely decolourised by boiling
with 2 per cent. sodium carbonate. The solution (if filtered from
ferric hydroxide) does not regenerate the colour upon acidification,
nor dye wool.

Ultramarine Blue and Ultramarine Violet —Not changed by
boiling with 2 per cent sodium carbonate. Completely decom-
posed and decolourised upon boiling with dilute hydrochloric acid
(1 10), sulphuretted hydrogen being evolved

Chrome Yellow —Not dissolved, but changed to Chrome Orange
by boiling with 2 per cent. sodium carbonate. Decomposed and
dissolved upon boiling with dilute hydrochloric acid (1:10), a
yellow solution containing chromic acid, which is taken up by
wool, being obtained.

Chrome Orange —Not dissolved upon boiling with 2 per cent.
sodium carbonate, but 1mmediately decomposed and dissolved by
dilute hydrochloric acid (1 : 10).

Zine Clrome —Decolourised upon boiling with 2 per cent.
sodium carbonate, giving a yellow solution of sodium chromate.

Cadmiwm Yellow—Not dissolved by boiling with 2 per cent
sodium carbonate, but slowly dissolved upon boiling with dilute
hydrdchloric acid, sulphuretted hydrogen being liberated.

Orange amd Red Lead —Not changed upon boiling with 2
per cent. sodium carbonate, but dissolved by boiling with dilute
hydrochloric acid (1 10).
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Venetian Red, Ochre, Sienna, Umber.—Unaffected by 2 per
ent. sodium carbonate and only very slightly attacked by boiling
ilute hydrochloric acid (1 - 10).

GQuagnet Green (hydrated chromium oxide).—Insoluble in all
he group reagents

Vermillion.—Insoluble in all the group reagents.

Lamp Black, Ivory Black, Acetylene Black, etc.—Insoluble in
11 the group reagents.

Reagents.—The following reagents are employed. It is im-
ortant that they should be used of the strength indicated.

Aqueous Sodium Carbonate (2 per cent ).—2 grams anhydrous
odium carbonate in 100 c.c. of water.

Aqueous Alcoholic Sodiwm Carbonate (1 per cent.)—50 c.c. of
he previous solution mixed with 50 cc. of alecohol.

Saline Cuaustic Sodw.—10 cec. of caustic soda lye of 35 to
0 per cent NaHO and 100 cc of saturated salt solution

Caustic Soda (5 per cent)—b5 grams of stick caustic soda in
00 c.c. of water. )

Weal: Formic Acid (1:100) —1 cc of commercial formic acid
f 90 per cent. to 100 cc of distilled water

Dilute Hwydrochloric Acid (1-10) — 10 cec. of concentrated
ydrochloric acid (30 per cent.) to 100 c.c of water.

Tanmwn Solution.—10 grams of tannin and 10 grams of sodium
cetate in 100 ce of water.

Hydrosulphite BASF.—Used solid.

Hydrosulphite AX.—Prepared as described on p 58.

Persulphate.—~Prepared as described on p 59.

Stannous Chloride —100 grams stannous chloride in 100 c.c.
f concentrated hydrochloric acid and 50 c.c. of water.

Procedure.—(General.—The analytical table which follows may
e employed in the examination of a lake pigment either in the
ondition of lumps or powder, or when applied to paper or other
urfaces in the form of a stain, lacquer, printing ink, lithographic
nk, paint, distemper, etc. The oil or other medium with which
he pigment is applied has usually but little effect upon the
ehaviour of the pigment with reagents. When the pigment is
n powder form, filtration is necessary between each step in the
eparation, but when the pigment is adherent to a surface such
s paper, wood, metal, etc, the extractions can generally be effected
vithout the substratum leaving the surface, so that the extract can
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be simply poured off, leaving the residue ready to be subjected to
the next reagent. This renders the work very expeditious and
makes it possible to effect a complete analysis in a very short time.
Even when the sample to be examined is in the form of powder
or lumps it will be frequently found convenient first to apply it to
paper by means of a suitable binding medium

The extractions are usually performed upon about 01 gram
pigment, or upon a piece of the stained or printed paper about
one inch square or less. This is heated in a test-tube with about
half an inch to one inch deep of the reagent When more than
one dyestuft is present and a separation of the constituents of
the mixture has to be effected, it will be necessary to work with
larger quantities than the above in order to obtain sufficient of the
constituents for later tests.

Tramsference of Acid Dyestuffs to Wool.—In order to obtain a
full shade suitable for subsequent tests, it is important that the
gxtraction of the pigment should be effected with the mimimum
quantlty of liquid. Boiling for a few seconds with 2 per cent.
sodium carbonate will usually suffice to dissolve the colour com-
pletely, but at longest a minute’s boiling is enough. In a few
cases in which the lake is not completely decomposed after boiling
with aqueous sodium carbonate, this reagent may be replaced by
aqueous-alcoholic sodium carbonate (1 per cent.). The coloured
>xtract is poured off from the residue into another test-tube (or
if necessary filtered), a small piece of white flannel about one inch
square is added, the liquid rendered acid by addition of dilute
hydrochloric acid (1 10) or dilute formic acid, and boiled for
one or two minutes The dyed wool is then removed and rinsed
with water.

Transference of Basic Dyestuffs to Wool—For this purpose the
same method is used as for the transference of “basic” dyestutfs
from cotton. This consists in liberaling the free base from its
rombination with tannic, phosphoric, arsenious, or other acid by
s;reatment with a boiling caustic soda solution which is saturated
with salt in order to prevent the dye-base from dissolving. After
rinSing with cold water to remove excess of caustic soda and salt,
the dye-base can be dissolved in boiling water with or without
wddition of a little formic acid (1:100). From this solution, poured
off or filtered from the residue, a piece of white flannel about one
inch square is dyed by boiling for a minute or two. If, owing to
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the presence of an excess of formic acid, the wool does not take up
the colour readily, dilute ammonia is added drop by drop until
the excess of acid is nearly neutralised. In order to obtain a full
shade the solution of the base should be effected in the minimum
quantity of water. “Acid” dyestuffs if present must of course be
completely removed prior to applying this test Some aluminium
lakes of “mordant” dyestuffs, such as Madder Red and Cochineal
Carmine, are decomposed by saline caustic soda, giving a purple
solution, but this is washed away upon rinsing with cold water
and a coloured solution with formic acid is not obtained. Even if
any colour passes into the acid solution it will not be precipitated
by tannin.

Transference of Salt Dyestuffs to Cotton.—A small quantity
of ammonium chloride is added to the colour extract obtained
with 2 per cent sodium carbonate, and the solution is boiled for
about a minute with a piece of white mercerised cotton one inch
square or less The dyed cotton is afterwards boiled in plam
water or in weak ammonia (1.100), in order to remove any
ordinary “acid” dyestuft which may have been taken up

Transference of Vat Dyestuffs to Cotton and Reduction of Azo
Dyestuffs —About 01 gram of the pigment or a piece of the
coloured paper about one inch square is just covered with 2 per
cent. sodium carbonate solution and heated to boiling. A httle
solid sodium Hydrosulphite BASF (say 01 gram or less) is added,
together with a piece of white mercerised cotton about one inch
square The mixture is then boiled for about a minute and the
cotton taken out and rinsed.

Reactions of the Dyestuffs wpon Redwction and Reoxidation —
For further particulars regarding the prosecution of these tests the
foregoing chapters on the detection of dyestuffs upon the wool
and cotton fibres should be referred to.

Differentiation of Dyestuffs falling in the Same Olass.—
Having determined the class to which a dyestuff belongs, its
further identification must be effected by making use of its
reactions to various reagents, and by comparison of its shade and
properties with products with which it 1s believed to correspond.
For these purposes the published reactions of the dyed colouring-
matters may be employed! TUse can also be made of the tables

1 See, for example, Heevmann, Kolorwstische und Textrlchemasche Untersuchungen



ANALYSIS OF PIGMENTS AND LAKES. 107

of soclubilities and of individual reactions of a large number of
dyestuff lakes compiled by George Zerr! Where a suitable
spectroscope is available, this instrument may be used with
advantage for distinguishing the individual dyestuffs of a class
or for supplementing the indications obtained by other methods ?

Notes and Special Reactions.

Sectio® 1.—Pigment Chlorine 2G and Lithol Fast Yellow 2G dissolve
benzene rather slowly. The remaming members of this section are
for the most part very easily soluble in benzene Most of the colours
of this section sublime on heating, those of the nitro class more easily
than the azo compounds.

Sections 2 and 3.—The solubility 1 benzene of the colouring-matters of
the vat class varies considerably. Some, such as Helio Fast Pink, are
easily soluble, others, such as Indanthrene Yellow, are sparingly
soluble.  The members of this class must therefore be sought both
m Sections 2 and 3 and n Section 18, The indigoid vat colours can
be distinguished from those of the anthracene class by the paler colour
of the leuco compounds of the former (generally yellow or colourless)
erther 1n alkalime solution or upon the cotton fibre, whilst those of the
latter class are usually darker than the dyestuffs themselves  For
example, Indanthrene Yellow 1s readily 1dentified by the cotton being
dyed a bright blue, which slowly changes to yellow on rinsing.

Section 3 —The dyestuffs of the stilbene series (Stilbene Yellows, Direct
Yellows, Mikado Yellows, Mikado Oranges) are reduced more slowly
than other azo dyestuffs.

Section 6 —The dyestuffs of the FEosine series (various brands of Fosine,
Erythrosine, Phloxine, and Rose Dengal) may be distinguished and
separated from “acid” dyestuffs contamning sulphonic groups (such
as Acid Fosines, Acid Phloxines, Acid Rhodamines, Azo Scarlets,
Ponceaux, ete.) by the fact that their free colour acids are readily
soluble 1n ether, To separate a mixture of an Eosine and a Ponceaux,
for example, 1t 1s only necessary to acidify the aqueous solution
with hydrochloric acid and to shake out with ether ~ On evaporating
the yellow ethereal solution and neutralising with ammonia the
Eosine 1s obtaimmed  Such mixtures are frequently found in Geranium
lakes. Rhodamine B, though usually regarded as a ¢ basic” dyestuft,
falls into tlns section, since 1ts lakes are decomposed by sodium
carbonate, doubtless by reason of the fact that 1t contains a carboxylic
acid group. Unlike the true “acid” dyestuffs, however, 1t can be
extracted from the alkaline solution by ether.

Sectgon 9.—Some of these colours, notably Alkall Blues (largely used for

1 Ze?r, loc. cit.

2 Formdnek u Grandmougin, Spektralanalytische Nachwers kunstlicher organ-
wschen Farbstoffe (Julius Springer, Berlin), for particulars of the constitution
of the newer lake dyestuffs the reader 1s also referied to Dwe neueren Farbstoffe
der Pigmentfarben-Industrie, von D R Stacble (Julus Springer, Berlin, 1910)
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bronze blue printing inks), give nearly colourless solutions with 2
per cent. sodium carbonate. They are distingmished from Prussian
Blue by the return of the colour on acidifying the filtered alkaline
solution.

Section 10.—Naphthol Yellow S 1s characterised by passing through an
orange stage on reduction, The azo dyestuffs of the pyrazolone
series (Tartrazine, Fast Light Yellows, Normal Yellow, Pigment
Chrome Yellows, Pyrazine Yellow, Sulphon Yellow, Radial Yellow,
etc.) are characterised by the colourless solutions obtained upon
reduction becoming violet when oxidised by air (Staeble). The
dyestuffs of the Lithol Red and Lake Red group mostly dissolve 1n
concentrated sulphuric acid, forming a violet solution which upon
dilution with water and shaking with ether gives a pink ethereal
layer. When not contaiming both a sulphome and a earboxyhe
group they are soluble mn acetone (Staeble).

Section 11.—Auramine 18 characterised by the production of a violet when
1ts solution 1s reduced with zinc-dust and dilute hydrochloric acid and
dried upon paper.

Section 12 —Safranine after reduction and oxidation does not return to
its original shade but to a violet (formaldehyde derivative), which
becomes red upon boiling with ammonia The azine dyestuffs of
the Safranine class dissolve 1n concentrated sulphuric acid giving a
bright green colour, becoming blue and then red on adding water

Section 13.—Most of the dyestuffs of this category dissolve 1n concentrated
sulphuric acid giving a yellow or orange colour.



CHAPTER IX.

DETERMINATION OF THE CONSTITUTION OF
AZO DYESTUFFS.

WiTH the enormous multiplicity of azo combinations now obtain-
able and the large number of these compounds which at present
come into commerce to be used in dyeing and lake manufacture,
the complete elucidation of the constatution of a dyestuff of this
class can often only be effected by breaking it up into simpler
constituents the structure of which can be ascertained. Such a
process is frequently made use of by the colour manufacturer who
wishes to ascertain the composition, and consequently the mode of
manufacture, of a newly introduced colouring-matter the properties
of which do not correspond to known brands. For effecting this
object two methods are av:ulable, viz.:

A. Reduction of the azo dyestuff to amido compounds and the
1solation and identification of the latter:—

R.N.NR”OH+2H, R.NH,+R"OH)NH,.

B Treatment with cold fuming nitric acid, when a diazo salt
and a nitrophenol are produced -—

R.N:N.R".0H+2HNO; R’'N,NO,+R"(OH)NO,)

If the phenolic residue contains an easily replaceable hydrogen
atom or sulphonic group, a further nitro group is simultaneously
introduced.

The reduction process was first applied as a general method for
the analysis of azo dyestuffs by Witt,! who recommended the use
of a hydrochloric acid soluticn of stannous chloride as the reducing
agent. Later, it was proposed by Grandmougin? to substitute for
thisereagent sodium hydrosulphite Na,S,0,, which usually allows
of a mere ready isolation of the reduction products. It should be
noted, however, that in employing this reagent for azo compounds

1 Witt, Ber , 1888, 21, 3468.
2 Grandmougin, Ber., 1906, 39, 2494, 3561, 3929 ; J. prakt. Chem ,1907, p. 124.
109
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derived from o-nitraniline, a normal reduction does not occur, but
a derivative of benztriazol is produced, thus. for example, o-nitro-
benzeneazophenol gives the compound

ct,n‘<:|;>u.cem. OH
]

a substance which crystallises in colourless needles of m.p. 232°.

The nitration process was first employed by Meldola and
Morgan,! and subsequently elaborated by Schmidt.? Conclusions
can be drawn as to the structure of the dyestuff, on the one hand
by identification of the nitrophenol obtained, and on the other by
examining the colour reactions given by the diazo salt with
naphthols, ebtc  The method is particularly useful to supplement
the indications of the 1eduction process in the case of azo com-
pounds containing naphthol sulphonic acid residues  Thus, for
example, azo derivatives of a-naphthol sulphonic acid 1 4 or of
a-naphthol disulphonic acid 1.4 :7 give respectively dinitro-
a-naphthol, ¥

C H,(OH)(NO,),[1 " 2: 4],
and dinitro-a-naphthol sulphonic acid,
C, H(OH)NO,)(80H)1 2.4.7],

which can be 1cadily identified The nitiation method is also

valuable in those cases in which, owing to the absence of a {ree

amido or hydroxy group, the reduction of the azo compound does

not occur smoothly. This 1s the case, for cxample, with dyestutis
of the type of sulphobenzeneazophenetol,

C,H,(S0,H) N, C,H,.0C,H,.

Reduction Method. Procedure.—In selecting the method of

procedure it is advisable to first try test-tube experiments with

~vious reducing agents.  Whilst sodium hydrosulphite and stannous

"+ more especially the former, first come into consideration,

~oer «inc-dust and ammonia, zinc-dust and

odium stannite, etc., are useful in

ent method of reduction in certain

ution of the dyestuff a sufficiancy

all quantity of neutral sodium

2 hydrochloric acid slowly until

ns, Chem. Soc., 1889, 55, 608
'01.
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complete decolourisation ensues. Alkaline reducing agents are
sometimes employed for effecting a partial reduction: thus the
dyestuff known as Rosophenine 4B or St Denis Red,

N,0{C,H,(CH,) N, C,;H,(OH)(SO,H)},,

when submitted to reduction with glucose and caustic soda, or with
sodium stannite, yields the parent base azoxytoluidine and amido-
a-naphthol sulphonic acid 2:1:4; whilst upon treatment with
stannous chloride or sodium hydrosulphite it is more completely
broken up, giving m-tolylenediamine

Reduction with Stannous Chloride—A solution of stannous
chloride is employed containing 40 grams of the crystallised salt
in 100 cc. of concentrated hydrochlotic acid. The dyestuff (5 to
10 grams) 18 dissolved 1n the minimum quantity of boiling water
(usually from ten to twenty times its weight), or in alcohol if in-
soluble in water, and the required quantity of stannous chloride 1s
added 1 one portion to the nearly boiling solution  About 6 cc of
the above stannous chloride solution ( =2 grams SnCl,) are employed
to each gram of pure colouring-matter present If the dyestuft
contains much salt and its solubility is thereby greatly reduced, it
is advisable to purify it prior to reduction. Amido derivatives of
second components such as amidonaphthols and their sulphonic acids,
naphthylenediamine sulphonic acids, ete., usually either separate at
once from the hot solution or upon cooling. In some cases they
only separate after the solution has been saturated with salt or
mixed with a large excess of concentrated hydrochloric acid. The
amidonaphthol sulphonic acids, after filtering oft and washing, are
best purified by dissolving in a solution of neutral sodium sulphite
and reprecipitating with hydrochloric acid. Sulphonic acids of
1:20r1 4 naphthylenediamines are obtained pure by dissolving
in sodium acetate solution and reprecipitating with acetic acid.

The reduction liquid from which the above products have been
separated is made alkaline and distilled, or is shaken with ether.
If the first component of the dyestuff is a volatile base, such as
aniline, toluidine, xylidine, chloraniline, anisidine, phenetidine, ete.,
thi8 is readily isolated from the distillate and can be characterised
by its boiling-point and other properties, and by the melting-point
of its acetyl and benzoyl derivatives. If the first component is a
non-volatile base, such as B-naphthylamine, benzidine, tolidine,
dianisidine, etc., it can be extracted by ether from the alkaline
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solution and purified by distillation or by crystallisation of its
hydrochloride or sulphate. m- or p-nitranilines and nitrotoluidines
used as first components give rise to the corresponding diamines,
which are not volatilised by steam but are extracted by ether from
the alkaline solution. They can be purified by distillation and
characterised by colour reactions, physical properties, and conversion
into diacetyl compounds. If the first component is a sulphonated
base, such as sulphanilic acid or toluidine sulphonic acid, it usually
remains in great part dissolved in the excess of hydrochloric acid,
and will erystallise out upon evaporation of the liquid. Sulphanilic
acid is characterised by its cerystalline form and by conversion into
tribromaniline, m.p. 119°, upon treatment with bromine water, or
by conversion into picric acid upon warming with nitric acid.
Naphthionic acid is characterised by its sparing solubility and by
conversion into dinitro-a-naphthol, m.p. 138°, upon warming with
nitric acid.

Reduction with Sodium Hydrosulphite.— The dyestuft (10
grams) is dissolved in from 100 ‘to 200 c.c. of boiling water, and
solid sodium hydrosulphite (¢g Hydrosulphite BASF) is added in
small portions until complete decolourisation is effected (usually
10 to 20 grams are required). - From the solution obtained, if
necessary rendered slightly acid with hydrochloric acid, amido-
naphthols, amidonaphthol sulphonic acids, naphthylenediamine
sulphonic acids, amidosalicylic acid, amidopyrazolone sulphonic
acids, ete., separate on cooling or after saturating the solution
with common salt and allowing to stand. The precipitate is
filtered off at the pump and washed with a little water. It can
generally be purified by dissolving in neutral sodium sulphite and
reprecipitating with hydrochloric acid.

For the isolation of the first component the filtrate from
which the above products have separated is rendered alkaline
with caustic soda and distilled with steam, when aniline, o-
and p—tofuidine, xylidines, chloranilines, anisidines, phenetidines,
a-naphthylamine, etc., pass over. If the base is not volatile, the
alkaline solution is extracted with ether, and the product purified
by distillation (preferably in wacuo) or by ecrystallisation of" its
hydrochloride or sulphate In those cases in which the sulphate
of the base is sparingly soluble (benzidine, tolidine, dianisidine,
diamidodiphenylamine, 1 : 4 naphthylenediamine) separation may
be effected by adding sulphuric acid to the reduction liquid.
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Sulphonated amines, such as sulphanilic acid, toluidine sulphonic
acids, etc, usually remain in solution after reduction and are
separated by acidifying the reduction liquid with hydrochloric
acid.

When the azo compound is insoluble in water it is dissolved in
alcohol, and a saturated aqueous solution of sodium hydrosulphite is
added to the b01hug liquid until complete decolourisation ensues.
The cxolutlon is then distilled with steam, when alcohol passes over
together with volatile bases (aniline, toluidine, etc.), whilst amido
derivatives of second components (amido-3-naphthol, amidophenyl-
methylpyrazolone, ete.) separate out from the residue left in the
flask. m- and p-diamines (derived from nitroamines employed as
first components) can be obtained from the filtrate by extraction
with ether.

Nitration Method.—The dyestuft (preferably freed from salt)
is added slowly to from ten to twenty tunes its weight of red
fuming nitric acid, which is kept cooled to 20° to 30°. After
standing for about ten minutes, the colour of the solution will have
changed to brownish yellow; the mixture is then poured upon
chopped ice. According to the nature of the dyestuff, either the
diazo compound or the nitrophenol, more usually the latter, may be
sparingly soluble in water and therefore separate out. In other
cases both products may be insoluble, in which event the nitro-
phenol is separated from the diazo compound by extracting the
precipitate with alcohol, ether, or benzene. If both products remain
dissolved, the mtrophenol, if unsulphonated, may be extracted from
the liquid by ether, leaving the diazo compound in solution, or the
latter may be removed by coupling with B-naphthol, leaving the
nitrophenol in solution. The diazo compound is identified by
coupling with B-naphthol or R-salt and reducing the product The
nitrophenol or nitrophenol ether is identified by its melting-point
and other properties Thus, dinitro-a-naphthol 1: 2 -4, which is
obtained from azo derivatives of a-naphthol or of a-naphthol 2
or 4 sulphonic acids, melts at 138° is sparingly soluble in water,
and fives a characteristic calcium salt crystallising in orange leaf-
lets.* Dinitro-a-naphthol sulphonic acid 1:2:4:7 is soluble in
water, ®but is precipitated as the orange-yellow potassium salt
(Naphthol Yellow S) upon addition of potassium chloride. Dinitro-
anisol (obtained from azo compounds containing phenol as end

component which is subsequently methylated) is insoluble in water
8
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and forms fine yellowish-white needles of mp 88°  Dinitro-
phenetol (obtained from the corresponding ethylated dyestuffs)
crystallises in pale yellowish needles of m p. 87°.

EXAMPLES.
I Ponceau 2G.—
C,H, N, C,;H,(OH)(SO,Na),.

Dissolve 10 grams of the dyestuff in 75 c.c. of boiling water, and
to the hot solution add 11 grams of stannous chloride dissolved
in 125 cc. pure concentrated hydrochloric acid. When fully
decolourised, filter quickly and add to the filtrate 75 c.c. of
saturated salt solution. The crystalline magma formed is filtered
off on the pump and well drained. The precipitate is then dis-
solved in a fairly strong solution of neutral sodium sulphite,
filtered, and aciditied with hydrochloric acid. The precipitate,
which separates in fine colourless needles, is the acid sodium salt
of amido-R-acid (amido-B-naphthol disulphonic acid 1 2-3-6).
The filtrate from which the above product has separated is made
alkaline with caustic soda and distilled with steam, when aniline
passes over

II. Ponceau 2R.—

C,H;(CH,), N,.C,,H (OH)(SO;Na),.

Dissolve 10 grams of the dyestuft in 100 cc¢ of boiling water, and
add to the hot solution 8 grams of solid sodium hydiosulphite.
The solution obtained is filtered and the filtrate aciditied until the
brownish tint changes to yellow. On standing, the acid sodium
salt of the amido-R-acid separates, and can be recrystallised from
a small quantity of boiling water. The filtrate is rendered alkaline
and distilled with steam, when a base passes over which 1s found
to boil at 210° to 215° (commercial xylidine).
III. Crystal Ponceau.—

C,H,.N,.C,;H,(0OH)(80;Na),.

Dissolve 10 grams of the dyestuff in the minimum amount of
boiling water and reduce with sodium hydrosulplite as aoove.
Upon distilling with steam, a solid base passes over which is charac-
terised as a-naphthylamine by its melting-point, boiling-point, and
by the melting-point of its acetyl derivative. The residue left
in the flask (which must not be allowed to increase in volume)
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is filtered and acidified. On standing, the acid sodium salt of the
amido G-acid (amido-3-naphthol disulphonic acid 1-2:6:8) slowly
separates, and can be purified by solution in sodium sulphite and
reprecipitation by acid.
IV. Bordeaux 8.—
glpo(SogNa) N,.C,,H,(OH)(SO;Na),.
Dissolve 10 grams of dyestuff in 100 cc. of boiling water and add
3 grams of solid sodium hydrosulphite. Filter the decolourised
solution and acidify hot with hydrochloric acid  Naphthionic
acid separates at once and the filtrate deposits on standing the
acid sodium salt of the amdo-R-acid.
V. Orange II.—
C,H,(SO,Na) N, C,,H, OH.

Dissolve 10 grams of the dyestuffin 75 cec. of boiling water, add
to the hot solution 10 grams of sodium hydrosulphite, and boil
until a spot of the mixture on filter-paper shows a colourless rimn
I§ the rim is yellow, more hydrosulphite must be added The
solution is now cooled, and the precipitated amido-B-naphthol iy
filtered off on the pump and washed with cold water. The
mother liquors on acidification with hydrochloric acid deposit
sulphanilic acid 1n crystals For characterisation of the amido-
B-naphthol it is converted into AB-naphthoquinone. This is
effected by mixing with 20 c.c. of dilute sulphuric acid (1 2),
cooling with a lhttle 1ce, and then adding a solution of 3 grams
of sodium bichromate The B-naphthoquinone which separates

out is filtered off and washed with water.
VI. Alizarine Yellow G.—

C,H,(NO,) N,,C,H,(0OH)CO,H.
Dissolve 10 grams of the sodium salt 1 100 ¢ c. of water, and reduce,
boiling with 30 grams of sodium hydrosulphite. On cooling, amido-
salicylicacid crystallises out. Thisis characterised by («) conversion,
on heating to about 280° into p-amidophenol, which gives benzo-
quinone on acid oxidation, (b) formation of the acetyl compound,
m. 218°. The mother liquor when rendered alkaline and extracted
wikh ether yields m-phenylenediamine, identified by its colour
reactions and by conversion into the diacetyl derivative, m.p. 191°.
VII. Benzoazurine G.—
C,H,(OCH,) N, C, H,(0H)SO,Na

C,H,(OCH,).N, C,;H,(0OH)SO,Na.



116 ANALYSIS OF DYESTUFFS.

Dissolve 10 grams of the dyestuff in 50 c.c. of boiling water con-
taining 1 c.c. of caustic soda (40 per cent.), and to the boiling solution
add gradually 5 grams of sodium hydrosulphite. The precipitate
which separates on cooling is filtered off; dissolved in dilute hydro-
chloric acid, and the filtered solution reprecipitated with caustic
soda. The base thus obtained, after recrystallisation from aleohol,
has the melting-point 137° and gives the Zeisel test for methoxy
groups, whilst its acetyl derivative melts at 231° It is therefore
dianisidine. The reduction fluid from which the dianisidine has
been removed is acidified with hydrochloric acid, and the precipitate
which separates upon standing is filtered off, and purified by dis-
solving in hot sodium sulphite solution, filtering, and reprecipitating
with a little hydrochloric acid. The product is identified as amido-
NW-acd,
C, ) H,(NH,)OH)SO,H[2 - 1: 4],

by oxidation with nitric acid to B-naphthoquinone sulphonic
acid, which upon treatment with an aqueous solution of amling
gives the characteristic scarlet-red anilido-8-naphthoquinone,
m.p. 252° to 253°.

VIII. Diamine Gold.—

N, C;H,.0C,H;
CIOH4(SOJNa‘)2<

N, C,H,.0C,H,.

Dissolve 10 grams of the dyestuff’ in 100 c.c of red fuming nitric
acid, keeping the temperature at 20° to 30°. After standing for ten
minutes pour upon chopped ice, filter oft the precipitate on the
pump, and wash free from acid with cold water. Extract the
precipitate on the filter with cold absolute alcohol, and finally wash
with a little ether. The alcoholic extract upon dilution with water
gives a crystalline precipitate of dimtrophenetol,

C4H,(NO,),0C,H,,

which is filtered off, washed with water, and recrystallised from
benzene or ether. It melts at 87°. The diazo compound which is
left on the filter after extraction with alcohol is coupled withe an
alkaline solution of B-naphthol, and the dyestuff is reduced with
sodium hydrosulphite. After removing the amido-B-naphthol, the
liquid on acidification gives a precipitate consisting of the diamido-
naphthalene disulphonic acid,

Cy0H (NH,),(8O0H){1:5:8: 7]
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Characterisation of Reduction Products.

The identification of the first components of azo dyestuffs
usually presents but little difficulty, as these generally consist of
well-known amido compounds the properties of which are given in
the literature. Thus aniline and its homologues, o- and p-anisidine
o- and p—phenetic!ine, chloranilines, a- and B-naphthylamine, ete.,
are characterised by their melting- and boiling-points, and by the
melting-points of their acetyl or benzoyl derivatives. Phenylene
and tolylene m- and p-diamines are easily soluble in water,
from which they are extracted with ether. They are identified by
their melting-points, and by those of their diacetyl derivatives
Metadiamines give an orange-brown colouration with sodium nitrite
and dilute acetic acid Paradiamines yield a bright blue colour-
ation (indamine) upon adding a few drops of chromic acid to a
dilute aqueous solution containing an excess of aniline hydro-
chloride Benzidine, tolidine, and dianisidine are insoluble in
water and form sparingly soluble sulphates, the most nsoluble
being that of benzidine. These bases are characterised by their
meltig-points and by the melting-points of their acetyl derivatives
Sulphonic acids of aniline, of toluidines, and of a- and 8-naphthyl-
amines, are characterised by their crystalline form, solubility in
water, and by their hydrolysis to amines upon fusion with caustic
soda (p-sulphanilic acid), or on treatment in aqueous solution with
sodium amalgam (8-naphthylamine sulphonic acids), or by heating
to 180° with 75 per cent sulphuric acid (naphthionic acid).
p-Sulphanilic acid is distinguished from m-sulphanilic acid by
the formation of benzoquinone on oxidation with chromic acid,
and of tribromaniline, m.p. 119°, on treatment with bromine water.
a-Naphthylamine sulphonic acids 1:2 and 1 : 4 are distinguished
from the 1:5,1:6,1 7, and 1.8 isomers by the production of
dinitro-a-naphthol 1 -2 : 4 upon heating with concentrated nitric
acid and then pouring into water. The precipitated dinitronaphthol
can be purified by conversion into the calcium salt.

The identitication of the final (or middle) components of an azo
dyestuft’ presents greater difficulties than that of the tirst cow-
ponents, by reason of the fact that they are obtained upon
reduction not as such but in the form of their amido compeunds.
In the following list will be found enumerated the* most impor-
tant of these amido compounds, together with u few of the less
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familiar first components, and the reactions by which they are
best characterised.
p-Amidodiphenylamine.—

C,H, NH.C,H, NHJ[1 : 4].

Plates. M.p. 75° (from light petroleum). Sparingly soluble in
water. Sulphate sparingly soluble in water. « On oxidation in
acid aqueous solution with hydrogen peroxide in presence of a
trace of ferrous sulphate, a voluminous indigo blue precipitate
of Willstatter’s imide, C;H; N - CH, - N C;H,NH.C;H,NH,, is
formed.

Di-p-amadodiphenylamine.—

C,H, NH{1 : 4]
NH(
“C,H, NH,1 . 4]

Plates (from water). Mp. 158°. Sulphate sparingly soluble in
water. Oxidation of its salts i cold dilute aqueous solution with
chromic acid gives a bright blue indamine Diacetyl derivative,
needles, m p. 239°.

Dichlorbenzidine.—
C,H,Cl NH,1:2: 4]

CHCINH/[1I 2 4]
Needles Mp 133°

Azoxytolurdine.—
C,H,(CH,)NH,[4 -1 2]
0
C,H,(CH,)NH 4 1-2].
Yellow needles or orange prisms. Mp 168°. Best isolated by
means of its hydrochloride, which 18 sparingly soluble in salt
solution or in excess of hydrochloric acid. Diacetyl derivative,
m.p. 290°.
p-Naphthylenediamine —
C Hy(NH,),[1 4],
Separated as the sparingly soluble sulphate by addition of sulphuric
acid to the reduction liquor, basified with caustic soda and distilled
in vacuo. Mp.120°. Gives a green fluorescent ethereal solytion

when shaken with ether in presence of alkalies.
Amidosalicylic Acid.—

C.H;(OH)(NH,)CO,H[1:4:2)

Sparingly sdluble needles Decomposes at about 280° evolving
carbonic acid and giving p-amidophenol. Its hydrochloride is
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sparingly soluble in excegs of hydrochloric acid The acetyl
compound is prepared by dissolving the acid (1'5 grams) in
sufficient caustic potash (06 gram in 10 c.c. of water) and shaking
vigorously with acetic anhydride (1 gram). The acetyl compound
which separates is recrystallised from water and melts at 218°.
Dramadostilbene Disulphonic Acid.—
CH C.H,(SO,H)NH,[1:2: 4]
CH CH,(SO,H)NH,[1-2:4]
Sparingly soluble crystalline precipitate of ochreous colour Easily
soluble in alkalies. On diazotisation it yields a very sparingly
soluble tetrazo compound as a microcrystalline powder which gives
a violet dyestuff on combination with R-salt. A cold dilute
solution of diamidostilbene disulphonic acid in aqueous soda is
readily oxidised by potassium permanganate to p-amidobenzalde-
hyde sulphonic acid, C;H(NH,)(SO,H)CHO[4 2 - 1], which on
treatment with phenylhydrazine yields a deeply coloured hydrazone.
Delydrothiotolurdine.—

s
CGH;(CH:;)<N>C. C,H, NH,.

Glistening yellowish needles (from amyl alecohol). Mp 191°

Bp 434°. Insoluble in water and sparingly soluble in alecohol.

Its salts are sparingly soluble and decomposed by water. Solutions

fluoresce violet-blue or green. Acetyl derivative, m.p. 227°,
Dehydrothioxylidine —

SN
caH2<cng)2<N C C;H,(CH,)NH,.

Similar to preceding, but more soluble in alcohol. M.p. 107°  Very
high boiling-point. Acetyl derivative, mp 227°,
Dehydrothiotolurdine Sulphonic Acvd.—

8\
GGHS(GHJ><N 0 CH(NH,)(80H).

Yellow precipitate insoluble in water. Its ammonium salt crys-
tallises from water in sparingly soluble yellowish-white leaflets.
It, gives an insoluble yellow diazo compound. The salts have a
blue fluorescence.
Sulphophenylamidopyrazolone Carboxylic Acid.—
CO,H.C=N—N.C,H, SO,H

NH, bm__bo
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Small needles, nearly insoluble in cold water or alcohol. The
alkaline solution on exposure to air becomes reddish violet. A
similar reaction is exhibited by other amido-pyrazolones and appears
to be characteristic of these compounds.

Amido-8-naphthol.—
C, H(NH,)(OH)[1 . 2].

Quadratic prisms (from ether). Nearly insoluble in water. Best
characterised by oxidation to B-naphthoquinone by mixing the
crude product obtained from 10 grams of dyestuff with 20 c.c. of
dilute sulphurie acid (1 - 2), cooling with ice, and adding 3 grams
of sodium bichromate dissolved in a little water. The naphtho-
quinore separates out at once, and is washed with water and dried.

Amado-B-oxynaphthoic Acid.—

C,,H,(NH,)(OH)(CO,H)1:2: 8].

Yellow prisms (from hot alcohol). Decomposes without melting
at 205°. On boiling with dilute sulphuric acid or hydrochloric
acid it is converted into dioxynaphthoic acid of m.p. 220°

Amado-N W-acid.—
x
O™
|
oz

Not very soluble in cold water The ammoniacal solution on filter-
paper becomes rapidly green on exposure to air, finally assuming
a deep myrtle colour which gives a bright terra-cotta spot with
concentrated hydrochloric acid. The green colour changes to
violet and then to red on warming, but returns to green on
exposure to ammonia vapour. The solution in sodium acetate
becomes violet on exposure to air. No characteristic reaction with
ferric chloride  Nitrous acid gives a red solution, becoming orange.
The "acid is best characterised by oxidation to the very reactive
B-naphthoquinone sulphonic acid. This is readily effected by
dissolving the amido acid in three times its weight of nitric acid
(specific gravity 1'4), warming gently, and as soon as the reaction is
complete pouring into saturated salt solution. The sodium saltc of
the quinone sulphonic acid, C,,H;0,(SO,Na), separates in golden-
yellow needles, and condenses very easily with amines, giving,
for example, with an aqueous solution of aniline the bright red
anilido-B-naphthoquinone, C,H,0,(NHC H,). This crystallises
from hot alcohol in glistening golden needles. M.p. about 253°,
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Amido-Freund’'s Acid.—
OH
/\|/\INH9
80,H\ \_80;H

Rather sparingly soluble in water The ammoniacal solution
exposed to air op filter-paper is greenish yellow, becoming dull
green, and then giving a pink spot with concentrated hydrochloric
acid No colouration with ferric chloride.

Amado-e-acid.—

Crystallises from water in long colourless needles Not very

soluble cold The ammoniacal solution on filter-paper becomes

greenish yellow, and then gives a pale pink spot with hydrochloric

acid. No reaction with ferric chloride or with nitrous acid.
Amado-Schaeffer Acid.—

White crystalline powder. Easily soluble in hot water, sparingly
in cold The ammoniacal solution on filter-paper turns brown,
the brown colour giving a lilac spot with concentrated hydro-
chloric acid which at once becomes pink No reaction with
ferric chloride or with nitrous acid. In presence of sodium acetate
it gives characteristic reactions with diazo compounds, thus with
tetrazostilbene disulphonic acid a reddish-violet colouring-matter
is formed which becomes bright blue on adding hydrochloric
acid It does not react with nitrosodimethylaniline hydrochloride.
Amado-Bayer Acid.—
SO, H NH,

Qi

A4
Sparingly soluble even in boiling water. Dissolves with difficulty
in & solution of sodium acetate, and separates out again on cooling.
The %®mmoniacal solution on filter-paper develops a greenish-
yellow colour, deepening to reddish brown, and on spotting with
concentrated hydrochloric acid the brown colour is discharged,
leaving a bright orange rim. Ferric chloride gives a yellow
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colouration. No reaction with diazo compounds. On heating
with nitrosodimethylaniline hydrochloride in 50 per cent. acetic
acid solution, a characteristic violet dyestuff is produced.

Amido-§-acrd.—

NH,
sodnl/\/\‘on
NN

Small needles. Very similar in properties to the amido-Schaeffer
acid, but more insoluble in water and less reactive It does
not react with nitrosodimethylaniline, but gives colouring-matters
with diazo compounds, though less readily than the amido-
Schaeffer acid.

Amado-B-naphthol Sulphowic Acid 1:2: f.—

NH,
o
80,H
White crystalline powder. Insoluble in water. Is best charac-
terised by conversion into the very reactive B-naphthoquinone
sulphonic acid, C;;H;O«(SOH)1 2 4] (see above). This is
readily effected by stirring into one and a half times its weight
of dilute nitric acid (20 per cent.), dissolving the paste obtained in
water and adding a coucentrated solution of potassium chloride,
when the sparingly soluble potassium salt of the quinone sulphonie
acid separates in golden-yellow needles. The latter deflagrates
on heating between 170° and 175°, and when treated with an
aqueous solution of aniline gives the above mentioned anilido-
B-naphthoquinone, C, H,O,(NHCH,), which crystallises from hot
alcohol in glistening golden needles, melting with decomposition
at about 253°.

Amido-R-acid.—

Easily soluble in water. On adding sodium chloride to the recuc-
tion fluid it separates as the acid sodium salt in white silky neecles.
The ammoniacal solution on filter-paper becomes greenish yellow,
which gives a pale pink spot with concentrated hydrochloric acid.
No reaction with ferric chloride It does not give colourations
either with diazo compounds or with nitrosodimethylaniline.
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Amado-G-acrd —
80,H NH,

s°J“C‘\/
Easily soluble in water. On adding sodium chloride to the
reduction liquid the acid sodium salt separates in microscopic
prisms. The amrhoniacal solution on filter-paper becomes greenish
yellow, and finally reddish brown, the brown colour giving an
oran¥e-scarlet spot with hydrochloric acid No reaction with ferrie
chloride. Though very similar to the preceding acids, it is more
stable and less oxidisable.
Amido-naphthionic Acid.—

AR
O
80,H
Sparingly soluble in water The ammoniacal solution is only
¢xidised very slowly by air, becoming pale greenish brown, which
is changed to a pale pink by concentrated hydrochloric acid.
Ferric chloride in small amount gives a dirty green colouration,
becoming rapidly brownish black ; with an excess of ferric chloride
it becomes dull green, and on standing or warming, bright grass
green with a green precipitate. It is best characterised by con-
densation with phenanthraquinone to the crystalline quinoxaline

sulphonic acid,
c —C.H,
C,H sodn< L c|’ .

which gives a bluish-violet solution in concentrated sulphurie
acid. This condensation is effected by mixing the boiling solution,
acidified with acetic acid, with a solution containing the equivalent
quantity of phenanthraquinone dissolved in the requisite amount
of sodium bisulphite solution, and to which is also added an excess
of sodium acetate The quinoxaline separates almost immediately
i fine lemon-yellow needles.

e Amado-Bronner Acid.—

NH,

so,|s(<><>NH2

Fine pointed or flat needles Very sparingly soluble in water.
The ammoniacal solution oxidises in air very slowly, finally
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developing a brownish-pink colouration, which is changed to red
and then slowly decolourised when spotted with concentrated
hydrochloric acid. Ferric chloride gives a yellow colouration
rapidly becoming deep bluish green. It condenses with phen-
anthraquinone, giving a crystalline yellow quinoxaline which is
distinguished from that obtained from the preceding isomer by
dissolving in concentrated sulphuric acid with a redder shade

of violet.
NEH,
80 JH(\ONHQ
N

Amado-F-acid.—
More soluble than the two preceding acids. It is indistinguishable
in general properties from the amido-Bronner acid, and gives a
quinoxaline sulphonic acid which also dissolves in concentrated sul-
phuric acid giving a reddish-violet colour. It can be distinguished,
however, by the behaviour of the hydroxyazine obtained upon
fusing a little of the quinoxaline sulphonic acid with caustic soda
and precipitating with dilute hydrochloric acid. The hydroxyazine
from the F-acid gives a violet solution in concentrated sulphuric
acid which becomes brownish red on dilution; that from the
Bronner acid gives a pure blue, changed to cherry red on dilution.

Amido-chromotropic Acid.—

A
soxl_J Jsoh

Easily soluble in water. The ammoniacal solution turns orange
on exposure to air. The orange colour gives a yellow spot with con-
centrated hydrochloric acid, which fades on drying The solution
in sodium acetate is scarcely oxidised by air Excess of ferric
chloride produces a brownish-red colouration.

Amado-H-acid.—

Easily soluble in water. The ammoniacal solution on filter-paper
becomes bright orange in air. The orange colour gives with con-
centrated hydrochloric acid a bright blue spot, quickly becoming:
more violet with a magenta-coloured rim. The sodium acetate
solution oxidises in air more slowly than the ammoniacal. Ferric



INVESTIGATION OF AZO DYESTUFES. 125

chloride added to the dilute aqueous solution gives a bluish-violet

colouration, rapidly becoming magenta red.
Anmado-2S-acid.—

80,H
Easily soluble in water. The ammoniacal solution on filter-paper
behayes very similarly to that of the amido-H-acid. The reaction
with ferric chloride is also the same. The sodium acetate solution
becomes dull green on exposure to air, changing later to pink.
The green colour gives a greyish-blue spot with concentrated
hydrochloric acid.
Amado-K-ucrd.—

Reactions very similar to the amido-H-acid.
Amido-J-acid.—

80, /\l/\m
NH,\ /
OH

Sparingly soluble in water. The hot aqueous solution has a blue
fluorescence, and dilute alkaline solutions (in presence of sodium
hydrosulphite) have a bright green fluorescence. The ammoniacal
solution exposed to air on filter-paper is at first greenish yellow,
rapidly becoming brown. The brown colour gives with concentrated
hydrochloric acid a green spot, which almost immediately becomes
pink with a green rim. With dilute hydrochloric acid the brown
colour gives a bright green spot, becoming duller. Added to a very
dilute aqueous suspension of the acid, a drop of ferric chloride gives
at first a dull green colour, which rapidly becomes dull violet, then
bluish ved, and finally brownish red. In aqueous suspension the
acid can be diazotised and coupled with 8-naphthol.
*Amido-y-acid.—
OH

soil J ™

Sparingly soluble in water. The ammoniacal solution exposed to
air on filter-paper rapidly becomes brown, and the brown colour
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gives a dull violet spot with concentrated hydrochloric acid.
Ferric culoride gives a green colour, rapidly becoming violet.
Nitrous acid gives a deep brown solution.
Diamado-H-acrd.—
DAV

N.

80, \/K/Ig(fqﬂ ‘
Colourless crystalline powder which rapidly becomes bright blue
on exposure to air. The aqueous solution also rapidly beéomes
bright blue. The ammoniacal solution on filter-paper quickly
becomes deep bluish violet, and finally greyish black. With
concentrated hydrochloric acid the violet colour gives a bright
bluish-green spot and the grey colour a brilliant green. Ferric
chloride gives a thick blue precipitate. Nitrous acid also gives the

same reaction. The blue precipitate is soluble in dilute caustic
soda, giving a bright bluish-red solution.
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AcETIC acid, solubihty of dyestuffs in,
92

Acid and acid-mordant dyestuffs, tests,
48.
Acid ahzanne colours, 18
Acid dyestuffs, 26, 27, 28
transference to wool, 73
use 1 lake-making, 100.
Acid-mordant dyestutls, 28, 31
Acid and salt colours on the fibre, tests,
61.
eAcid Violets, 26
Acndine class, 17.
Adsorptlon, separatxon of dyestuffs by,

Algol colours, 39.
Ahzarine colours, 18,
Alizarine Indlgos, 39.
Alzarine Yellow G, reduction of, 115.
Alkali Blue, action of alkalies, 7
Amdo-y-acid, 125.
Amido-3-acid, 122,
Amido-e-acid, 121,
Amido-F-acid, 124,
Amdo-G-acd, 123.
Anmuido-H-ac1d, 124,
Amido-J-acid, 125.
Amido-K-aad, 125.
Amido-NW-acid, 120.
Amido-R-acid, 122.
Amdo-Bayer acid, 121.
Anudo-Bronner acid, 123
Amdo-chromotropic acid, 124,
Amido-g-naphthol, 120
Amido-8-naphthol  sulphonie
1.2.4,122,
Am1d0 -8- oxynaphthmc acid, 120,
Aludo-Freund’s acid, 121.
Asmdo-naphthionic amd 123,
Amigo-naphthol sulphomc acids, 120,
121, 122,
Amido- phenylamme, 118,
Amido-salicyhic acid, 118,
Amido-Schaeffer acld 121.
Anilido-g- naphthoqumone 120, 122

acid

Aniline Black, estimation on fibre, 20.
formation, 33.
identafication, 34.
Animal fibres, 1dentification of dye-
stufts upon, 55.
Anthracene, 2
Anthraquinone class, 18
Anthraquinone vat colours, structure,
19.
Anthraquinone vat dyestuffs, 39.
Auramine, 16.
Auxochromes, b,
Azine class, 19,
Azo class, 10,
Azo colours for lakes, 100,
Azo dyestufts, acid, 14,
action of alkalies, 13,
basic, 14
colour of solution 1 sulphuric acid,
13.
determination of constitution of, 109
nsoluble, 34.
mordant, 14.
pigment, 14,
salt, 14
Azo Scarlets and Reds tor lake-making
26
Azoxyamne colours, 30.
Azoxytoluidine, 118,

Basic and basic-mordant  dyestufls,
tests, 48, 70,
Basic dyestuffs, 25, 26
transterence to wool, 73.
use 1n lake-making, 100.
Basic-mordant dyestufts, 21, 32.
Benzene, 2
Benzenoid hydrocarbons, 1.
Benzo TFast Scarlets, 30.
Benzoazurine G, reduction of, 115.
Benzoform colours, 31.
Benzonitrol Browns, 36,
Biebrich Scarlet, 13
Bisulphite u:mpound:,
test for, 48,
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g-Naphthoquinone, 120.
ﬂ-NaphthQ‘qumone sulphonic acid, 120,
1221

Bordeaux 8, reduction of, 115.
Bottomed Blues, analysis of, 85.
Brazilwood, 23.

Brilhant Indigos, 24.

Bnlliant Scarlet, 13.

Brilliant Yellow, 13.
Bromindigo, 24.

Capumrum Yellow, 99, 103,
Calico prints, 1dentification of colours
1n, 68.

Capillanty tests, 50, 102.

ChIl)orazol Brilhant Blue, 15, 30,

Chlorine, mfluence of ortho substitu-
tion, 15,

Chlorophenine Yellow, 22, 30,

Chrome dyestuffs, 28, 31.

Chrome Yellow and Chrome Oiange,
99, 103.

Chromogens, 5.

Chromophors, 5.

Chromoxane colours, 16,

Chrysophenine, 13.

Ciba Blue, 24, 91.

Ciba colours, 38.

Cibanone colours, 39.

Classification of dyestuffs, 9, 25, 40

Colour related to chemnical constitution,
5.

Colouring-matters, see Dyestuffs.

Concomitant dyestuffs, separation from
indigo, 90.

Congo Red, 13.

Cotton, 1dentification of dyestuffs upon,
68.

Coupled colours, 35, 36.

Cresol, solubihity of dyestuffs in, 92.

Crocein Scarlet, 11, 13

Crystal Ponceau, reduction of, 114,

Cutch Brown, 32

Cyanines, 23.

DEBYDROTHIOTOLUIDINE, 119,

Dehydrothiotoluidine sulphonic acid,
119.

Dehydrothioxylidine, 119.

Developed colours, 34, 35, 36.

Diamidodiphenylamine, 118,

Diamido-naphthol sulphonic acids, 124,
125.

Diamidostilbene disulphome acid, 119,

Diamine colours, 29

Diamine Gold, nitration ot, 1186,

Diamine mitrosol colours, 36

Diamine Rose, 22, 30.
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Diaminogens, 35.
Dianil Yellow, 22.
Diamsidine Blue, 34,
Diazo Blacks, 35.
Dichlorobenzidine, 118.
Dietic articles, dyestuffs for colouring,
52, 53.
Dinitro-e-naphthol sulphonic acid, 113.
Dimitro-phenetol,d14.
Direct dyestuffs, 28, 29, 30.
Dyed matenals, detection of mixtures
n, 62, 63
Dyestuffs accompanying indigo-
on cotton and linen, 97.
on wool, 95,
analysis 1 substance, 41, 52
existence 1n quinonoid and benzenoid
forms, 6.
from J acid, 30.
Dyestuft-synthesis, principles of, 4.

EosINE A, constitution, 16,
Eosines, separation of, 17.
Erica, 22, 30.

Eriochrome Azurol, 16.

Fast acid dyestuffs, 28.

Fast Acid Violets, constitution, 16.

Flavone class, 23

Food, detection of dyestuffs n, 52, 53,
54

Formaldehyde fixation method, 31

Formdnek’s system of spectroscopic
analysis, 43, 45.

Fustic, 23.

(ALLOCYANINE, 21, 32

Green-Weingartner system of analysis,
43

Guignet Green, 99, 104.

Havogens, 1dentification of, 49
Helindone colouis, 38

Helio colours, use 1 lake-making, 100.
Hydrone Blues and Violets, 38
Hydrosulphite reagents, 58, 71,

INDANTHRENE colours, 18, 19, 39.
Indigo, analysis of commercial, 76.
estimation on the fibie, 81.
extraction from fibre, 63, 64, 81, 99,
Indigo Blue, constitution, 24.
Indigo-dyed cotton and linen, testing,

woollen materials, testing, 79.
Indigod class, 23.
Indigoid dyestuffs in fibre, detection,
61.
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Indigoid vat dyestuffs, 38.

Ingrain colours, 35.

Insoluble azo dyestuffs in lake-making,
99.

Intermediate products, 3.

Isolation of reduction products of azo
dyestuffs, 111, 112,

JUTE, 1dentification of dyestuffs upon,
68

Laxge Reds, 100.
Lakes, analysis of, 98, 104
transference of dyestufts from, 105,

Lamp Blaék, 99, 104.
Leuco compounds, 7.
Linen, 1dentification of dyestuffs upon,

68.
Lathol Reds, use in lake-making, 100.
Lloyd’s extraction apparatus, 81,
Logwood, 23.
removal from fibre, 64,

lI&ELDOLA’S Blue, 21.
ercerol colours, 28
Metachrome process of dyeing, 28, 32.
Methyl O1ange, 13.
Methyl Violet, constitution, 15,
Methylene Blue, constitution, 21.
Mikado Yellows and Oranges, 30.
Milor: Blue, 103
Mineial pigments, 99, 103
Mixed shades, analysis of, 62, 63,
Mixtures of dyestuffs, separation or
detection of, 50, 51, 52, 62, 90,
102
Mordant dyestuffs, 31, 32, 33.
tests on fibre, 33
use 1 lake-making, 101.
Mordants, detection of, upon fibre, 61.
influence of, upon dyestuff reactions,
68

Morin, 23.

NAPHI'HALENE, 2.

Naphthol AC colours, 34.

Naphthol Yellow S, 10.

g-Naphthoquinone, 120

B-NB‘phthoqumone sulphonic acid, 120,
122.

Naphithylamine Bordeaux, 34.

Naphthylated Rosanilines, 15, 30.

Naphthylenedianine, 118

Naphthylenediamine sulphonic acids,
18.

Navy Blues, analysis of, 81, 84, 85,
92.

129’

Nitration method of investigating con-
stitution, 113

Nitrie acid, action on azo dyestutfs, 12,
113

Nitro clasé, 10,
Nitroamines, use 1n lake-making, 99.
Nitroso class, 9.

OCHRE, 99, 104,

01l colours, 26.

Orange Lead, 103.

Orange 2G, reduction of, 114,

Orange IT, reduction of, 115.

Orthoquinonoid dyestufts, character-
1stics, 7.

Oxazine class, 20.

Oxidation colours, 33

8-Oxynaphthoic anilide, 34.

Para Red, 34.

Paramine Brown, 34.

Paranitramline, couphng, 31, 35

Paraquinonoid dyestuffs, characteristics,
8

Patent Blues, constitution, 15.

Permanent Reds, 100

Phosphine, constitution, 17.

Photograplic sensitisers, 23.

Phthalein class, 16.

Pigment colours, 33

Pigments, analysis of, 98, 104.

Ponceau 2R, reduction of, 114.

Porai-Koschitz and Auschkap, spectro-
scopic analysis of dyed materials,
43.

Primuline, constitution and properties,
21.

Prussian Blue, 103.

Pyridine, solubility of dyestuffs in, 92.

Pyrone class, 16,

QUINOLINE class, 22.

Quinoline Red, 23

Qunoline Yellow, constitution, 22,
Quinonoid structure of dyestufls, 5, 6.

RaMIE, 1dentification of dyestuffs upon,
68.
Reduction of azo dyestuffs with stannous
chloride, 111,
of azo dyestuffs with hydrosulphites,
112
of dyestuffs, specific behaviour, 8, 42,
method of 1nvestigating constitution,
110.
products of azo dyestuffs, character-
1sation, 117,
and reoxidation tests, 47, 57, 74.

9
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Relative colour effect due to indigo,
de‘ermination, 85.

Rhodamina B, constitution, 16.

Rosanthrenes, 30, 35.

Rosophenine, 30.

SAFRANINE, azo colours, 20,
structure, 19.
Salt dyestuffs, 28, 29, 30.
Salt-mordant colours, 29, 32.
Separation of mixtures of dyestuffs, 40,
50, 62.
Setoglaucines, constitution, 15.
Sienna, 99, 104.
Silk, f&entlﬁcatlon of dyestuffs on, 55.
Spectroscopic analysis, 43.
Steam Green, 10,
Stilbene azo dyestuffs, 12, 30.
colours, 30.
Stripping tests, 59, 72, 73.
Substituents, introduction of, 3
Substrata for coloured lakes, 101.
Sulphide dyestuffs, 36, 37.
test, for, 48, 74.
Sulphonated and unsulphonated dye-
stuffs, distinction, 49
Sulphoncyanines, 28.
Sulphophenylamidopyrazolone carbo-
xylic acid, 119,
Sulphur vat colours, 39.
test for, 48,

TaNNIN mordant, removal of, 69, 73
Tautomeric change 1n dyestuffs, 6
Tetrabromo-indigo, 91.

Thiazine class, 21,

Thiazol-azo dyestuffs, 12, 30.
Thiazol class, 21, 29, 30.

Thiazol Yellow, 22.

Thiobenzenyl class, 21.

ANALYSIS OF DYESTUFFS.

Thioflavine, 22.

Thioindigo colours, 38.

Thioindigo Red, constitution, 24.

Tintometer measurements and indigo
percentages, 87,

use 1n 1ndigo analysis, 86.

Titan Como, 15, 30

Titamium trichloride, estimations with,
11.

Toluene, 2.

Topped Blues, analysis of, 84,

Transference of basic dyestufls *9 wool,
73.

of dyestuffs from lakes to cotton, 106.
from lakes to wool, 105.

Trianudonaphthol  disulphonic
126.

Triphenylmethane class, 14.

Triphenylmethane colouts on fibie,
test for, 61.

Turkey Red, 32.

acd,

ULTRAMARINE Blue and Violet, 103,
Umber, 104.
Ursols, 34,

VaLuaTioN of commercial indigos, 76.
Vat dyestuffs, 38,
test for, 48.
use 1n lake-making, 101
Vegetable fibres, 1dentification of dye-
stuffs upon, 68
Venetian Red, 99, 104.
Vermilion, 99, 104
Violamines, constitution, 16,
Vulcan Black, 31.

Woor, 1dentification of dyestuffs on, 55.

Z1x¢ chrome, 99, 103,
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ACETOPURPURINE, v, 4.

ACETYL RED, V1, §; 1x, 10.

ACID ALIZARINE BLACK, v1, 16; xiv, 9.

ACID ALIZARINE BLUE, vi, 19; x1, 14;
XXX, 8; xxx, 17,

ACID ALIZARINE BROWN, v1, 12 ; xu, 7.

ACID ALIZARINE GARNET, vi, 11.

ACID ALIZARINE GREEN, v1, 15; v1, 17 ;
xu, 16.

A®ID ALIZARINE GREY, x1v, 9.

ACID ALIZARINE RED, vi, 11; 1x, 17.

ACID ALIZARINE VIOLET, V1, 15; x, 15

ACID ALIZARINE YELLOW, viu, 15

ACID ANTHRACENE BROWN, v1, 12 ; xin,
7.

ACID ANTHRACENE RED, vi, 11 ; 1x, 18,

ACID BLACK, vi, 10.

ACID BROWN, V1, 6 ; xm, 3; xx, 1.

ACID CHROME BLACK, V1, 16 ; x1v, 9.

ACID CHROME BLUE, vi, 11; =x1, 23;
XXV.

ACID CHROME BROWN, xu1, 7.

ACID CHROME GREEN, vi1, 15; xu, 13.

ACID CHROME RED, vi, 11.

ACID CHROME VIOLET, X, 15.

ACID CHROME YELLOW, vi, 12,

ACID CYANINE, V1, 2; X1, 6.

ACID EOSINES, XXX, 7.

ACID FUCHSINE, IX, 9.

ACID GREENS, V1, 3;
xxx, 10.

ACID MAGENTA, V1, 3; ix, 9.

ACID RHODAMINE, V1, 3 ; ix, 7; xxx, 7.

ACIDROSAMINE, v1, 3 ; 1x, 7.

ACIDWIOLETS, v1, 3; X,5; X,7; Xx,8;
XV, 2; xxx, 10; xxV.

ACID YELLOW, V1, 6.

ACRIDINE ORANGE, iv, 2; viil, 1; xv,
9.

ACRIDINE RED, 1v, 9; xvi, 3,

ACRIDINE YELLOW,1v, 2; viii,1; xv, 9.

xu, §; xix, 1;

AGALMA BLACK, Vi, 10.

AGALMA GREEN, v, 3; X1, 5; xix, 1.

ALGOL BLUES, XXX, 18.

ALGOL BRILLIANT VIOLETS, XXX, 3.

ALGOL BROWN, vu, 7 ; xx, 15.

ALGOL DARK GREEN, v, 7.

ALGOL GREEN, xix, 19.

ALGOL OLIVE, vi1, 7.

ALGOL ORANGE, XV, 18.

ALGOL PINK, xv1, 12; xxx, 3.

ALGOL RED, xv1, 12; xvi1, 16; xxx, 3.

ALGOL SCARLET, vi, 8 ; xvi, 12.

ALGOL SERIES, Vi1, 9.

ALGOL YELLOW, XV, 18 ; xxx, 3.

ALIZADINE BLACK, x1v, 10.

ALIZADINE BROWN, v1, 12.

ALIZADINE ORANGE, v1, 12,

ALIZADINE YELLOW, vui, 15.

ALIZARINE, v, 2 ; xvi, 15.

ALIZARINE ASTROL, v1, 18 ; xi1, 13.

ALIZARINE BLACK, Vi, 19; v, 2; xiv,
11; xxi1, 13.

ALIZARINE BLUE, v1,19; vi,2; x1,26;
xvui, 17 3 xxv.

ALIZARINE BLUE BLACK, x1v, 11; xxi,
13; xxi, 14; xxv.

ALIZARINE BORDEAUX, vi, 2; x, 18;
xvu, 18; xxx, 17.

ALIZARINE BRILLIANT GREEN, vi, 18;
xu, 8.

ALIZARINE BROWN, v, 2; xiii, 9; xx,
12.

ALIZARINE CARMINE BLUE, Vi, 18,

ALIZARINE CLARET, X, 18 ; xvn, 17.

ALIZARINE CYANINE, vi, 19; vu, 2;
x1, 14 ; xvii, 18 ; xviy, 16, xviu,
17; xxv. :

ALIZARINE OYANINE BLACK, vi1, 2 ; x1v¥
7; xx1, 14.

ALIZARINE CYANINE GREEN, vi, 18;
xu, 8; xu, 18; xix, 12; xxx, 8.
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ALIZARINE CYANOL, vi, 17; vi, 18;
x1, IV ; xi, 13.

ALIZARINE OYANOL VIOLET, vi, 18; x,
10.

ALIZARINE OYCLAMINE, Xvii, 17 ; xxx,
17.

ALIZARINE DARK GREEN, vi, 19 ; xii, 17.

ALIZARINE DIRECT BLUE, vi, 17 ; v1,18;
x1, 12; x, 13; xxx, 8.

ALIZARINE DIRECT CYANINE, vi, 17.

ALIZARINE DIRECT GREEN, Vi1, 18; xu,
7; xxx, 8.

ALIZARINE DIRECT VIOLET, vi, 18; X,
10; xxx, 8.

ALIZARINE EMERALDOL, v1, 17 ; xi1, 7.

ALIZARINE GARNET, v11, 2.

ALIZARINE GERANOL, V1, 18,

ALIZARINE GREEN, vi, 12; vi, 19; vii,
23 xu, 9; xii, 17; xix, 14; xix,
15.

ALIZARINE HELIOTROPE, XXX, 8.

ALIZARINE INDIGO, V1, 8 ; XxxX, 2.

ALIZARINE INDIGO BLUE, vi, 19, x1, 14

ALIZARINE INDIGO GREY, Vi1, 8.

ALIZARINE INDIGO RED, Vi1, 8.

ALIZARINE IRISOL, V1, 18 ; x, 10.

ALIZARINE MAROON, vi, 2, X, 18, xvi,
14 ; xw1, 15.

ALIZARINE ORANGE, vi, 19, wviu, 18;
xv, 17 ; xx,13; xxx, 17.

ALIZARINE PINK, XVvl, 14,

ALIZARINE PURPLE, xvi1, 11 ; xxx, 17.

ALIZARINE RED, v1, 19 ; vin, 18 ; 1x, 20;
x, 17 xv1, 14; xvn, 17; xx, 13
XXV ; XXX, 17.

ALIZARINE RUBINOL, vi, 18;
XXX, 8.

ALIZARINE SAPHIROL, vi, 17 ; x1, 12.

ALIZARINE SKY BLUE, v1, 18 ; xi, 13.

ALIZARINE URANOL, v1, 18 ; xi, 13.

ALIZARINE VIOLET, xvi, 17,

ALIZARINE VIRIDINE, v1, 18; xn, 18;
xix, 13.

ALIZARINE YELLOWS, vi, 12; wii, 3;
vii, 115 v, 153 xv, 5; xv, 14

ALKALI BLUES, V1, 3; x1, 10; xvu, 1;
xxx, 10.

ALKALI FAST GREEN, v1, 3; xu, 5.

ALEALI VIOLETS, v1, 3; X, 8; xvu, 2.

ALPHANAPHTHYLAMINE BORDEAUX, XVl,
9.

'ALPHANOL BLACK, v1, 10.

ALSACE GREEN, V11, 3 ; xix, 8.

AMARANTH, Vi, b.

AMETHYST VIOLET, 1v, 7.

1x, 12;
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AMIDO ACID BLACK, Vi, 10.

AMIDO BLACK, vi, 10 ; xiv, 2.

AMIDO NAPHTHOL BLACK, Vi, 10.

AMIDO NAPHTHOL RED, Vi, 5 ; ix, 1(

AMINE BIACE, X1V, 2,

ANILINE BLACK, Xiv, 8; xxi, 12.

ANISOLINE, ix, 1; xvi, 3; xvii, 3.

ANTHOSINE, Vi, {.

ANTHOSINE VIOLET, Vi, 9.

ANTHRACENE ACID BLACK, vi, 16 ; xiv,
10. .

ANTHRACENE ACID BROWN, v1, 12 ; xii,
7.

ANTHRACENE BLUE, vi, 19; vi,, 2;
x1, 14 ; xviy, 16 ; xviu, 17 ; xxx, 17,

ANTHRACENE BROWN, vi, 2; xm, 9;
xx, 12. .

ANTHRACENE CHROMATE BROWN, X111, 7.

ANTHRACENE CHROMATE GREY, x1v, 10.

ANTHRACENE CHROME BLACK, Vi, 16;
x1v, 9.

ANTHRACENE CHROME BLUE, X1, 23.

ANTHRACENE CHROME BROWN, vi1, 12,

ANTHRACENE CHROME RED, Vi1, 11 ; 4x,
17.

ANTHRACENE CHROME VIOLET, vi, 11.

ANTHRACENE GREEN, X1X, 16

ANTHRACENE ORANGE, v1, 12.

ANTHRACENE RED, v, 4; 1X, 18; xxx,
16.

ANTHRACENE YELLOW, vi, 12; wvu, 3;
v, 15.

ANTHRACITE BLACK, vi, 10.

ANTHRACYANINE, v1, 17, x1, 12,

ANTHRAFLAVONE, v11, 9; Xxv, 18.

ANTHRAGALLOL, vi1, 2 ; xm, 9; xx, 12,

ANTHRAPURPURIN, v, 2,

ANTHRAQUINONE BLUE, vi, 17 ; x1, 13.

ANTHRAQUINONE BLUE GREEN, vi, 18;
x1, 8.

ANTHRAQUINONE GREEN, v1, 18 ; x11,8;
XXX, 8.

ANTHRAQUINONE VIOLET, vi, 18 ; x,10;
XXX, 8.

ARCHIL, 1X, 2,

AURACINE, 1v, 2.

AURAMINE, 1v, 17 ; vil, 2; xv,8; xxx,
12.

AURANOL, v, 1; vn, 1.

AUROPHOSPHINE, iv, 2; viy, }; xv, 9.

AUTOCHROME BLUE, v, 7; x1, 24.

AUTOCHROME GREY, X1V, 9.

AUTOCHROME ORANGE, V, 5 ; vi, 16,

AUTOCHROME RED, V, 4 ; 1x, 18.

AUTOL BRILLIANT RED, XXX, l.
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AUTOL ORANGE, XXX, 1.

AUTOL REDS, vii, 6 ; xxx, 1.

AZIDINE GREENS AND OLIVES, V, 6.

AZINE GREEN, iv, 3; xu, 2; xi, 4;
xix, 2.

AZINE SCARLET, XV1, 4.

AZO ACID BLACK, vi, 10; xiv, 2.

AZO ACID BLUE, vi, 8; xi, 11.

AZO ACID CARMINE, V1, b.

AZO ACID RED, V1, § ; 1x, 10.

AZO ACID VIOLET, v1, 9; x, 9.

AZO ACMD YELLOW, vi, 6 ; vui, 9.

AZO ALIZARINE CARMOISINE, Vi, 11,

AZO ALIZARINE ORANGE, V1, 12,

AZO ALIZARINE YELLOW, vi1, 12,

AZO CARMINE, v1, 2; 1x, 8, xxx, 9.

AZO CHROME BLUE, vi, 11.

AZO COCCINE, V1, 5.

AZO CYANINE, v1, 8; x1, 11.

AZO EOSINE, V1, 5.

AZO FLAVINE, v1, 6 ; vui, 9.

AZO FUCHSINE, V1, 5; 1x, 11; xxv.

AZO MAUVE, v, 8.

A®0 MERINO BLACK, v1, 10; xiv, 2.

AZO MERINO BLUE, vi, 8; xi1, 11.

AZO MILLING RED, V1, 5.

AZO NAVY BLUE, v1, 8 ; xi1, 11.

AZO PHOR BLACK, Xx1, 9.

AZO PHOSPHINE, 1v, 14, vi, §; xv, 10.

AZO PURPURINE, V, 4.

AZO RUBINE, V1, 5.

AZO VIOLET, Vv, 8.

AZO YELLOW, viu, 9.

BARWOOD, 1X, 16 ; xxv.

BASLE BLUE, 1v, §; xvin, 3.

BENZAZURINE, XXX, 5.

BENZIDINE BROWNS, XX, 5,

BENZIDINE PUCE, xvi1, 12,

BENZO BLUE, v, 7; x1, 25; xvui, 8;
xvu, 9.

BENZO BROWN, xii1, 8.

BENZO FAST BLUE, XXX, O.

BENZO FAST EOSINE, v, 4.

BENZO FAST HELIOTROPE, V, 8.

BENZO FAST SCARLET, ix, 19; xvi, 7;
XXX, .

BENRO FAST VIOLET, XXX, 5.

BENgO GREENS AND OLIVES, v, 6, xi,
15.; x1x, 6.

BENZO REDS AND SCARLETS, v, 4; ix,
19,

BENZO SKY BLUE, Xi, 25.

BENZO VIOLETS AND HELIOTROPES, V, 8 ;
xv, 9.
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BENZO YELLOWS, ORANGES,
v,b5; xv, 12; xx, 3. )

BENZOFLAVINE, 1v, 2 ; vui, I/; xv, 9,

BENZOFORM BLUES, v, 7.

BENZOFORM REDS AND SCARLETS, v, 4.

BENZOFORM VIOLETS AND HELIOS, Vv, 8.

BENZOFORM YELLOWS, ORANGES,
BROWNS, Vv, 5.

BENZOPURPURINE, v, 4 ; 1x, 19.

BENZYL BLUE, xxXx, 10.

BENZYL VIOLET, iv, 12; x, 2; xvi, 5;
XXX, 14.

BETAMINE BLUE, x1, 10; xvin, 1.

BIEBRICH ACID RED, V1, 5, 1X, 10,

BIEBRICH PATENT BLACK, vi, 10; xiv,
2.

BIEBRICH SCARLET, vi, 5 ; 1x, 10.

BISMARCK BROWN, 1v, 15 ; xm, 2; xx,
2; xxx, 15.

BONSOR’S BLACK, X1V, .

BORDEAUX, V1, b.

BRAZILWOOD, 1X, 6 ; x, 3.

BRILLIANT ACID BLUE, Vi, 4;
xxx, 10.

BRILLIANT ACID CARMINE, V1, 5.

BRILLIANT ALIZARINE BLACK, x1v, 11.

BRILLIANT ALIZARINE BLUE, V1, 2; X1,
16 ; xvi, 13 ; xxv.

BRILLIANT ALIZARINE BORDEAUX, ViI,
2; xxx, 17.

BRILLIANT ALIZARINE OYANINE, vi, 19 ;
x1, 14.

BRILLIANT ALIZARINE VIRIDINE, V1, 18 ;
xu, 18 ; xix, 13.

BRILLIANT ANTHRAZUROL, vi, 17; x1,
12.

BRILLIANT CARMINE, XXX, 11.

BRILLIANT CHLORAZOL BLUE, Vi, 4.

BRILLIANT CHROME RED, xv1, 10.

BRILLIANT CLOTH BLUE, V1, 8.

BRILLIANT CONGO VIOLETS AND HELIOS,
v, 8

BRILLIANT CRESYL BLUE, 1v, 5.

BRILLIANT CROCEINE, V1, § ; xvi, 2.

BRILLIANT DELPHINE BLUE, V1, 2, X1,
17.

BRILLIANT DIANIL BLUE, vi, 4; x1, 10;
xvii, 1.

BRILLIANT DIAZINE BLUE, 1v, 8.

BRILLIANT DOUBLE SCARLET, V1, b.

BRILLIANT GLACIER BLUE, iv, 11.

BRILLIANT GREEN, 1v, 10; xu, 3; xix,
4; xxx, 14.

BRILLIANT HELIO PURPURINE B, XXX, 5.

BRILLIANT INDIGOS, Vi, 8 ; XXX, 2.

BROWNS,

xi, 9;
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BRILLIANT KITONE RED, IX, 7.
BRILLIANY LAKE SCARLETS, XXX, 11.
BRILLIANTMILLING BLUE, vi, 4; ix, 7;
xi, 22
BRILLIANT MILLING GREEN, vi, 4; xui,
5.
BRILLIANT ORANGE, v, §; Vi, 6.
BRILLIANT PHOSPHINE, iv, 2; viii, 1.
BRILLIANT PURE YELLOW, v, 3 ; vui, 12.
BRILLIANT PURPURINE, V, 4.
BRILLIANT RHODULINE RED, iv, 1; ix,
2
BRILLIANT RHODULINE VIOLET R, ix, 2.
BRILLIANT SAFRANINE, 1v, 1 ; 1x, 2,
BRILLIANT SK¥ BLUE, x1, 10.
BRILLIANT VICTORIA BLUE, 1v, 11,
BRILLIANT VIOLET, 1v, 12 ; X, 2
BRILLIANT YELLOW, V,5; v1,6; vuL,9.
BROMINDIGO, Vi1, 8 ; xvui, 12.
BUTTER YELLOW, v11, 6.

CAMWOOD, ix, 16 ; xxV.

CAPRI BLUE, iv, 5 ; x1, 1; xvi, 3.

CAPRI GREEN, X1, 2 ; xIX, 2.

CARBAZOL YELLOW, vui, 17 ; xv, 12,

CARBIDE BLACK, X1V, 3.

CARBON (LAMP BLACK, IVORY BLACK,
ACETYLENE BLACK, ETC.), XXX, 20

CARMINE, XXX, 17.

CATECHU YELLOWS, ORANGES, BROWNS,
v, b.

CELESTINE BLUE, 1v, 4; X, 12; x1,17;
xvul, 6; xvi, 13.

CERASINE ORANGE, Vi, 6.

CERASINE RED, vii, 6.

CERISE, Xv1, 5.

CHICAGO BLUE, Vv, 7; X1, 26 ; xvul, 8
xvi, 9.

CHICAGO SKY BLUE, X1, 25.

CHICAGO YELLOWS, ORANGES,
v, b.

CHINA GREEN, Xxi1, 3.

CHLORAMINE BLACKS, V, 9.

CHLORAMINE BLUES, V, 7.

CHLORAMINE GREENS AND OLIVES, v, 6 ;
x1x, 6.

CHLORAMINE ORANGES, v, 3; vin, 14
XXX, b.

CHLORAMINE REDS AND SCARLETS, v, 4.

CHLORAMINE VIOLETS AND HELIOS, v, 8 ;
xvii, 9.

CHLORAMINE YELLOWS, v, 2; vin, 12
xv, 16 ; xxx, 6.

CHLORANISIDINE PINK, Xv1, 9.

CHLORANTINE BLUES, Vv, 7.

BROWNS,

ANALYSIS OF DYESTUFFS,

CHLORANTINE GREENS AND OLIVES,
v, 6.

CHLORANTINE LILAG, V, 8.

CHLORANTINE REDS AND SCARLETS,
v, 4.

CHLORANTINE VIOLETS, X, 16 ; xviu, 93
xvu, 10.

CHLORAZOL BLACKS, V, 9; x, 16; xiv,

CHLORAZOL BLUE, v, 7; xi, 25; xvi,
8; xvi, 9.

CHLORAZOL BRILLIANT BLUE, %1, 10;
xvin, 1.

CHLORAZOL FAST SCARLET, ix, 19.

CHLORAZOL FAST YELLOW, Vv, 2; viii,
12.

CHLORAZOL GREENS AND OLIVES, v, 6 ;
xn, 15,

CHLORAZOL REDS AND SCARLETS, Vv, 4.

CHLORAZOL SKY BLUE, X1, 25.

CHLORAZOL VIOLETS AND HELIOS, V, 8 ;

xvi1, 9.
CHLORAZOL YELLOWS, ORANGES,
BROWNS, v, §; XX, 3. @
CHLOROPHENINE, v, 2; vui, 12; xv,
16 '

CHROMAL BLUE, X1, 18

CHROMAL BROWN, v1, 12.

CHROMANIL BLACK, X1V, 3.

CHROMATE BLACK, V1, 16.

CHROMAZONE BLUE, vi1, 8; x1,11; xi,
18.

CHROMAZONE RED, Vi1, 5.

CHROMAZURINE, V1, 2.

CHROME ACID BLACK, vi, 16.

CHROME BLUE, 1v, 11 ; xi,21; xvi, 7;
XXV.

CHROME BORDEAUX, Xvi, 10; xvu, 13.

CHROME CYANINE, vi1, 14.

CHROME FAST BLACK, v1, 16 ; xiv, 9.

CHROME FAST BLUE, vi, 11 ; x1, 23.

CHROME FAST BORDEAUX, Vi, 11.

CHROME FAST BROWN, Vi, 12.

CHROME FAST CYANINE, vi, 14,

CHROME FAST GARNET, vi1, 11.

CHROME FAST GREEN, vi, 15; xu, 11;
xi, 13.

CHROME FAST RED, 1x, 18.

CHROME FAST VIOLET, v1, 15.

CHROME FAST YELLOW, v1, 12; vm, 15.

CHROME GLAUCINE, XXX, 9.

CHROME GREEN, 1v, 10; vi, 13; xii,
11; xi, 12; xix, 5.

CHROME ORANGE, V1, 12; v, 15; xv,
4,
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CHROME PATENT GREEN, xi1, 14,

CHROME PRUNE, xvil, 13,

£HROME RED, xv1, 10.

CHROME VIOLET, 1v, 12 ; x,14; xVn, 8.

CHROME WORSTED BLUE, X1, 18

CHROME YELLOW, vi, 12; vu, 15; xv.
4.

CHROMOCITRONINE, v1, 12.

CHROMOCYANINE, 1v,'4.

CHROMOGENE VIOLET, X, 14.

CHROMORHODINE, V1, 4.

CHROMOTROPE BLUE, v1, 11 ; xi, 23.

CHROMOTROPES, v1, 11 ; 1x, 11.

CHROMOXAL GREEN, xi1, 13.

CHROMOXANE BROWN, v1, 12,

CHROMOXANE GREEN, xi1, 11.

CHRYSAMINE, v, §; v, 17; xv, 12.

CHRYSOIDINE, 1v, 14 ; vin, 5; xv, 10;
xxx, 15.

CHRYSOPHENINE, v, §; vui, 17; xv,
12; xxx, 5.

CIBA BLUE, X1, 19; xvin, 12; xxx, 2.

CIBA BORDEAUX, xvI1, 12.

$IBA BROWN, vi, 9; xu, 4; xx, 10.

CIBA GREEN, x11, 10 ; xix, 20.

CIBA GREY, xx1, 10.

CIBA HELIOTROPE, X, 13 ; xvu, 16.

CIBA INDIGO YELLOW, vii, 9; v, 13.

CIBA LAKE RED, XxXx, 11,

CIBA ORANGE, v, 13

CIBA RED, vi1, 9; 1x, 15; xvi, 12

OCIBA SCARLET, vi1, 9; 1x, 15; xv1, 12
xvi, 16.

CIBA VAT SERIES, vil, 8.

CIBA VIOLET, X, 13; xvii, 16; xxx, 2

CIBA YELLOW, vi1, 9; v, 13.

CIBANONE BLACK, Vi1, 7 ; xx1, 15,

CIBANONE BLUE, v, 7.

CIBANONE BROWN, vi1, 7 ; XX, 15.

CIBANONE GREEN, vi1, 7.

CIBANONE OLIVE, vi, 7.

CIBANONE ORANGE, Vi, 9; xv, 18;
XXX, 18.

CIBANONE YELLOW, Xxv, 18,

CITRONINE, V1, 6 ; v, 8.

CLAYTON YELLOW, Vv, 2; vu, 12; xv,
16.

CLOTH RED, ix, 10.

CQUHINEAL, XXX, 17.

COCHINEAL SCARLET, ix, 14.

cerPLEINE, vi, 19; vu, 2; xii, 17;
xix, 16.

COLUMBIA BLACKS, v, 9; x1v, 3; Xxi, 7.

COLUMBIA BLUE, v, 7; xviu, 8; xviu, 9.

COLUMBIA BROWN, x111, 8; XX, 3.
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COLUMBIA GREENS AND OLIVES, v, 6;
xu, 16 ; xix, 6.

COLUMBIA REDS AND SCARL}TS, V, 4.

COLUMBIA VIOLETS AND HELIOTROPES,
v,8; x, 16; xvu, 10.

COLUMBIA YELLOW, v, 2; vii, 12,

CONGO BLUE, Vv, 7; xvui, 8; xvui, 9.;

CONGO BROWN, X111, 8.

CONGO REDS AND SCARLETS, V, 4.

CONGO VIOLETS, xv1, 9.

CONGO YELLOWS, ORANGES, BROWNS,
v, 5; v, 17; xv, 12; xx, 3.

COOMASSIE BLACKS, v, 9.

COOMASSIE BLUES, V, 7.

COOMASSIE WQOL BLACK, Vi, 10.

CORIOFLAVINE, 1v, 2

CORIPHOSPHINE, 1v, 2; wiii, 1; xv, 9.

CORREINE, 1v, 4 ; x, 12; x1, 17; xvn,
7, xvu, 15, xvu, 6.

COTTON BLACKS, v, 9; x1v, 3.

COTTON BLUES, V, 7.

COTTON REDS AND SCARLETS, V, 4.

COTTON YELLOWS, ORANGES, BROWNS,
v,5, vu, 17; xv, 11.

CRESOL BLACK, v1, 10 ; x1v, 2.

CRESOL BLUE BLACK, VI, 8.

CRESOTINE YELLOW, v, 5; vui, 17.

CRESYL BLUE, 1v, 5; x1, 1 ; xvin, 3.

CRESYL FAST VIOLET, 1v, 7 ; XXX, 13.

CROCEINE ORANGE, v1, 6 ; v, 7.

CROCEINE SCARLET, v1, 5 ; 1x, 10; xvi,
2.

CROSS-DYE BLACKS, xxi, 11.

CROSS-DYE BROWN, xXx, 11.

CROSS-DYE GREEN, x1X, 11.

CROSS-DYE YELLOWS AND ORANGES,
xv, 15.

CRYSTAL SCARLET, vi, §; ix, 10.

CRYSTAL VIOLET, 1v, 12; x, 2; xvi, 5.

CUDBEAR, 1X, 3 ; XXV.

CUPRAMINE BRILLIANT BLUE, Vv, 7.

CUPRANIL YELLOWS, ORANGES, BROWNS,
v, 5.

CURCUMINE, v, 3 ; viii, 9; vui, 14.

CUTCH, x11, 10 ; xx, 14.

CUTCH BROWNS, Vv, .

OYANANTHROL, V1, 18 ; X1, 13 ; xxXx, 8.

CYANINE, vi, 4; x, 19.

CYANOGENE, x1, 9; xiu, 6.

CYANOL, V1, 4 ; x1, 8; xi, 9.

CYANOL FAST GREEN, XII, 5.

OYANOL GREEN, Vi, 4.

CYANOSINE, Vi, 3.

CYPRUS BLUE, X1, 23.

OYPRUS GREEN, v1, 15 ; xii, 13.
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DELPHINE BLUE, vi, 2; xi, 17; xvin,
13.

DELTAPURRYRINE, V, 4.

DIAMINE BLACKS, v, 9; xiv, 3; xx1, 7.

DIAMINE BLUES, v, 7; x1, 25; xvui,
8; xvin, 9.

DIAMINE BROWN, X1, 8.

DIAMINE FAST RED, XV1, 8.

DIAMINE FAST SCARLET, ix, 18.

DIAMINE FAST YELLOW, v, 2; Vv, 3;
viii, 12; vin, 14; xv, 16,

DIAMINE GOLD, V, 5.

DIAMINE GREENS AND OLIVES, Vv, 6;
x1, 15 ; x1x, 6.

DIAMINE NERON, v, 9.

DIAMINE ORANGE, v, 3; viil, 14.

DIAMINE REDS AND SCARLETS, V, 4;
1X, 19; xv1, 7.

DIAMINE ROSE, XV1, 7.

DIAMINE SKY BLUE, X1, 25

DIAMINE VIOLETS AND HELIOTROPES,
v,8; x,16; xvi, 9

DIAMINE YELLOWS, ORANGES, BROWNS,
v, 5, xv,12; xx, 3.

DIAMINERAL BLACK, V, 9.

DIAMINERAL BLUES, Vv, 7.

DIAMINOGEN BLACKS, v, 9; x1v, 3;
xx1, 7.

DIAMINOGEN BLUE, v, 7.

DIAMOND BLACK, vi, 16; x1v, 9; x1v,
10

DIAMOND BLUE BLACK, x1v, 9

DIAMOND BROWN, x11, 7.

DIAMOND FLAVINE, vui, 15; xv, 14

DIAMOND GREEN, 1v, 10; vi, 15; xu,
13; xu, 14; xix, 9.

DIAMOND MAGENTA, 1X, 4.

DIAMOND ORANGE, Vi1, 12.

DIAMOND PHOSPHINE, 1v, 2; v, 1.

DIAMOND RED, vi, 11 ; 1x, 17.

DIAMOND YELLOW, viu, 15.

DIANIL BLACKS, v, 9; x1v, 3; xx1, 7.

DIANIL BLUES, v, 7; X1, 256, xviu, 8;
xvi, 9 ; xxX, 5.

DIANIL BROWN, X111, 8.

DIANIL DIRECT YELLOW, vii, 14.

DIANIL FAST SCARLET, 1X, 18.

DIANIL GREENS AND OLIVES, v, 6; xii,
15.

DIANIL PURE YELLOW, Vv, 2; wvai, 12.

DIANIL REDS AND SCARLETS, V, 4 ; ix,
19.

DIANIL SKY BLUE, X1, 25.

DIANIL VIOLETS AND HELIOTROPES,
v,8; x,16; xvu, 9.

ANALYSIS OF DYESTUFFS,

DIANIL YELLOWS, ORANGES, BROWNS,
v, 53 xv,11; xv, 12; xx, 3.

DIANISIDINE BLUE, xvui, 10.

DIANOL BLACK, V, 9.

DIANOL BLUES, V, 7.

DIANOL GREENS AND OLIVES, Vv, 6.

DIANOL REDS AND SCARLETS, v, 4

DIANOL VIOLETS AND HELIOTROPES,
v, 8. ¢

DIAZANIL BLACK, v, 9,

DIAZANIL BLUES, Vv, 7.

DIAZANIL REDS AND SCARLETS, v&4.

DIAZINE BLACK, 1v, 8 ; x1v, 1.

DIAZINE BLUE, 1v, 8 ; xi1, 13; xwvii, 4

DIAZINE BROWN, 1v, 8 , xui, 1.

DIAZINE GREEN, 1v, 8, xu, 1; xix, 3.

DIAZINE GREY, XX1, 6.

DIAZINE RED, 1v, 13 ; 1x, 2.

DIAZO BLACKS, v, 9, x1v, 3; xx1, 7.

DIAZO BLUES, V, 7.

DIAZO BRILLIANT SCARLET, XV1, 7.

DIAZO GERANINE, V, 4.

DIAZO GREENS AND OLIVES, V, 6,

DIAZO REDS AND SCARLETS, V, 4. .

DIAZO VIOLETS AND HELIOTROPES, V, 8.

DIAZO YELLOWS, ORANGES, BROWNS,
v, b.

DIAZURINE BLUE, v, 7.

DIOXINE, vii, 3; xu, 12; xix, 8.

DIPHENE BLUE, 1v, 5 ; x1, 1

DIPHENYL BLACK, v, 9; xx1, 12

DIPHENYL BLUES, v, 7

DIPHENYL CHRYSOINE, v, 3; v, 14

DIPHENYL CITRONINE, v, 3; v, 14,

DIPHENYL FAST YELLOW, v, 3; v,
12.

DIPHENYL GREENS AND OLIVES, Vv, 6.

DIPHENYL REDS AND SCARLETS, Vv, 4.

DIPHENYL VIOLETS AND HELIOTROPES,
v, 8.

DIPHENYL YELLOWS, ORANGES, BROWNS,
v, .

DIRECT BLACK, V, 9.

DIRECT BLUE, v, 7; xi1, 10.

DIRECT BLUE BLACK, X1V, 3.

DIRECT BROWNS, v, 5.

DIRECT DEEP BLACK, X1V, 3.

DIRECT GREENS AND OLIVES, v, 6.

DIRECT REDS AND SCARLETS, v, 4

DIRECT VIOLETS AND HELIOTROPES,
v, 8. ¢

DIRECT YELLOW, v, 3; vui, 14; xxx,
5

DOMINGO BLUE BLACK, Vi, 8.

DOMINGO VIOLET, V1, 9.
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EBOLI BLUES, v, 7.

EBOLI GREENS AND OLIVES, V, 6.

FCLIPSE COLOURS, v, 1; vu, 1.

EGLANTINE, XXX, 1.

EOSAMINE, V1, 5.

EOSINE ORANGE, vili, 6 ; xv, 2.

EOSINE SCARLET, V1, 3 ; 1x, 13.

EOSINES, v1, 3 ; 1x,13; xvi,1; xxx,7.

ERGANONE BLUES, xv?u, 16.

ERICA, V, 4; 1X, 19; xv1, 7.

ERIO FAST BLUE, X1, 25

ERIO TWST BRILLIANT BLUE, V1, 8.

ERIO FAST PURPLE, V1, 9; X, 9; xxV.

ERIO GREEN, x11, 5.

ERIOCARMINE, V1, 5 ; 1x, 10

ERTOCHLORINE, X1, 9

ERIOCHROME AZUROL, X1, 18 ; xxV.

ERIOCHROME BLACK, V1, 16 ; xiv, 9.

ERIOCHROME BLUE, XXV.

ERIOCHROME BORDEAUX, VI,
17.

ERIOCHROME BROWN, v1, 12.

ERIOCHROME CYANINE, X1, 18.

RBIOCHROME GARNET, 1X, 17.

ERIOCHROME GREEN, vi, 15; xn, 13.

ERIOCHROME GREY, X1V, 9.

ERIOCHROME OLIVE, vi, 11

ERIOCHROME PHOSPHINE, Vi, 12; v,
15.

ERIOCHROME RED, V1, 11 ; 1x, 17 ; xxv

ERIOCHROME VERDONE, xi1, 16

ERIOCHROME VIOLET, vi, 15 ; x, 15.

ERIOCHROME YELLOW, vi, 12, v, 15.

ERIOCYANINE, Vi, 4; vi, 17; x1, 9;
x1, 12

ERIOFLOXINE, V1, &

ERIOGLAUCINE, v, 4; x1, 9.

ERIORUBINE, V1, § ; 1x, 10.

ERIOVIRIDINE, V1, 4 ; xu, 5.

ERWECO ALIZARINE ACID RED, Vi1, 19;
X, 20 ; x, 10.

ERYTHROSINES, V1, 3; 1Xx, 13; xvi, 1;
Xxx, 7.

ETHYL ACID BLUE, V1, 8.

ETHYL ACID VIOLET, V1, 9.

ETHYL BLACK, vi, 10.

ETHYL GREEN, 1v, 10.

ETHYL PURPLE, 1v, 11.

ETHYL VIOLET, X, 2; xvii, 5.

11; 1x,

FAST AYID BLUE, vi, 2; x1, 20.
FAST ACID COCHINEAL, 1X, 10.
FAST ACID EOSINE, v1, 4; 1X, 7.
FAST ACID GREEN, x11, 8

FAST ACID MAGENTA, V1, 4.

187,

FAST ACID ORANGE, vi, 6 ; viii, 7.

FAST ACID PHLOXINGE, vi, 4; ix, 7.

FAST ACID RED 4, vi, 2; ix,9.

FAST ACID VIOLET, vi, 2; vi, 4; x,7;
xi, 9; xXV.

FAST ACID YELLOW, Vi, 6.

FAST BLUE, v1, 2; X, 4; xi, 6; xwviii,
3; xxx, 13.

FAST BROWN, v1, 6 ; xui, 2; xx, 1.

FAST CHROME BLACK, Vi1, 16 ; x1v, 9.

FAST CHROME GREEN, V1, 15.

FAST GREEN, 1v, 10; vi, 3; xu, 2,
X1, 3; XIX, 8; xxx, 14.

FAST LAKE BORDEAUX, XXX, 11,

FAST LIGHT ORANGE, Vi1, 6 ; vu, 7.

FAST LIGHT YELLOW, vi, 6; viu, 7;
xxx, 11.

FAST MORDANT BLACK, V1, 16.

FAST MORDANT BLUE, X1, 23.

FAST MORDANT YELLOW, vil, 15.

FAST NAVY BLUE, 1v, 5.

FAST ORANGE, xxX, 11,

FAST PINK, 1X, 15.

FAST PRINTING GREEN, v, 3.

FAST RED, V1, 5; 1x, 10; xv1, 2.

FAST SCARLET, 1X, 15.

FAST SKY BLUE, v1, 17 ; x1, 12

FAST SULPHON BLACK, VI, 10.

FAST SULPHON VIOLET, vi1, 9

FAST WOOL YELLOW, viil, 7.

FAST YELLOW, vi, 6; v, 9.

FLAVANTHRENES, XXX, 3.

FLAVAZINE, vi, 7.

FLAVAZOL, vi, 15 ; xv, 14.

FLAVINDULINE, XV, 7.

FLAVINE, viu, 11.

FLAVOPHOSPHINE, 1v, 2; v, 1; xv, 9.

FLAVOPURPURINE, v, 2

FLUORESCEINE, V1, 3.

FLUORESCENT BLUE, x1, 6.

FORMAL BLACKS, Vv, 9.

FORMAL BLUES, v, 7.

FORMAL REDS AND SCARLETS, Vv, 4.

FORMAL VIOLETS AND HELIOTROPES,
v, 8.

FORMYL VIOLET, vi, 4; x, 8; xvu, 2,
xxx, 10.

FUCHSINE, 1X, 4 ; Xv1, b.

FUSTIC, vui, 11 ; xxv,

GALLAMINE BLUE, vi, 2; xi, 17; xvui,
6; xvi, 13.

GALLANILIC GREEN, XIX, 12.

GALLEINE, vu, 2; x, 11; xvu,
XXV.
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GALLOCYANINE, vi, 2; X, 12, x1, 17
xvi, 73 xvu, 15 xvi, 6; xviii,
13; xxv.

GALLOFLAVINE, vil, 2; vi, 11,

GALLOPHENINE, xvi, 13.

GAMBINE, v, 3 ; xu1, 12; x1x, 8,

GERANINE, v, 4; 1x, 19; xvi, 7.

GLACIER BLUE, 1v, 11.

GLYCINE REDS AND SCARLETS, V, 4.

GOLDEN ORANGE, vui, 14; xv, 18.

GOLDEN YELLOW, viu, 14,

GRENADINE, XV1, §

GUIGNETS GREEN
DRATE), XxX, 20.

GUINEA BLACK, v1, 10 ; x1v, 2.

GUINEA BROWN, v1, 6 ; xui, 8

GUINEA FAST RED, 1x, 10

GUINEA FAST YELLOW, v1, 6; v, 7.

GUINEA GREEN, vi, 4; x1, §; x1%, 13
XXX, 10.

GUINEA RED, V1, b

GUINEA VIOLET, V1, 4; x, 8; xvi1, 2;
xxx, 10.

(CHROMIUM HY-

HZEMATINE CRYSTALS, XXV.

HANSA RED, V11, 6 ; xxx, 1

HANSA YELLOW, v11, 6 ; xxx, 1

HELINDONE BLACK, Vi, 7; v, 9; xx1,
15

HELINDONE BLUE, v, 7 ; xi, 19, xxx,
2.

HELINDONE BROWN, vi, 9; xm, 4;
xx, 10

HELINDONE FAST SCARLET, vii, 9 ; xvi,
12, xxx,2

HELINDONE GREEN, x11, 10; xix, 20.

HELINDONE ORANGE, vi, 7, vi, 9;
vi, 13 ; xv, 18; xxx, 2.

HELINDONE RED, 1X, 15, xvi, 13;
XXX, 2.

HELINDONE SCARLET, 1X, 15; xvi, 12;
XXX, 2.

HELINDONE VAT SERIES, V11, 8.

HELINDONE VIOLET, X, 13; xvn, 16;
XXX, 2.

HELINDONE YELLOW, vu, 9; viu, 13;
xv, 18.

HELIO BORDEAUX, XxX, 11.

HELIO FAST BLUE, XXX, 8

HELIO FAST PINK, v, 9 ; XXX, 3.
HELIO FAST RED, vii, 6.

HELIO FAST VIOLET, XXX, 8.

HELIO FAST YELLOWS, vi, 9 ; XXX, 3.
HELIO ORANGES, xxx, 11.

HELIO PURPURINE, XXX, 0.
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HELIO RED, XXX, 11.

HELIO VIOLET, XxX, 11,

HESSIAN BLUES, v, 7.

HESSIAN BROWN, X111, 8.

HESSIAN PURPLE, V, 8.

HESSIAN REDS AND SCARLETS, Vv, 4.

HESSIAN VIOLET, xvi, 9.

HESSIAN YELLOWS, ORANGES, BROWNS,
v, b; xx, 3.

HOFMANN’S VIOLET, iv, 11.

HOMOPHOSPHINE, 1v, 2

HYDRAZINE YELLOW, v, 7

HYDRONE BLUE, vii, 7 ; xvi, 11; XxX,
19

HYDRONE BROWN, vii, 7.

HYDRONE DARK BLUE, vi1, 7.

HYDRONE OLIVE, v, 7

HYDRONE VIOLET, vu, 7; xvu, 14;
xxx, 19,

IMMEDIAL BLACKS, xxi, 11.

IMMEDIAL BLUE, xvin, 11.

IMMEDIAL CUTCH, XX, 11

IMMEDIAL GREENS, X1x, 11.

IMMEDIAL YELLOWS AND ORANGES,
xv, 15

INDALIZARINE, xi, 17 ; xix, 12

INDAMINE BLUE, 1V,

INDANTHRENE BLACK, Xx1, 15

INDANTHRENE BLUES, X1, 15, xviii, 183
xXxx, 18.

INDANTHRENE CLARET, xv1, 16

INDANTHRENE COPPER, XV, 18

INDANTHRENE GOLD ORANGE, XXX, 3.

INDANTHRENE GREEN, x1x, 18

INDANTHRENE GREY, xx1, 15 ; xxx, 18.

INDANTHRENE MAROON, XX, 15

INDANTHRENE OLIVE, vi, 6, xix, 17 ;
xxx, 19 .

INDANTHRENE ORANGE, XV, 18,

INDANTHRENE RED, xVI1, 16.

INDANTHRENE SERIES, Vi, 9.

INDANTHRENE VIOLET, xvil, 20.

INDANTHRENE YELLOW, xv, 18; xxx,
18.

INDAZINE, 1v, b.

INDAZURINE, Vv, 7.

INDIAN YELLOW, vi, 6; wviii, 9; x—, 3.

INDIGENE BLACKS, v, 9.

INDIGENE BLUES, V, 7

INDIGO, Vi1, 8 ; x1, 18, xviu, 12; xxv.

INDIGO CARMINE, v1, 2, X1, §.

INDIGO EXTRACT, X1, b.

INDOCARBON BLACK, V11, 6

INDOCHROMINE, v1, 2; x1, 16 ; xxV.
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INDOCYANINE, XXV.

INDOINE BLUE, 1v, 8; xi, 3; xv, 4.

JNDOLE BLUE, 1V, 8.

INDONE BLUE, 1v, 8

INDO VIOLET, vi, 9; x, 9.

INDULINE, V1, 2; vii, §; X, 4; X1, 6;
XXX, 9.

INDULINE SCARLET, 1v, l; 1x, 2;
xv1, 4.

INGRAIN BLACKS, Vv, 9.

INSOLUBLE RED WOODS, ix, 16.

INTENSIVE BLUE, X1, 8.

IODINE GREEN, 1v, 10.

IRIS VIOLET, 1v, 7 ; X, 1; xvii, 4

IRISAMINE, 1v, 9; ix, 1; xv1, 3

IRON BUFF (OXIDES OF CR AND IE), XX,
8.

ISAMINE BLUE, vi, 4; x1, 10; xvu, 1.

ISODIPHENYL BLACKS, V, 9.

ISORUBINE, 1v, 9, xv1, 5.

JANUS BLACK, 1v, 8 ; x1v, 1; xxi, 6
JANUS BLUE, 1v, 8; x1, 3; xvi, 4
$ANUS BROWN, 1v, 15 ; xu1, 2; xx, 2.
JANUS CLARET RED, XV11, 6

JANUS DARK BLUE, 1v, 8 ; xi, 3.

JANUS GREEN, 1v, 8; xu, 1; xix, 3
JANUS GREY, 1v, 8 ; xx1, 6.

JANUS RED, 1v, 13, 1x, 5, xvi, 6.
JANUS YELLOW, 1v, 14, vu1, 5, xv, 10.
JUTE BLACK, x1v, 1.

KATIGENE BLACK, xx1, 11.

KATIGENE BLUES, xvui, 11,

KATIGENE BROWNS, XX, 11.

KATIGENE COLOURS, v, 1; vi, 1; xix,
11.

KATIGENE VIOLET, xvi, 14,

KATIGENE YELLOWS AND ORANGES, XV,
15.

KHAKI (OXIDES OF CR AND FE), XX, 8.

KITONE BLUE, v1, 4 ; X1, 9; xxx, 10.

KITONE VIOLET, V1, 4 ; X, 8.

KITONE YELLOW, v1, 6 ; vui, 7.

LAKE BORDEAUYX, xxx, 11.

LAKE PURPLE, XXX, 11.

LAKE REDS, v1, b, vi, 6; xxx, 11.

L{NACYL BLUE, V1, 8, X1, 11.

LANACYL VIOLET, v1, 9, X, 9; xxV.

LANAFUCHSINE, V1, § ; 1%, 10.

LANOGLAUCINE, v1, 2 ; x1, 17,

LAZULINE BLUE, V1, 2 ; X1, 6.

LEUCOL BROWN, vi, 7; vu, 9; XX,
16.
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LEUCOL DARK GREEN, vi, 7; vi.. 93
x1x, 18.

LEUCOL YELLOW, v, 9.

LIGHT GREEN, V1, 4 ; x11, 5.

LIMAWOOD, IX, 6 ; X, 3.

LITHOL BORDEAUX, XXX, 5.

LITHOL FAST-ORANGE, v11, 6 ; xxx, 1.

LITHOL FAST SCARLET, vn, 6 ; xxx, l.

LITHOL FAST YELLOW, Vi1, 6 ; XXX, 1.

LITHOL REDS, v1, § ; xxX, 11.

LITHOL RUBINE, xXxX, 11.

LOGWOOD, x1v, 4, xiv, §; xxV.

LOGWOOD BLACK, XX1, 3 ; XXi, 4.

LOGWOOD BLUE, X1, 4.

MADDER RED, XXX, 17.

MAGENTA, 1v, 9; 1x, 4; xvi, §5; XXX,
14.

MALACHITE GREEN, 1v, 10;
X1X, 4 ; XxX, 14.

MANGANESE BRONZE, XX, 7.

MANGANESE BROWN, X1, 7.

MARTIUS YELLOW, V1, 6; wvui, 8.

MELANTHERINE, v, 9.

MELASINE, V1, 5.

MELDOLA’S BLUE, 1v, 5 ; x1, 1; xvin, 3

MERCEROL BRILLIANT BLUE, x1, 16.

MERCEROL BROWN, X111, 7.

MERCEROL GREEN, x11, 14.

MERCEROL ORANGE, vil, 16,

MERCEROL YELLOW, v, 16.

METACHROME BLUE, v1, 14.

METACHROME BROWN, X111, 7.

METACHROME VIOLET, V1, 2 ; X, 14.

METACHROME YELLOW, vi1, 12, v, 16

METAMINE BLUE, 1v, §

METANIL YELLOW, v1, 6 ; v, 10.

METANITRANILINE ORANGE, xv, 13.

METAPHENYLENE BLUE, 1v, § ; xvui, 3

METAZURINE, Vv, 7

METHYL BLUES, V1, 4.

METHYL EOSINE, V1, 2.

METHYL GREEN, 1v, 10 ; xix, 4.

METHYL VIOLET, 1v, 12; x,2; xvu, 5,
Xxx, 14.

METHYLENE BLUE, 1v, §5; x1, 1 ; xvi,
3; xxx,13.

METHYLENE GREEN, 1v, 3;
XIX, 2.

METHYLENE GREY, X1V, 1 ; xx1, .

METHYLENE HELIOTROPE, 1v, 7; X, 1.

METHYLENE VIOLET, v, 7; Xx, 1,
xvi, 4,

METHYLENE YELLOW, 1v, 16; vui, 3.
xv, 6.

xu, 3;

xu, 1,
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MIKADO BROWNS, xiii, 5.

MIEADO GOLDEN YELLOWS, V, 3; XXX,
5. .

MIKADO ORANGES, Vv, 3; XXX, D.

MIKADO YELLOW, v, 3; v, 14.

MILLING REDS, ix, 19.

MILLING SCARLETS, ix, 19.

MIMOSA YELLOW, v, 2; vy, 12,

MODERN OYANINE, 1v, 4; xvui, 6;
xviu, 13.

MODERN HELIOTROPE, iv, 6

MODERN VIOLET, iv, 6 ; xvi, 7; xvin,
15.

MONOCHROME BLACK, Vi, 16.

MONOCHROME BLUE, V1, 15; xi, 23.

MONOCHROME BROWN, vi1, 12, xm, 7.

MONOCHROME GREEN, V1, 18

MONOCHROME GREY, x1v, 10,

MORDANT YELLOW, vi, 12.

MUSCARINE, 1V, 5.

MYRABOLANS, XXV.

NAPHTHALENE ACID BLACK, vi, 10.

NAPHTHALENE GREEN, Vi, 4; xu, 5;
xix, 1.

NAPHTHALENE YELLOW, vi, 6; vui, 8.

NAPHTHAMINE BLACKS, v, 9; x1v, 3.

NAPHTHAMINE BLUES, v, 7; X1, 25.

NAPHTHAMINE BROWNS, X111, 8

NAPHTHAMINE FAST SCARLET, 1X, 19.

NAPHTHAMINE GREENS AND OLIVES,
v, 6; xu, 15.

NAPHTHAMINE PURE YELLOW, Vv, 2;
v, 12,

NAPHTHAMINE REDS AND SCARLETS,
v, 4.

NAPHTHAMINE SKY BLUES, X1, 25.

NAPHTHAMINE VIOLETS AND HELIO-
TROPES, V, 8, x, 16.

NAPHTHAMINE YELLOW, Vv, 3; v, 14

NAPHTHAMINE YELLOWS, ORANGES,
BROWN, v, 5.

NAPHTHAZARINE, v, 7; xiv, 11; xx1,
13.

NAPHTHINDONE BLUE, iv, 8; xi, 13;
xvin, 4.

NAPHTHOGENE BLUES, v, 7.
NAPHTHOL AC COLOURS, XVI, 9.

NAPHTHOL BLACK, Vi, 10; xiv, 2;
xxi, 1.

NAPHTHOL BLUE, iv, 5.

NAPHTHOL BLUE BLACK, v1, 8.

NAPHTHOL GREEN, vi, 7; xu, 12;

xxx, 11.
NAPHTHOL RED, Vi, b,
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NAPHTHOL YELLOW, vi, 6; viii, 8;

voxxx, 11

NAPHTHOMELANE, xxi, 13, L

NAPHTHYL BLUE, vi, 2.

NAPHTHYLAMINE BLACK, vi, 10; xiv,
2; xxi, 1.

NAPHTHYLAMINE BLUE BLACK, V1, 8.

NAPHTHYLAMINE RROWN, XX, 1.

NAPHTHYLAMINE YELLOW, vii, 8,

NEPTUNE BLUE, vi, 4 ; xi, 9.

NEPTUNE BROWN, Vi, 6 ; xui, 3.

NEPTUNE GREEN, vi, 4; xu,5; #x, 1;
xxx, 10.

NEROL, V1, 10 ; x1v, 2.

NEUTRAL BLUE, 1V, 5.

NEUTRAL RED, 1v, 1 ; xv1, 4.

NEUTRAL VIOLET, X, 1, xvii, 4.

NEW BLUE, 1V, 5.

NEW FAST GREEN, 1v, 10; xu, 3; xix, 4.

NEW FAST GREY, x1v, 1 ; xx, 15.

NEW FUCHSINE, 1v, 9 ; xv1, 5 ; xxx, 14.

NEW MAGENTA, 1v, 9; 1X, 4; xv1, 5;
XXX, 14.

NEW METHYLENE BLUE, 1v, §; X1, 1§
xviy, 3; xxx, 13

NEW METHYLENE GREY, XXI, 5.

NEW PATENT BLUE, x1, 9

NEW PHOSPHINE, 1v, 14; vui, 5; Xxv,
10.

NEW VICTORIA BLUE, 1v, 11.

NEW VICTORIA GREEN, 1v, 10

NIGHT BLUE, 1v, 11; x1, 2; xvii, 5.

NIGHT GREEN, X11, 5.

NIGRISINE, XX1, §

NIGROSINES, v1, 2; vi, 5; xxx, 9.

NILE BLUE, 1v, 5; x1, 1 ; xvu, 3.

NITROANISIDINE PINK, xVI1, 9

NITROPHENINE, Vv, 2.

NITROSO BLUE, XV1l1, 3.

NITROTOLUIDINE ORANGE, XV, 13.

NOIR REDUIT, XX1, 4.

OCHRE, xxX, 20.

OIL BLACK, vii, 5.

OIL ORANGE, V11, 6.

OIL RED, vii, 6.

OIL SCARLET, v1i, 6.

OIL VERMILLION, vi1, 6.

OIL YELLOW, v11, 6

OLEATE GREEN, Vi1, 5.
OLIVANTHRENE, x1x, 17.

OMEGA CHROME BLACK, Vi, 16,
OMEGA CHROME BLUE, vi, 11.
OMEGA CHROME CYANINE B, XXV,
OMEGA CHROME GREEN, vi, 15; xii, 13.
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OMEGA CHROME RED, vi, 11; 1x, 17;
XXV.

VMEGA LIGHT CLARET, vi, 9.

OMEGA LIGHT VIOLET, V1, 9 ; XXV.

OPAL BLUES, xxX, 10.

ORANGE, v1, 6; vui, 7, 9, 10, 17; xv,
3; xv, 13.

ORIOL YELLOW, v, 2% xv, 11

ORTHO BLACK, V1, 10.

ORTHOCYANINE, v1, 8; x1, 11.

OXAMJNE BLACKS, vV, 9.

OXAMINE BLUE, v, 7 ; xviu, 8 ; xvii, 9.

OXAMINE GREENS AND OLIVES, V, 6.

OXAMINE REDS AND SCARLETS, V, 4.

OXAMINE VIOLETS AND HELIOTROPES,
v, 8; xvn, 9; xvu, 10.

OXAMINE YELLOWS, ORANGES, BROWNS,
v, b.

OXYCHLORAZOL BLUES, Vv, 7.

OXYCHROME BLACK, V1, 16.

OXYCHROME BLUE, V1, 15.

OXYCHROME BROWN, v1, 12; xm, 7.

OXYCHROME GARNET, vi, 11, 1x, 17

OXYCHROME VIOLET, V1, 15, x, 15.

OXYCHROMINE, X111, 6

OXYDIAMINE BLACKS, v, 9; xx1, 7.

OXYDIAMINE REDS AND SCARLETS, V, 4

OXYDIAMINE VIOLETS AND HELIOS, V, 8

OXYDIAMINE YELLOW, Vv, 2; Vv, §,
vui, 12

OXYDIAMINOGEN, Vv, 7.

OXYDIANIL YELLOW, V, 2; vi, 12

PALATINE BLACK, vi, 10; xiv, 2,
xx1, 1.

PALATINE CHROME BLACK, V1, 16 , x1v,
10.

PALATINE CHROME BLUE, vi, 14 , xxv.

PALATINE CHROME BROWN, vi, 12,
xu1, 7.

PALATINE CHROME RED, V1, 11 ; 1x, 17.

PALATINE CHROME VIOLET, vi, 11,
x, 16.

PALATINE LIGHT YELLOW, V1, 6 ; v, 9.

PALATINE SCARLET, V1, § ; 1X, 10; xvi,
2; xxx, 1L

PAPER SCARLETS, XXX, 11,

PAPER YELLOW, XXX, D,

PRRA BLACKS, V, 9.

PARR BLUES, V, 7.

PARA BROWN, XX, 5.

PARA GREENS AND OLIVES, v, 6.

PARA REDS AND SCARLETS, V, 4.

PARA VIOLETS AND HELIOTROPES, V, 8.

PARA YELLOWS, ORANGES, BROWNS, V, 5.
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PARADIAMINE BLACKS, V, 9.
PARAMINE BROWN, XX, 15.
PARANIL BLACKS, v, 9. ¢
PARANIL GREFNS AND OLIVES, V, 6.
PARANIL REDS AND SCARLETS, V, 4.
PARANIL YELLOWS, ORANGES, BROWNS,
v, 5.
PARANITRANILINE CUTCH, XX, 6.
PARANITRANILINE RED, xv1, 9.
PARAPHENYLENE BLUE, 1V, 5.
PARAPHENYLENE VIOLET, 1V, 7.
PARATONER, XXX, 1.

PATENT BLUES, vi, 4; x1, 9; XXX,
10.

PATENT DIANIL BLACK, XXX, 5

PATENT PHOSPHINE, 1v, 2; vu, 1l;

xv, 9.
PEACHWOOD, IX, 6; X, 3.
PERMANENT ORANGE, XXX, 11.
PERMANENT REDS, vu, 6; xxx, 1,
xxx, 11.
PERSIAN BERRIES, xv, 1; xv, 17.
PHENOCYANINE, 1v, 4.
PHENOFLAVINE, V1, 6.
PHENOL BLACK, V1, 10
PHENYL BLUE BLACK, V1, 8.
PHENYLAMINE BLACK, v1, 10
PHENYLENE BROWN, 1v, 15
PHLOXINES, Vv1, 2; 1X, 13; xvi, 1;
XXX, 7.
PHOSPHINE, 1v, 2, vu, 1, xv, 9
PICRIC ACID, XXV.
PIGMENT BORDEAUX, XXX, 1.
PIGMENT CARMINE, XXX, 11.
PIGMENT CHLORINE, Vi1, 6 ; xxx, L.
PIGMENT CHROME YELLOW, viu, 6;
XXX, 1.
PIGMENT CLARET, V1i, 6.
PIGMENT FAST RED, XXX, 1.
PIGMENT FAST YELLOWS, XxxX, 11.
PIGMENT ORANGE, vil, 6 ; xxx, 1.
PIGMENT PURPLE, v, 6, xxx, L.
PIGMENT RED, v, 6 ; xxX, L.
PIGMENT RUBINE, XXX, 11.
PIGMENT SCARLETS, XXX, 11,
PIGMENT VIOLET, XXX, 1l.
PLUTO BLACKS, v, 9; xxi, 7.
PLUTO ORANGE, viu, 17,
PLUTO YELLOWS, ORANGES,
v, 5; xv, 12.
PLUTOFORM BLACKS, V, 9.
POLAR ORANGE, Vv, b.
POLAR RED, Vv, 5 ; 1x, 19,
POLAR YELLOW, v, 5, viu, 14,
POLYPHENOL BLUES, V, 7.

BROWNS,
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POLYPHENOL YELLOW, v, 3; viii, 14.

PONCEAUX, vi, § ; xxx, 11.

PRIMAZINE ORANGE, XXX, 6.

PRIMULINE, v, 3 ; viu, 12.

PRIMULINE DEVELOPED WITH PHENOLS,
ETC., xv, 11, 16; xv1, 13; xvin,
14 ; xix, 10; xx, 9.

PRUNE, iv, 6; x,12; xvi,7; xvui, 6;
xviu, 13,

PRUSSIAN BLUE, X1, 7 ; xviu, 2.

PRUSSIATE BLACK, XX1, 12.

PURPURINE, Vi1, 2; XX, 13.

PYRAMINE BROWNS, xv, 12.

PYRAMINE ORANGE, viu, 17 ; xv, 12.

PYRAMINE YELLOWS, xv, 12

PYRAZINE YELLOW, XXX, 11.

PYROGENE BLACKS, xx1, 11.

PYROGENE BLUE, Xvu, 11.

PYROGENE BROWNS, xX, 11.

PYROGENE COLOURS, v, 1 ; vu, 1.

PYROGENE GREEN, x1x, 11.

PYROGENE YELLOWS AND ORANGES,
xv, 156.

PYROL BLACKS, xx1, 11.

PYROL COLOURS, v, 1; vu, 1.

PYRONE COLOURS, X, 7.

PYRONINES, 1v, 9.

QUERCITRON BARK, viu, 11.

QUINALDINE YELLOW, V1, 1 ; viu, 6.

QUINOLINE YELLOW, V1, 1 ; vu, 4, vii,
6; xv,2; xxx,17.

RADIAL YELLOWS, XXX, 11.

RED VIOLET, X, J.

RENOL BLACKS, V, 9.

RENOL BLUES, v, 7.

RENOL BROWNS, V, 5.

RENOL GREENS AND OLIVES, v, 6.

RENOL YELLOWS AND ORANGES, Vv, 5

RESOFLAVINE, Vi1, 2

RESOBRCINE BROWN, vi1, 6 ; xu, 3.

RESORCINE GREEN, V1, 3.

REXOL BLACK, V, 1.

RHEONINE, 1v, 2; vui, 1; xv, 9.

RHODAMINE, 1v, 9; 1x, 1; xvi, 3;
XXX, 7; xxx, 12.

RHODINES, 1v, 9; xvi, 3.

RHODULINE BLUE, 1v, 53 1v, 11; xvm,
3.

RHODULINE HELIOTROPE, 1v, 7; X, I,

RHODULINE ORANGE, 1v, 2; vul, 4;
xxx, 12.

RHODULINE PINK, 1X, 1;
4.

xvy, 3; XV,

ANALYSIS OF DYESTUFFS,

RHODULINE RED, iv, 1; ix, 2; xvi, 4;
xxx, 13.

RHODULINE SKY BLUE, 1v, b.

RHODULINE VIOLET, 1v, 7; x, 1, xvi,
4; xxx,13.

RHODULINE YRBLLOW, 1v, 16; vui, 3;
xv, 6 ; xxx, 12.

ROSANOL, v, 4 r

ROSANTHRENE REDS AND SCARLETS,
v,4; v,8, xv1, 7; xvi, 9; xvu,
10.

ROSAZEINE, 1X, 1 ; xv1, 3.

ROSAZURINE, V, 4.

ROSE BENGAL, vi, 13; 1x, 13; xvi1, 1;
XXX, 7.

ROSINDULINE, Vi1, 2; 1X, 8.

ROSOLANE, 1v, 1; x,1

ROSOLE RED AND SCARLET, 1v, 13.

ROSOPHENINE, v, 4; xvi1, 7

RUSSIAN GREEN, Vi1, 3 ; XIX, 8.

SAFRANINE, 1v, 1; 1Xx, 2; xvi, 4, xxXx,
13

SALICINE BLACK, V1, 16.

SALICINE BROWN, x1i, 7.

SALICINE CHROME BLUE, V1, 15; x1, 23,

SALICINE CHROME BROWN, vi, 12

SALICINE INDIGO BLUE, V1, 15.

SALICINE ORANGE, v1, 12; v, 16.

SALICINE RED, 1X, 18.

SALICINE RED BROWN, Vi1, 12,

SALICINE YELLOW D, v, 15; v, 16.

SANDERSWOOD, XXV,

SAPANWOOD, 1X, 6, X, 3.

SATURN YELLOW, XXX, 11.

SETOCYANINE, 1v, 11 ; x1, 12; xvi, 5.

SETOGLAUCINE, 1v, 11; x1, 2; xu, 3;
x1x, 4 ; xxx, 14.

SETOPALINE, 1v, 11.

SILVER GREY, V1, 2

SIRIUS YELLOW, Vi1, 9 ; XXX, 3.

SITARA FAST RED, vll, 6, xxx, 1.

SOLAMINE BLUES, v, 7.

SOLAMINE RED, V, 4.

SOLID BLUE, V1, 2.

SOLID BROWN, X111, 3.

SOLID GREEN, X1, 3.

SOLUBLE BLUES, V1, 4; X, 6; xi, 10;
xvu, 1; xvin, 1; xxx, 10. ‘

SOLUBLE RED WOODS, 1X, 6 ; x, 3/

SORBINE RED, V1, § ; 1X, 10.

SPIRIT BLACK, Vi1, .

SPIRIT BLUE, vii, 5.

STEAM GREEN, XIX, 8.

STILBENE ORANGE, V, 3 ; xv, 12
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STILBENE YELLOWS, V, 3; v, 14;
xv, 12; xxx, 5.

SVDANS, v, 6.

SULPHO ROSAZEINE, Vi, 4; 1X, 7.
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Utilisation of Heat 1n a Gas Engine —Explosion and Combustion Part IT Petroleum
Engines —IDiscovery, Propertics, and Utilisation of O1l —Oil Testing, Carburetters, Early
Oil Engines —Working Methods —The Priestman Engine —Other British Oil Engines —
American Gas and Oil Engines —French and Swiss Oil Engines —German Oil Engines,—
Applications of Gas and Oil Engincs  Part III  Awr Engwnes —Appendices —INDEX

‘“ A very much up-to-date classic "—Dauly Telegraph

FourtH EpitioN. In Handsome Cloth. Pp. 1-x + 196. With 76
Illustrations, including 5 Folding Plates 8s 6d. net

AERO ENGINES.

With a General Introductory Aceount to the Theory of the Internal
ombustion Engine.

By G. A. BURLS, M.Inst C K., &c.

GENERAL CONTENTS —Weight; Cycles; Efficiency —Power and Efliciency —Aero
Engines, Necessity for Lightness, etc, etc—Horizontal Engines —Radial Engines —
Diagonal or ““ Vee " Engines —Vertical Engines —Rotary Engines —APPENDIX —INDEX

““This excellent and useful work . a most valuable theoretical basis fo1 practi-
cal tramng  As a work of 1eference 1t 1s at present unigue —Ader onautics

In Handsome Cloth. Pp. 1-x + 303 With Plate and
178 Illustrations. 12s. 6d. net.

Internal Combustion- Engines and Gas Producers.
By C W. ASKLING, M.E, anxp E. ROESLER, M.E.

‘“‘Internal combustion engineers will do well Lo add this volume to then hibrary of
text-books "—Gas and Ol Power

In Demy 8vo. Pp 1-xav + 237. With Illustrations. 8s. 6d. net.
EVOLUTION OF THE

INTERNAL COMBUSTION ENGINE.

By EDWARD BUTLER, M.I.MkcH.E.

GENERAL CONTENTS.—Introductory —Caloric Engines —Constant-pressure Engines —
Free-piston Engines —Non-compression Engines —Compression of Mixture —Four-stroke
Engines —Removal of Inert Gases —Two-stroke Engines —Compound Explosion Engines.
—The Thermo-dynamics of Int Comb. Enginc —Difficultics of the Turbine Princlple.—
Valves —Mixing and Governing and Carburetting —Ignition —Starting and Reversing.—
Evolution of the Internal Combustion Engine —Industrial Oil and Gas Engines,— e-
power Engines —High-speed Engines —Rot,ariland Revolving Cylinder Engines.—S3ingle-
sleeve or Liner Valves —Cooling and Lubricating.—INDBX.

‘“ The Author’s experience gives him excellent quahfications for the task he has under-
taken . . all who are interested in the practical working of combustion engin.&
Elu find this volume interesting and worthy of a place on their bookshelf."’-—Mechanical

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.



ENGINEERING AND MECHANICS. 9

By ANDREW JAMIESON, M.Inst.C.E., M.Inst.E.B.

SavexTaexTHE EpiTION, Revised. With over 800 Pages, over 400
Illustrations, and 12 Plates. 10s 6d.

-t A TEXT-BOOK ON

STEAM & STEAM ENGINES,

N INCLUDING TURBINES AND BOILERS.

Specially arranged for the use of Engineers qualifying for the Institution
of Civil Engineers, the Diplomas and Degrees of Techmcal Colleges
and Universities, Advanced Science Certificates of British and Colonial
Boards of Education, and Honours Certificates of the City and Guilds
of London Institute, in Mechanical Engineering, and for Engineers
generally.

GENERAL CONTENTS —Early Forms of Steam Engine —Temperature, Thermometry,
Pyrometry —Quantity of Heat, Thermal Units, Tables, Calorimeters, Specific Heats
of Gases and 8team —Diffusion, Radiation, etc , of 8team, Ebullition of Water.—Nature ot
Heat, Conversion of Work into Heat, First Law of Thermodynamics, The BT U —
Sensible and Latent Heats of Water and Steam, Temperature and Pressure of Steam —
Pressure and Vacuum Gauges —Evaporation and Condensation —Jet and Surface Con-
densers —Work.—Generation of 8team in a Closed Vessel —Boyle’s Law, Watt's Diagram
of Work —Charles’s Law —Absolute Zero —Adiabatic Expansion —Heat Engines,
Carnot's Principle —Entropy and Thermodynamics —Lap and Lead of a Valve, Admission,
Cut-off, etc.—Zeuner’s Valve Diagrams —Behaviour of Steam in a Cylinder —Loss between
Boller and Cylinder -—Steam Jacketing —Superheated Steam —Cushlonin?.——()om und-
ing —Watt’s, Crosby, and other Indicators, Indicator Diagrams —Nominal and Indicated
H.P, Brake H.P, Apparatus for finding H P — Cranks, Connecting-rods, and other
Moving Parts, Effect of Inertia of , Crank Effort Diagrams —S8tationary Engines —Corliss
Valve Gear —Lubrication —Willans’ Engine.—Marine Engines —Paddle Wheels —
The Screw Propeller, Pitch, Angle, Slip, Thrust, etc, etc —Triple-Expansion Engines
Quadruple-Expansion Engines —DETAILS OF ENGINE: Valves, Pistons, Crossheads
Bearings, etc, etc —Pumps —Condensers —STEAM TURBINES : Definition, Types, 8peed
of Rotor, Steam Consumption, Stresses, Balancing, etc, etc —Mathematical Explanation
of Heat Units, Work done, etc, etc, as expressed for Ideal S8team Engines, with Special
Reference to Turbines —Examples of T%pes of Turbines —BOILERS . Vertical, Horizontal,
Cornish, Lancashiro; Water Tube, Belleville, Yarrow, etc, etc »Forceé Draught —
Mechanical Stokers —Materials 1n Boiler Construction.—Joints, Stays, eto.—The Loco-
motive Engine, Injectors, Compounding, Efficiency, etc —APPENDICES —INDEX.

*,* Contains many Board of Education and City and Guilds Questions and Answers,
also all the Inst C E Exams ever set, in T'he Theory of Heat Engines, up to time of publi-
cation,

¢ The best book yet %)ublished for the use of students.””—Engineer.
“ We consider the volume a splendid text-book for all readers ""—Marine Engineer

NiNeTEeNTH EpIiTioN  Leather, Pocket Size, with 810 pages 8s. 6d.
A POCKET-BOOK OF
ELECTRICAL RULES AND TABLES

FOR THE USE OF ELECTRICIANS AND ENGINEERS.
By JOHN MUNRO, CE., & Pror. JAMIESON, M.Inst.C E., F R.S E.

GBNBRAL CONTENTS —Electrical Engineering Symbols.~—B. of T. 8tandards of Measure-
ment.—Units of Measurement.—Weights an Measures —Testing —Conductors —
Dielectrica —-Telegmphy.—'l‘elephonﬁa— dio or Wireless Telegraphy.— Electro-chemistry
and Motallurﬁ.——ndntgen Rays —Batteries,—Dynamos and Motors —Transformers.—
Lighting — ng Rules (Lighting and Tramways).—Miscellaneous —Magnetic Measure-
nfents —Logarithms,—INDEX.

‘ WONDERFULLY PRRFROP?, . . . Worthy of the highest commendation we can
glve it.”’—Electrncran.

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.
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10 OHARLES QRIFFIN & CO.’S PUBLIOATIONS.

Cy ANDREW JAMIESON, M.Inst.C.E., M.Inst.E.E.

INTRODUCTORY MANUALS.

FOURTEENTH EpitioN, Revised and Enlarged Pp i-xv ' %75. 3s. net.
AN ELEMENTARY MANUAL OF
HEAT ENGINES: STEAM, GAS AND OIL.

Specially arranged for First Year Students under all Boards of Education,
City and Gulds of London Institute, Colonial and other Engmeering
Students.

ABRIDGED CONTENTS —Elementary Mensuration —Weights and Measures —Ther-
mometry —Heat —Evaporation —Ebullition —Work —Pressure and Temperature of
S8team —Properties of Gases —The Parts of a Steam En%ine —Valves and their Setting.
—Indicators —Single and Compound Engines —Details of Engines —Valves and Fittings.
—Condensers —Crank Shaft, Bearings, etc, etc —Boilers and Boiler Mountings —Loco-
motives —Turbines —Gas Engines —Oil Engines —APPENDICES —INDEX

*“ This is the best elementary manual, and 18 indispensable ''—Steamskip

TexTH EpITION, Thoroughly Revised and Enlarged Pp 1-x1x 4 452, 3s 6d.
AN ELEMENTARY MANUAL OF

APPLIED MECHANICS.

Specially arranged to suit those preparing for the Institute of Civil Engineers,
Royal Institute of British Architects; City and Guilds of London
Institute, British and Colonial Boards of Education, and all kinds
of First-Year Engineering Students

ABRIDGED CONTENTS —I'orce —Matter —Scale and Vector Quantities —Work, Units
of Work —Moment of a Force, Couples, ete, etc —Practical Applications of the Lever,
Balance, etc, etc —TFhe Principle of Work, Work Lost, Useful Work —Pulleys, Blocks,
etc, etc —Wheel and Compound Axle —Graphic Demonstration of Three Forces in
Equilibrium —Cranes —Inclined Planes —Friction —Bearings —Driving Belts —Winch
or Crab —Jib Cranes —Screws, Spiral, Helix, etc —Whitworth Standard.—Backlash 1n
‘Wheel and Screw Gearings —Endless Screw and Worm Wheel, etc —Screw-Cutting Lathe
—Hydraulics —Hydraulic Machines —Motion and Velocity —Energy —Propertics of
Materials —Stresses 1n Chains, Shafts, ete , etc —Universal Joints, Sun and Planet Wheels
—Reversing Motions —Measuring Tools —ILimit Gauges —APPENDIOES —INDEX,

o ‘“No better book on the subject has hitherto been published "’—Ralway Offwial
azette

Eicura EpitioN, Thoroughly Revised and Enlarged. Pp 1-xv 4 398 3s G6d
A PRACTICAL ELEMENTARY MANUAL OF
MAGNETISM AND ELECTRICITY.

Specially arranged for the use of Science Teachers and Students in Great
Britain and the Colonies, and for other Electrical Students

ABRIDGED CONTENTS —Magnets, Natural, Permanent —Methods of making Magncts
—Lanes of Force.—Molecular Theory of Magnetisation —Magnetic Induction —The Karth
as a Magnet —Mariners’ Compass —Units of Measurement —Electrical Units —Electro-
Magnetism ~—Magnetic Field due to a Current —Solenoid —Galvanometers.—Polarity
due to Current —Magnetisation by Electric Current —Electro-dynamics —Electro-
magnetic Induction —Ohm’s Law —Primary Batteries —Conductors and Resistance —
Polarisation of a Cell —Electrolysis —Static Electricity —Positive and Negative Electri-
fleation —Conductors and Insulators —Induction harges on a Surface —Frictionus
Machines —Potential —Condensers.—Leyden Jar —Gold Leat Electroscope.—Volt-
meters —APPENDIOES —INDEX :

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.




ENGINEERING AND MECHANICS. 11
By ANDREW JAMIESON, M.Inst.C.E., M.Inst.E.E.

In Five Volumes Large Crown 8vo. Each quite complete in itself,
and sold separately.

A TEXT-BOOK OF

APPLIED MECHANICS
AND MECHANICAL ENGINEERING.

Speocially arranged for the use of Engineers quahfying for the Institute
® of Civil Engineers, the Diplomas and Degrees of Technical Colleges
and Univeraities, Advanced Science Certificates of British and Colonial
Boards of Education, and Honours Certificates of the City and Guilds

of London Institute, in Mechanical Engineering, and for Engineers
generally

Vorume I NiIntH EpITiON, Revised and Enlarged Pp 1-xvin 4 400 6s.
APPLIED MECHANICS.

CONTENTS —Defimitions of Matter and Work —Diagrams of Work —Moments and
Couples —Principle of Work apphied to Machines —Iriction of Plane Surfaces —Friction
of Cylindrical Surfaces and Ships —Work absorbed by Friction in Bearings, etc —Friction
usefully applied by Clutches, Brakes, and Dynamometers —Inclined Plane and Screws
—Veloclity and Acceleration —Motion and Energy —Energy of Rotation and Centrifugal
Force —APPENDICES —INDEX

*“ Indispensable to all students of engineering *’—Steamship

VoLume II Ericuth Epitiow, Revised and Enlarged. Pp. 1-xvii-4+314 58

STRENGTH OF MATERIALS.

CONTENTS —S8tress and Strain, and Bodies under Tension —Strength of Beams and
Ghirders —Deflection pof Beams and Girders —Strength of Shafts —Strength and Elasticit;
of Materials —Testing —Stress-Strain Diagrams and Elasticity of Materials —Strengtg
and Elasticity of Columns.—APPENDICES —INDEX

“The author 1s to be congratulated upon the carc he bestows in keeping his works
systematically up to date "— Practical Engineer

VorLume III. Eigara Ebpition, Thoroughly Revised. Cloth
Pp. 1-xvin 4 260 bs.

THEORY OF STRUCTURES.

CONTENTS.—TFramed Structures —Roof Frames.-——Deflcient Frames.—Cranes —Bcams
and Girders —APPENDIOES.—INDEX.
‘“ We heartily recommend this book ""—Steamship.

VoruMme IV, Eigate Ebpition, Revised Pp,1-xvi 4+ 324  5s.

HYDRAULICS.

CONTENTS —Hydrostatics —Hydraulic Machi‘[’xes —Efficiency of Machines — Hydraulic
Appliances in Gas Works —Hydrokinetics —Water Wheels and Turbines —Refrigerating
Machinery and Pneumatic Tools,—APPENDIOES —INDEX

VoLume V. Eiecatn EpitioN, Revised. Pp.1-xx - 526. 7s. 6d

THEORY OF MACHINES.

CONTENTS —Loci and Point Paths.—Kinematic Pairs, Links, Chains, etc.—Cranks
and Parallel Motlong —Chains and Peaucellier Mechanisms, etc —Kinematics, Centres
and Relative Velocities.—Miscellaneous Mechanisms —Reversing and Return Motions,
ste.—Efficiency of Machines.—Wheel Gearing and Electric Driving.—Friction and Wedge
Rearing, with Powecr Transmitted —Teeth of Wheols —Cycloidal Teeth -—Involute
Feeth, Bevel and Mortice Wheels, otc.—Friction and 8trength of Teeth 1n Gearing.—Belt
Rope and Chain Gearing.—H.P Transmitted by Belt and Rope Gearing.—Inertia Forces
Et.Movmg Parts and Crank Effort Diagrams of Reciprocating Engines — APPENDIOES.—
NDEX

“ 8o well known that we need only commend it to new readers as one of the most
ucid and instructive text-books extant.”’— Electrical Review.
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WORKS ON ELECTRICAL ENGINEERING,
TELEGRAPHY, ETC.

CENTRAL ELECTRICAL STATIONS : Their Design, Organisation, and
Management, By CHarLes H. Worpingaam, AK C, M Inst C.E,,
M I.Mech.E. Srconp Eprtiow, Revised. In large 8vo Cloth. Pro-
fusely INustrated 24s net.

ELECTRICITY METERS. By Hexry G. SoroMoN, AMInst EE. In
large Crown 8vo Handsome Cloth. With 334 pages and 307 Illus-
trations 16s net.

TRANSFORMERS. By Prof Hermaxy Boure, MIEE, and Prof D.
RoBERTSON, B Sc, of Bristol. In large 8vo Profusely Illustrated,
21e net

ELECTRICAL PHOTOMETRY AND ILLUMINATION. By Prof HrrmaNn
Boarg, MIEE In Large 8vo Cloth  Fully Illustrated

10s 6d net

ELECTRIC CRANE CONSTRUCTION. By Cravpe W Hirr, AMInst CE,
M.IEE. In Medium 8vo Fully Tllustrated 25s net

TELEGRAPH SYSTEMS AND OTHER NOTES. By ArtHUur CrOTCH, of
the Engineer-in-Chiefs’ Department, G PO In Large Crown 8vo
Cloth. Ilustrated 68 net.

WIRELESS TELEGRAPHY. By Gustav EicurorN, Ph D In Large 8vo.
Profusely Illustrated. 8s 6d net.

ELECTRICITY IN MINING. By SiemENS BROTHERS Dy~NaMmo Works, Ltd
In Crown Quarto Cloth 10s 6d net

ELECTRICAL PRACTICE IN COLLIERIES. By D Burnxs, M E, M Inst.
M E Crown 8vo. FourrH EpITION, Revised Cloth With Numerous

Illustrations 7s. 6d. net.

TREATISE ON ELECTRO-METALLURGY. By W. G McMmran, FIC,
and W R Coorer, M A, B Sc¢ THirp EpiTioN, Revised and Enlarged.

12s 6d net.

ELECTRICAL THEORY AND THE PROBLEM OF THE UNIVERSE. By
G W. de TunzELMANN, B Se In Large 8vo. Cloth. 15s. net.

MAGNETISM AND ELECTRICITY (An Elementary Manual of). By Prof.
A. JamigsoN, M Inst CE, MIE E. Ereata Eprtion. 3s. 6d

ELECTRICAL RULES AND TABLES (A Pocket-book of). By JorN Muxro,
CE, and Prof. JamresoN,M Inst CE,MIE E NixereexTE EpITION.

8s. 6d.
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GRIFFIN’S NAUTICAL SERIES.

*.* For further information regarding these Volumes consult Index

A MANUAL OF ELEMENTARY SEAMANSHIP, By D. WiLsON-BARKER,
Six1a EpitioN, Revised and Enlarged. Profusely Illustrated. Price
6s.

NAVIGATION, PRACTICAL AND THEORETICAL. By D. Wisox-
' Barker and WiLLiam ArniNaeam. Tuirp Ebprrion, Revised Fully
Illustrated. Price 3s 6d.

MARINE METEOROLOGY, for Officers of the Merchant Navy. By WiLL1aM
AvvinoHanm  Very fully Illustrated Price 7s 6d

PRACTICAL MECHANICS, Applied to the Requirements of the Sailor.,
By Tuos. MacgeNziE Tairp Epition, Revised Price 3s 6d

A MANUAL OF TRIGONOMETRY. By Ricuarp C Buck Fourrts
EpiTioN, Revised and Corrected Fully Illustrated Price 3s 6d

A MANUAL OF ALGEBRA. By Ricuarp C. Bucg. Szcoxp Ebpirion.
Price 3s 6d.

LATITUDE AND LONGITUDE : How to Find them. By W J MiLuaR,
CE Tuirp Epition Price 23

LEGAL DUTIES OF SHIPMASTERS. By Benepicr W GixsBure THIRD
Epirion, Very Thoroughly Revised Price 5s

A MEDICAL AND SURGICAL HELP. For Shipmasters and Officers in the
Royal Navy. By W JornsoN SmitH FourtH EpIiTioN. Retised
by ArNoLD CHAPLIN (of the P.& O S N Coy) Price 8s. net

KNOW YOUR OWN SHIP. By Tros WarroN., THirTEENTH EDITiON.
Revised by Jou~ Kina  Piofusely Illustrated.

OTHER WORKS OF INTEREST TO SAILORS.

NOTES ON THE PRACTICAL DUTIES OF SHIPMASTERS. By Capt
W. Harry WIiLKES Price 2s. 6d net

DEFINITIONS IN NAVIGATION AND NAUTICAL ASTRONOMY. By
P. Groves SHOWELL Price 2s. 6d. net.

ENGLISH-SPANISH AND SPANISH-ENGLISH SEA TERMS AND PHRASES.
By Fleet-Paymaster GRanaM-HEWLETT. Pocket Size Price 3s 6d net.

HYDROGRAPHIC SURVEYING. By Commander S. Messum  With
Coloured Plates and Numerous other Illustrations Price 128 net

NATURE NOTES FOR OCEAN VOYAGERS. By Captain A, CARPENTER
and Captain D. WiLsON-BARKER. Price 5s. net.

TdAdE PREVENTION AND TREATMENT OF DISEASE IN THE TROPICS.
By E. 8. CrisPIN, MR OS In Cloth. Price 1s. net
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MINING AND GEOLOGICAL WORKS.

Ore and Stone Mining. Foster anp Cox, . . . Net 28s 0d.

Elements of Mining and Quarrying. Foster anp Cox, Net 7s. 6d.
Methods of Air Analysls. J.S HALDANE, . . . Net 5s. 0d.
The Air of Mines. CabMAN AND HALDANE, . . . Al Press
Text-Book of Coal-Mining. H. W HucHEs, . . . Net 24s. 0Q.
Practical Coal-Mining. G. L. KERRr, . . . . Net 128 6d.
Elementary Coal-Mining. G L. Kerr, . . . . . 3s 6d.
Treatise on Mine Surveying. B H BrouaHh, . . . Net 6s 0d,
Effects of Errors in Surveying. H. Briaas, . . . Net 63 0d.
Theodolite Surveying and Levelling. J Park, . . Net 10s 6d
Practical Surveying and Field Work. V. (¢ Sarmox . At Press.
Mining Geology. Prof Jas Park, . . . . . Net 6s 0d.
Text-Book of Geology. Prof. Jas PaRrk, . . . Net 158 0d
Modern Mine Valuation. M. H BurnmaAM, . . . Net 10s 6d.
Mining Law of British Empire. C ALFORD, . Net 8s 6d.
Mine Accounts and Book-Keeping. J G Lawn, . . . 10s 6d.
Mining Engineers’ Report Book. E R FirLp, . 3s 6d
Spanish-English and English-Spanish Mining Terms. E HALSE, Net 10s 6d.
Prospecting for Minerals. Prof S H Cox, . . . . 68 0d.
Mineralogy of Rarer Metals. CAHEN AND WOOTTON, . Net 6s 0d.
Shatt-Sinking in Difficult Cases. J RiEMER, Net 10s 6d.
Blasting : and Use of Explosives. O GuUTTMANN, . . . 10s 6d.
Testing Explosives (New Methods). C E Bicuer, . . Net 6s 0d.
Practical Hydraulies for Mining Students. Prof J. Park At Press,
Electrical Practice in Collieries. Prof Burxs, . . Net 78 6d.
Electricity in Mining. Siemexs Bros, . . . Net 10s 6d
Cyaniding Gold and Silver Ores. JULIAN AND bMAnT, . Net 21s 0d.
Cyanide Process of Gold Extraction. Prof.J Park, . Neot 83 6d.
Getting Gold. J C F Jounsow, . . . . . 3s 6d
Gold Seeking in South Africa. THEo KassSNER, . 48 6d.

Bibliography of Mineral Wealth and Geology of China. C. WANG, N et 3s. 0d.
Sampling and Assaying of Precious Metals. E A Smirs, Net 168 0d.

Stratigraphical Geology and Paleontology. ETHERIDGE, . . 348 0d.
A Text~-Book of Geology. Prof. J. Park, . . . Net 158 0d.
Geology for Engineers. Lieut -Col. Sorssig, . . . Net 10s 6d.
Alds In Practical Geology. Prof. G CoLE, . . . . 10s, 6d.

Open Air Geology. Prof G. CoLg, . . . . . 8 6.,
The Earth : Its Genesis and Evolution. A SwaINE, . Net 7s 6d.
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WORKS BY
SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S.

SixTH EpITION. Pp. 1-xxx+799. With Frontispiece and 712 Illustrations.
Py Price 28s. net.

ORE & STONE MINING.

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S,

LATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE
REVISED, AND BROUGHT UP-TO-DATE

By Pror. S. H. COX, Assoc.R.S.M.

GENERAL CONTENTS.

INTRODUCTION. Mode of Oceurrence of Minerals.—Prospecting.—Boring.
—Breaking Ground.——Supwrting Exeavations.—Exploitation.—Haulage or
Transport.—Hoisting or inding. — Drainage.— Ventilation, — Lighting.—
Descent and Ascent.—Dressing—Prineiples of Employment of Mining Labour.
— flslatlon affecting Mines and Quarries. — Condition of the Miner.—
Aceidents,—Index

‘“We have seldom had the pleasure to review a work so thorough and complete as
the present one Both in manner and 1n matter 1t 18 FAR SUPERIOR TO ANYTHING ON
ITS S8PECIAL SUBJECT HITHERTO PUBLISHED IN ENGLAND "—Athencum

‘“ Not only 18 this work the acknowledged text-book on metal mining in Great Britain
and the Colonies, but that it 18 s0 1egarded 1n the United States of America 13 evidenced
by the fact that 1t 1s the book on that subject recommended to the students in most of
the mining schools of that country "—The Thimes

Srcoxp Epition, Revised In Crown 8vo. Pp 1-xvin+323. Handsome
Cloth, With nearly 300 Illustrations. Price 7s 6d. net,

THE ELEMENTS OF MINING AND QUARRYINC.

An Introductory Text-Book for Mining Students
By Sir C. LE NEVE FOSTER, D.Sc, F.R.S,

Late Professor of Mining at the Royal College of Science
Revised by Prof. S H. Cox, A.R.S.M, &c.

GENERAL CONTENTS — INTRODUOTION — QOccurrence of Minerals — Pro-
specting.—Bormmg —Breaking Ground.—Sz‘x;gportmg Excavations.—Exploita.
tion —Haulage or Transport —Howsting or Winding.—Drainage —Ventilation.
—Iaghting —Descent and Ascent —Dressing, &c.—INDEX

‘“ A remarkably clear survey of the whole field of mining operations ”"— Engineer

‘‘Rarely does 1t fall to the lot of a reviewer to have to accord such unqualifled praise as
this book deserves The profession generally have every reason to be grateful to
8ir C Le Neve Foster for having enriched educational literatuie with so admirable an
elementary Text-book ”—Mwming Journal.

In Crown 8vo Handsome Cloth Pp 1-xn+300 8s 6d. net

MINING LAW OF THE BRITISH EMPIRE.
By CHARLES J. ALFORD, F.G.S., M.Inst.M.M.

CoNTENTS,—The Principles of Mining Law.—The Mining Law of Great
Bnitain —British India —Ceylon —Burma —The Malay Peninsula —British
North Borneo ——Egypt.— Cy})rus. —The Dominion of Canada. — British
Guiana.—The Gold Coast Colony and Ashanti —Cape of Good Hope.—
Natal. — Orange River Colony.— Transvaal Colony. — Rhodesia. — The
Commonwealth of Austrahia.—New Zealand, &c —INDEX.

*“ Cannot fail to be useful we cordially recommend the book.”—~Mining World
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WORKS ON COAL-MINING.

Frrera EpitioN, Revised and Greatly Enlarged. Pp. 1-vi1+ 563,
With 4 Plates and 690 Illustrations. Price 24s. net.

A TEXT-BOOK OF COAL-MINING:

FOR THE USE OF COLLIERY MANAGERS AND OTHERS
ENGAGED IN COAL-MINING,

By HERBERT WILLIAM HUGHES, F.GS,

Assoc Royal S8chool of Mines, General Manager of Sandwell Park Colliery

* GENERAL CONTENTS.— Geology —Search for Coal.—Breaking Ground.—
Sinking. —Preliminary Operations. —Methods of Working. — Haulage.—
Winding. —Pumping —Ventilation.—Lighting —Works at Surface. — Pre-
paration of Coal for Market —INDEX

**Quite THB BRST BOOK of its kind a8 PRACTICAL In alm as a book can be . The
fllustrations are RXCRLLENT "— Athencum.

**'We cordially recommend the work "—Colliery Guardian

** Will soon come to be regarded as the STANDARD WORK of 1t8 kind "— Bu msngham Datly Gaselte

Firrn EpitioN, Thoroughly Revised and Greatly Enlarged. Re-set
thronghout. Large Crown 8vo Handsome Cloth. Pp. i-xi+778.
‘With 755 Illustrations 12s 6d. net.

PRACTICAL COAL~-MINING:

A MANUAL FOR MANAGERS, UNDER-MANAGERS,
COLLIERY ENGINEERS, AND OTHERS.

With Worked-out Problems on Haulage, Pumping, Ventilation, &c.
By GEORGE L. KERR, M.E, M.Ixst.M.E.

CONTENTS —Sources and Nature of Coal —Search for Coal —Sinking —Explosives —
Mechanical Wedges, Rock Drills, and Coal Cutting Machines —Coal Cutting by Machinery.
—Transmission of Power —Modes of Working —Timbering Roadways —Winding Coal —
Haulage — Pumping — Ventilation — Safety Tamps — Rescue Apparatus — Surface
Arrangements, Coal Cleaning, etc —Surveying, Levelling, and Plans.—INDBX

*“ This 18 one of the best known treatises on the technical aspect of the Coal-Mining
Industry the book 18 an admirable one, and may be placed with confidence 1n
the hands of all students of coal-mining "’—Wwing Journal

THIRD EpITION, Revised. In Crown 8vo. Handsome Cloth.
Pp 1-vi1 4225, 3s. 6d.

ELEMENTARY COAL-MINING:

FOR THE USE OF STUDENTS, MINERS, AND OTHERS
PREPARING FOR EXAMINATIONS

By GEORGE L. KERR, M.E.,, M.InsT.M.E.

CoNTENTS.—Sources and Nature of Coal.—Exploration and Boring for
COoal.—Breaking Ground —Explosives, Blasting, &c.—Sinking and Fittmﬁ
of Shafts.—Modes of Worklng.—-’flmberiug Roadways.—Winding an
Drawing —Haulage.—Pumé)mg and Drainage —Ventilation.—Cleaning and
Sorting Coal.—Surveying, &c.

* An abundance of information conveyed in a popular and attractive ngrsan‘ . o« WL be
{J

of great use to all who are in any way interested in coal mining "—Scottish

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.




SURVRYING AND MINE VALUATION 17

THIRTEENTH EDITION, Revised, Pp. 1-xvi + 372, With
Numerous Diagrams. Cloth. 6s. net, )

A TREATISE ON MINE-SURVEYING:

For the use of Managers of Mines and Collieries, Students
at the Royal School! of Mines, do.

By BEXNETT H. BROUGH, Assoc RSM., F.G.S.

CONTENTS —QGeneral Explanations.—Measurement of Distances.—Miner's Dial.—
Variation of the Magnetic Needle —Surveying with the Magnetic Needle in the Presence
of Iron —Surveying with the Fixed Needle —The German Dial —The Theodolite.—
Traversing Underground —Surface-Surveys with the Theodolite.—Plotting the Survey.
-&.Calculation of Areas —Levelling —Connection of the Underground and Surface-Surveys.
—Measuring Distances by Telcscope —Setting-out.—Mine-Surveying Problems.—Mine
Plans —Applications of the Magnctic Needle in Mining —Photographio Surveying.—
Bibliography —INDEX.

*Its CLEARNBSS of STYLE, LUCIDI1Y ot DESCRIPTION, and FULNESS of DETAIL have long ago won
for it a place unique in the hterature of this branch of mining engineering, and the present edition fully
maintains the high standard of itspredecessors To the student, and to the mming engineer ahike, ITS
VALUR is inestimable  The 1llustrations are excellent —Zke¢ Miring Fournal

In Handsome Cloth, Pp. 1-x1 + 179. Fully Illustrated. 5s. net.

THE EFFECTS OF
ERRORS IN SURVYEYING.

By HENRY BRIGGS, M.Sc.

CONTENTS —Introduction —Analysis of Error —The Best Shape of Triangles.—
Propagation of Error in Traversing —Application of the Methods of determining Average
Error to certain Problems in Traversing —Propagation of Lrror in Minor Triangulation.—
Summary of Results —APPENDIX ——INDEX

‘““Likely to be of the highest service to surveyois . 1t 18 a most able
treatise "—kEnginee)

Trirp EpITioN, Thoroughly Revised and greatly Enlarged In Crown
8vo. Pp.1-xm+430. Handsome Cloth. Fully [llustrated. 10s. 6d. net,

A HANDBOOK ON

THEODOLITE SURVEYING AND LEVELLING.

For the use of Students in Land and Mine Surveying.

By Proressor JAMES PARK, F.GS.

CONTENTS —Scope and Object of Surveying —Theodolite —Chains and Steel Bands —
Obstacles to Alignment.—Meridian and Bearinggs —Theodolite Traverse —Co-ordinates
of a 8tation —Calculation of Omitted or Connecting Line 1n a Traverse.—Calculation of
Areas —Subdivision of Land —Tnangulation —Determination of True Mcridian, Lati-
tude, and Time —Levelling —Railway Curves —Mine Surveying —INDEX

‘‘A book which should prove as useful to the professional surveyor as to the
student "—Nature

In Handsome Cloth. With Diagrams,

PRACTICAL SURVEYING AND FIELD-WORK.
Including the Mechanical Forims of Office-Calculations.
By VICTOR G SALMON, M.A.

For Contents see page 31

In Medium 8vo. Fully Illustrated. Pp. 1-x1 + 160. 10s. 6d. net.

MODERN MINE VALUATION:
By M. HOWARD BURNHAM, B.Sc., M\ A.IM.E,
Late H M. Inspector of Mines for the Transvaal
® CONTENTS —Preliminary Considerations —Block Calculations —Bases of Sound Valua-
tion.—8ampling —Explanation of Sinking Fund Tahle (XXII) —APPENDIX —INDEX.
** One of the best volumes of its kind that we have seen ""—Mumng World.

LONDON : CHARLES GRIFFIN & €0., LTD., EXETER STREET, STRAND.
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Grifin's Fetallurgieal Series.

Standard Works of Reference for Metallurr~ists, Mine-
Owners, Assayers, Manufacturers, and all interested
in the development of the Metallurgical Industries.

EDITED BY

SIR W. ROBERTS-AUSTEN, K.CB, D.C.L, F.R.S.

In Large 8vo, Handsome Cloth  With Illustrations

Ior further particulars refer to Index

INTRUODUCTION to the STUDY of METALLURGY. By Sir Wu. ROBERTS-
AvustEN, K C B, &c. 18s. net.

GOLD (The Metallurgy of). Sir T. K ROSE 22s. 6d. net.

LEAD (The Metallurgy of). H. F. COLLINS 21s. net.

SILVER (The Metallurgy of). H F. CoLLINS. At Press.

IRON (The Metallurgy of). I. TURNER 16s net

STEEL (The Metallurgy of). 1 W. IIARBORD and J. W. HALL.

THE NON-FERROUS METALS. W. GowLaND. 185 net

ALLOYS. Epwarp F. Law. SECOND EDITION. 12s.6d. net.

ANTIMONY. C.Y.WANG. 12s. 6d net.

SAMPLING and ASSAYING of PRECIOUS METALS., LE.A SMITH. 155 net.

OTHER METALLURGICAL WORKS.

MODERN COPPER SMELTING. D M.LEvVy 105 6d net

CAST IRON, in the Light of Recent Research, W HNATFIELD 10s 6d net.
METALLIC ALLOYS. G H GULIIVER. 105 6d net,

MICROSCOPIC ANALYSIS of METALS. OsmonNDp and STEAD 8s 6d net.
TEXT-BOOK of ASSAYING. J. J and C BERINGER. 105 6d
PRACTICAL ASSAYING. Prof. J PARkK %s 6d net

METALLURGICAL ANALYSIS and ASSAYING. MacLeEoD and WALKER.

12s. 6d net

QUANTITATIVE METALLURGICAL ANALYSIS TABLES. J. J. MoRGAN.

48

ELECTRIC SMELTING. BORCHERS and MCMILLAN 21$ net.
ELECTRO-METALLURGY. McMiLLAN and COOPER 125. 6d net.
INTRODUCTION to PRACTICAL METALLURGY. T TuURNER. 35 net
ELEMENTARY METALLURGY. A. H.SEXTON. O6s

GENERAL FOUNDRY PRACTICE. McwirLtiaM and LONGMUIR. 155 net.
LECTURES on IRONFOUNDING. T. TurNER. 38.6d net

BLAST FURNACE PRACTICE. J. J. MORGAN. 1s.6d net

NOTES on FOUNDRY PRACTICE. J J. MORGAN 2s. 6d. net

ROBERTS-AUSTEN : Addresses and Scientific Papers, S. W. SMitH.
218, net,

Also Works on Petroleum

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.



ORE TREATMENT, ETC. 19

SeconDp KpitIoN, Revised Throughout. In Medium 8vo. With Numerous
Plates, Maps, and Illustrations. Pp. 1-xxiv + 460. 2ls. net.

GYANIDING GOLD & SILVER ORES.

A Practical Treatise on the Cyanide Process; its Application,
Mavhods of Working, Design and Construction of
Plant, and Costs.

By H-. FORBES JULIAN,

Mining and Metallurgical Engineer, Specialist in Gold , Late Technical Adviser of the
Deutsche Gold und Silber S8cheide Anstalt, Frankfort-on-Maine

Axp EDGAR SMART, AAM.I.C.E,

Civil and Metallurgical Engineer

CONTENTS —Early History of the Cyanide Process —Proliminary Investigations —
Crushing —Weighing and Measuring —Percolation and Leaching —Principles involved
in Dissolution and Precipitation of Metals —Dissolution of the Gold and Silver —Tem-
perature Effects —Absorption of Air by Solutions —Action of Various Cyanide Solutions
—8ources of Loss of Cyanide —Precipitation —Precipitation by Zinc —Electrical Pre-
cipitation —Other Mcthods of Precipitation —Cleaning-up, Refining, and Smelting —
Applications of the Cyanide Process —Double Treatment —Direct Treatment of Dry
Crushed Ore —Crushing with Cyanide Solution —Slimes —Dissolving the Gold and Silver
in 8limes —Iixtraction by Successive Washings —Agitation and Natural Settlement —
Filter Presses —Vats —Essential Parts of a Cyanide Plant (Construction).—Piping,
Cocks, Launders, and Bulldmgﬂ —Handling Material —Ropes and Gears for Haulage.
—Belt Conveyors —Pumps —Spitzlutte and Spitzkasten —Cost of Plant -—Cost of
Treatment —Complete Plants —Roasting —INDEX,

“* A handsome volume of 400 pages which will be a valuable book of reference for alk
associated with the process "—Munng Journal

In Handsome Cloth. With Portrait and Several Plates
Pp 1-an + 310 6s net

MEMORIALS OF HENRY FORBES JULIAN

(who perished in the ‘‘Titanic’ Disaster).
By HESTER JULTAN,

‘“ A farthful record of the life of a rightecous man, whose memory will remain fragrant ™
—Muwang World

Firrin ExgrisH EpitioN In Large Crown 8vo  With 22 Plates and
many Illustiations in the Text. Handsome Cloth. Pp 1-xav + 347.
8s 6d. net

THE CYANIDE PROCESS OF GOLD EXTRACTION.

A Text-Book for the Uss of Metallurgists and Students at
Schools of Mines, &e.

By JAMES PARK, F.G.8, M.Inst.M.M,,
Protessor of Mining and Director of the Otago University School of Mines, late Director
Thames School of Mines, and Geological Surveyor and Mining Geologlat.
to the Government of New Zealand

Thoroughly Revised and Greatly Enlarged. With additional details
concerning the Siemens-Halske and other recent processes.

CoNTBNTS.—The McArthur-Forrest Process —Chemistry of the Process —Laboratory
Experiments —Control, Testing, and Analysis of Solutions —A]ta liances and Plant for
anide Extraction —Actual Extraction by Cyanide —Production and Treatment ot
8limes,—Cyanide Treatment of Concentrates —Leaching by Agitation—Zinc Precipi-
tation and Treatment of Gold Shimes —Application of the Process in Different Countries —
The S%emens-Halske Process.—Other Cyanide Processes,—Antidotes for Cyanide Poison:
ing.—INDEX.
‘‘Deserves to beranked as amongst the BEST OF EXISTING TREATISES "'— Mining Journal

LONDON : CHARILES GRIFFIN & CO., I'TD., EXETER STREET, STRAND.
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GRIFFIN’S METALLURGICAL SERIES.

Firra EpirioN, Thoroughly Revised Throughout. With 51 Folding
Plates, Comprising 112 Figures, over 500 Illustrations in the Text,
and nearly 80 Photo-Micrographs of Steel Sections. Large 8vo,
Two Volumes. In all 1000 pages. Handsome Cloth,

With Additional Chapter on The Electric Smelting of Steel.

THE METALLURGY OF STEEL

By F. W. HARBORD, Assoc.R.S.M., FI.C,,
ANp J. W. HALL, A M.INsT.C.E
Vol. I.—-Metallurgy. Vol. II —Mechanieal Treatment.
(N B.—These Volumes are not Sold Separately.)

ABRIDGED CONTFNTS —The Plant, Machinery, Methods and Chemistiy of the Bessemer
and of the Open Hearth Processes (Acid and Basic) —The influence of Metalloids, Heat
Treatment, Special Steels, Microstiucture, Testing, and Specifications —The Mechanical
Treatment of Steel compiising Mill Practice, Plant and Machinery,

The Engineersays, at the conclusion of a review of this book —* We cannof_conclude without
urneltlg recommending all who may be interested a8 makers or users of steel, which practically

means the whole of the engineering profession, to make themselves acquainted with it as speedily
as possible "

FourtH EbpitioN, Revised and Enlarged. Pp 1-xv + 486. With
130 Illustrations. 16s. net.

THE METALLURGY OF IRON.

By THOMAS TURNER, M.Sc., Assoc.R.S M., F.1C,

Professor of Metallurgy wn the Unwersity of Burmingham.

Gensral Contents —Early History of Iron —Modern History of Iron —The Age of Steel,
—Ohief Iron Ores —Preparation of Iron Ores —The Blast Furnace —The Air used in the
Blast Furnace — Reactions of the Blast Furnace — The Gaseous Products of the Blast
Furnace —The Fuel used 1n the Blast Furnace —8lags and Fuxes of lron Smelting —
Properties of Oast lron — Foundry Practice — Wrought Iron — Indirect Production ef
Wrought Iron —The Puddling Process —Further Treatment of Wrought Iron,—Corrosion
of Iron and Steel,

“ A THOROUGHLY UBE¥FUL BOOK, which bnngs the subject v To DpDATE, OF
GREAT VALUE to those engaged in the iron industry "— Muning Journal.

*+* For Professor Turner's ‘* Lectures on Iron-Founding,” &c., see page 67
General Catalogue

In Medium 8vo. Handsome Cloth. Pp 1-xv + 460. With 166
Illustrations. 15s. net

The Sampling & Assay of the Precious Metals:

Gomprising Qold, Silver and Platinum, in Ores, Bullion and Products.

By ERNEST A SMITH, ARSM, MIxs1 MM,
Deputy Assay Master of the Shefleld Assay Office, Late of the Royal School of Mines

CONTENTS —Introduction —Design and Equipment of Assay Offices —Furnaces and
Apphances —Piecious Metal Ores — Valuation of O1es —Sampling of Ores —Preparation
of Bamples for Assay —Fluxes and Piinciples of Fluxing —Assay Operations—(a) Roast-
mg , (b) Fusion, (¢) Scorification , (d) Cupellation —Systems of Working —Assay of Gold
and S8ilver Ores —Of Complex Ores —Calculating and Reporting Results —Special
Methods of Ore Assay.—Bullion —Valuation of Bullion —Sampling of Bullion —Assay
of Gold, Silver, and Base Bullion —Of Auriferous and Aigentiferous Products —Assay
Work in Cyamide Mill —Platinum and the ‘‘Platinum Metals "—Asgay of Platinum
mn Ores, Bullion and Products —APPENDICES —INDEX

“ May safely be placed in the hands of students, and will be of the greatest value to
assayers as a book of reference "'—Nature

*“ Unique . , . the book should be added to the Mining Engineer’s Library.”—
Mining World.

LONDON : CHARLES GRIFFIN & €O., LTD., EXETER STREET, STRAND.




METALLURGIOCAL WORKS. 2t

In Medium 8vo. Handsome Cloth. Pp i-xii+259 With 19 Plates (2 Coloured),
and 60 other Illustrations 10s 6d net ’

LECTURES ON

MODERN COPPER SMELTING

By DONALD M. LEVY, MSec. A R S.M,,
« s Nistant Lecturer in Metallurgy, University of Birmingham.

ABRIDGED CONTENTS —Historical.—Price and Cost of Production and Statistics —
Uses of Co'lpper as Metal and Alloy —Effect of Impurities —Compounds.—Ores —Pre-
liminary Treatment —Sampling —Concentration —Principles of Copper Smelting.—
Bintering.—Reverberatory Smelting Practice,—Blast Furnace Practice —Bessemerising
» of Copper Mattes —Purification and Refining of Crude Copper —Casting —IND®X.

‘“ A welcome addition to existing literature on the subject *'—Chemical T'rade Journal.

In Medium 8vo Handsome Cloth Pp 1-xii1 + 240  With Frontispiece and 164
Illustrations, including many Photo-Micrographs 108 6d. net

CAST IRON
IN THE LIGHT OF RECENT RESEARCH.
By W. H. HATFIELD, B.Met., A.M.I.Mech.E.

CONTENTS —INTRODUCTION —The Non-Carbon Alloys and Cast Iron from the S8tand-
point of the Equihibrium Diagram —Influence of Silicon —Of Phosphorus —Of Sulphur.
—Of Manganese —Of Other Elements —Of Casting Temperature —Shrinkage and Con-
traction.—Growth of Cast Iron under Repeated Heatings —Iffect of Superheated Steam
upon Cast-iron Fittings —Malleable Cast Iron —Heat Treatment of Cast Iron —De-
carburisation of Cast Iron without further Fusion —Mechanical Propertics of Cast and
Malleable Cast Iron —X¥urnaces and Slags —APPENDICES —INDEX

‘A valuable addition to Griftin’s noted metallurgical publications.”—Mning
Magazine

SecoNp EpitioN. In Crown 8vo Handsome Cloth. Pp 1-xxvii+409,
Thoroughly Revised and very greatly Enlarged With many New,
and 1n all 310 Illustrations 10s 6d net

A HANDBOOK ON

METALLIC ALLOYS:

Their Structure and Constitution.
By GILBERT H. GULLIVER, B.Sc, F.R.S.E.

NTENTS —Mcthods of Investigation —The Physico-Chemical Equilibrium ot
Mixed Substances —Binary Alloys in which no Deflnite Chemical Compounds are formed
~—Do. which show Evidence of the Formation of Definite Chemical Compounds —Trans-
formations 1n Completely Solid Metals —Alloys —Equilibrium Conditions 1n Metallio
Mixtures —The Structures of Metals and Alloys —The Bronzes, Brasses and other
Alloys of Copper —Steel and other Alloys of Iron —Alloys of more than Two Metals —
The Microscope tn Engincering Practice —INDEX.
I d" This book offers most exhaustive 1nformation, and is profusely illustrated.”—Metat
naustry.

SecoND EpitioN, Thoroughly Revised Pp 1-xvn+313  With 195
Photo-Micrographs, Iagrams, and Figures 8s 6d net

THE MICROSCOPIC ANALYSIS OF METALS.
By FLORIS OSMOND axp J. E. STEAD, D.Mer, F R.S.
Revisep AND CorrecTeEp By L. P. SYDNEY,
CONTENTS,—PART 1. Metallography considered as a Method of Assay.—PART II
he Science of Polishing.—PART III. The Microscopic Analysis of Carbom Bteels.—
APPENDIOES,—INDEX.
‘“ The subject 18 treated 1n a masterly manner . . altogether the new edition
should Prove invaluable to metallurgists.”—Mning World

g
““ Of all the books which have dealt with this subject in its many aspects, surely this
one remains supreme ''—Chemical World.
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THirp EprrioxN, Thoroughly Revised, Enlarged, and Re-set Throughout.
In 1hree Volumes, with Valuable Bibliography, New Maps,
INlustrations, &c. 50s. net.

A TREATISE ON
PETROIL E U M.

By SIR BOVERTON REDWOOD, Baxr..,
DSc,FRSE, AssocInNsTOE, FIC

CONTENTS —SECTION I Historical Account of the Petroleum Industry —SECTION II .
Geological and Geogiaphical Distribution of Petroleum and Natural Gas —SECTION I1I
The Chemical and Physical Properties of Petroleum and Natural Gas —SEOTION 1V.*
The Origin of Petioleum and Natural Gas —SEQTION V . The Production of Petroleum,
Natural Gag, and Ozokerite —SECTION VI The Reﬂninlg of Petroleum —SECTION VII
The Shale Ofl and Allied Industries —SEcTION VIII * The Transport, Storage, and Dis-
tribution of Petroleum —SECTION IX * The Cesting of Crude Petroleum, Petroleum and
8hale Oil Products, Ozokerite, and Asphalt —SECTION X, The Uses of Petroleum and
ta Products —SECTION XI  Statutory, Municipal, and other Regulations relating to
the Testing, Storage, Transpoit, and Use of Petroleum and its Products,—BIBLIO-
GRAPHY —APPENDICES —INDEX

‘It is indisputably the most comprehensive and complete treatise on petioleum, and this
statement is true, no matter on what branch of the industry a test of its merits is made It is
the only book in existence which gives the o1l man a clear and reliable outline of the growth and
present-day condition of the entire petroleum woild I'here 1s a wondeifully complete
collection of plates and 1llustrations "— Petroleum World

Tmrp Epition, Revised  Pp. 1-x1x + 340.  Price 8s. 6d. net.

A HANDBOOK ON PETROLEUM.
FOR INSPECTORS UNDER THE PETROLEUM AGTS,

And for those engaged 1n the Storage, Transport, Distribution, and Industrial
Use of Petroleum and its Products, and of Calecium Carbide. ith
suggestions on the Construction and Use of Mineral Oil Lamps.

By CAPTAIN J. H THOMSON,
HM Chief Inspector of Explosiyes
Axp SIR BOVERTON REDWOOD, Barrt,
REVISED BY MAJOR A COOPER-EEY AND SIR BOVERTON REDWOOD
CONTENTS —Intioductory —Souices of Supply —Production, Refining, ete —Com-

mercial Products —Flash Pomt and Fne-Test —Testing —Legislation —Precautions —
1l Lamps —Calcum Carbide —Appendices —INDEX

‘“ Of unique value f The book has attained the reputation of a classic, and 18
an extremely handy and useful work for all interested 1n the 01l business ’—Chemical
Trade Journal

In Pocket Size Pp 1-xx1 + 454, Strongly Bound 1n Leather
Fully Illustrated. 8s 6d net

THE PETROLEUM TECHNOLOGIST’S POCKET BOOK.

By SIR BOVERTON REDWOOD, Bart., D.Sc, &c,
And ARTHUR EASTLAKE, M LM E,, A.M.I Mech.E, &c.

SYNOPSIS OF CONTENTS —PART I  General Information about Petroleum (Origin,
Occurrence, Prospecting, acquining Land, Raising, Storage, Refining, etc) Parr II.:
Geological (Identification of Rocks, Angle of Dip, Maps, Oil-bearing Areas, Oil per acre,
Bitumens, etc) PArT III Physical and Chemical (Specific Gravity, Analysis of Gas,
Viscometry, Calorific Value, Flash Point, Distillation, Candle Power, etc., 6tc.) PART
IV.: Production (Drilling, Casing, Water, Raising Oil, Plugging, Cost of Drilling, etc,
etc.) PART V.. Refining, Transport, Storage and Testing (Tanks, Flow of Gasin Pipes,
Pipe Lines, Pumping, Railway Cars, Barrels, etc, etc) PART VI * Uses (Liquid Fuel, Air
required, Oil Engines, Natural Gas, Asphalt, etc.). PART VIL, - Weights and Mcasures
(English and Foreign). PART VIII : Miscellancous PART IX Statistics (of Production,
Asphalt, O1l 8hale, Ozokerite, Natural Gas)

‘“Excellent in every way . . the tables and statistics appear to be exactly
those which will be of most use "—Engunee;
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 Griffin’s Local Government Handbooks.

WORKS SUITABLE FOR MUNICIPAL AND COUNTY
ENGINEERS, ANALYSTS, AND OTHERS.

For further particulars of the following, see Index.

Civil Engineoring Practice. By F NorL Tavror With over 800
Pages and over 1,000 Illustiations Cloth 25s net

The Main Drainage of Towns. By I' NoeL TavyLor. Pp 1-a1+313.
With over 3560 Illustrations 123 6d net

Practical Sanitation : A Handbook for Sanitary Inspectors and others.

® By GEO REID, MD,DPH SKLVENTEENTH EDITION, lhou)ug.hly Revised os

Sanitary Engineermg‘ By Francis Woon, A M Inst C B Tuirp
EDITION, Revised Pp 1-xv + 306 8s 6d nct

Modern Methods of Sewage Purification. By (- BERTRAM
KERSHAW, Engincer to the dewage Commission  Fully Illustiated 218 net

The Prineciples ot Sewage Disposal. By Piof Dunpar of Hamburg.
Translated by H 'I' CALVERT, M 8¢ 158 nct

Trade Waste Waters. By H Witson, M D, and H. T CaL\VERT,
Ph D Fully Illustiated 18s net

Trades’ Waste: Its Treatment and Utilisation By W NAYLOR,
FCS, AMInst CE 21s net

Modern Destructor Practice. By W F Goobricn, A M Inst C.E.
Pp 1xvi+ 273 158 net

Refuse Disposal. By Prof. E R Muarrnews, A M Inst C K Very
fully Illustrated 08 net

Water Supply : Selection of Seurces and Distribution By REecivaLp
E MIDDLETON, M Inst C €, M Inst Mech E, FS1 Crown8vo 8s 6d net

Water Analysis for Sanitary and Technical Purposes. By
H B Stochs, ¥IC,etc 45 6d net

Calcareous Cements: Their Nature, Preparation, and Uses. By

GILBERT REDGRAVE, Assoc Inst C E , and CIIAS SPACKMAN, F CS SECOND EDITION
168 net
Handbook for Cement Works Chemists. By I' B (ATEHOUSE,
CS 53 net

Ha,ndbook on Town Planning. By Juriax JuniaN, B L 5s net.

Road Making and Maintenance. By Thos Arrken, A.M Inst C K,
SECOND EDITION  Fully Illustiated  21s net .

Dustless Roads: Tar-Macadam. By J WiLker Switn  Fully
Tlustiated  10s 6d net

Central Electrical Stations : Their Design, Organisation, and Manage-
ment By C H WORDINGHAM, A K C, M Inst CE SrCOND EDITION 24s net

Transformers. By HFRMANN Boire, M IE E, and Prof Davip
ROBERTSON, B Sc¢  Pp 1xuv+4-356  Pirofusely Illustiated 21s net

Electrical Photometry and Illumination. By Piof H BouLg
Pp 1 x1+ 222 Profusely Illustrated 10s 6d net

Electricity Meters. By HenNry G+ SoromoN, Assoc M Inst.E.E In
\ledium 8vo, Handsome Cloth  Piofusely lllustiated 16s net

Gas Manufacture (The Chemistry of). By W..J. A. BUTTERFIELD,

FIC, FCS With Illustrations BoUR’ru EDITION, Revised Vol I,

7S (;d net Vol IT, mn meparation . . . R .

The Calorific Power of Gas. By J H. Coste, I LC., FCS
Illustrated 6s net . , N .

Fuel: Gaseous, Liquid, and Solid. By J H Coste, F I.C., and E.
ANDREWS, FTC 63 net

Smoke Abatement. A Manual for Manufacturers, Inspectors,
Engineers, and others By WiLLIAM NICHOLSON  Fully Illustrated. 68 net

Fire and Explosion Risks. The Detection, Investigation, and Pre-
vention of Fires and Explosions By Dr VON SCHWAIVM Cloth 16s net

Milk: Its Production and Uses. With Chapters on Dairy Farming,
The Diseases of Cattle, and on the Hygiene and Control of Supplies By EDWARD F
WILLOUGHBY, M.D., DPH 6s net

Flesh Foods: With Methods for their Chemcal, Microsco I‘Plcal and
Bacteriological Examination By C AINSWORTH MITOHELL, BA, Illus-
trated 10s 6d

Foods: Their Composition and Analysis Bgr A. WyNTER BryTH,
MRCS,FCS, ang M W BLYTH, BA BSc IXTH EDITION, Thoioughly
_Revised 21s
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In Large 8vo. Cloth. Pp. i-xx1i1+271. With 147 Illustrations.
158. net.

A MANUAL OF

THE PRINCIPLES OF SEWAGE TREATMENT.

By Pror. DUNBAR,
Director of the Institute of State Hygiene, Hamburg

EncLisH Epition B3y HARRY T. CALVERT, M.Sc., Pu.D., F1.C.,
Chief Chemical Assistant, West Riding of Yorkshire Rivers Board.

ABRIDGED CONTENTS.— HISTORIOAL DEVELOPMENT OF THE SEWAGE PROBLEM —Growth
of River Pollution —Legal Measures of Central and Local Authorities —Rise and Develop-
ment of Methods of Sewage Treatment.—Earlier Views, their Object and Utility., PRESENT
POBITION OF SEWAGE TREATMBNT —The Characteristics of Sewage —Objects of Pre-
cipitation Works —Description for the Removal of Suspended Matters.—Methods for the
Removal of Putrescibility —The Disinfection of Sewage —Supervision and Inspection
of Sewage Disposal Works —The Utility and Cost of the various Methods of Sewage
Treatment —INDEX

‘““ We heartily commend the book as a peculiarly fair and impartial statement of the
present position of the sewage problem ”"—Lancet

In Medium 8vo. Cloth Pp 1-xm1 + 356 With Tables, Illustrations
1 the Text, and 36 Plates 2l1s. net

MODERN METHODS OF

SEWAGE PURIFICATION.

A Guide for the Designing and Maintenance of Sewage Purification Works.
By G. BERTRAM KERSHAW, F.R.S.I, FRMS.,, FGS, &,

Engineer to the Royal Commission on Sewage Disposal

CONTENTS — Introduction — Historical — Conservancy Methods, &c — Sewecrage
8ystems —Rainfall, Storm Water —Variations 1 Flow of Sewage —Classification and
Composition of Sewagcs —Considerations to be observed in selecting the Site for Sewage
Disposal Works —Preliminary Processes —Disposal of Sludge —Land Treatment of
Bewage —Contact Beds —Percolating Filters —Trades’ Wastes —Miscellaneous —Pre-
cipitation Works 1n Actual Operation —INDEX,

““ A large and comprehensive work replete with information "—Journal
Royal Santtaiy Institute

In Handsome Cloth. Pp. 1-xu14 256. With 59 Illustrations. 6s. net.

SMOKE ABATEMENT.

A Manual for the Use of Manufacturers, Inspectors, Medical Officers of
Health, Engineers, and Others.

By WILLIAM NICHOLSON,
Chief 3moke Inspector to the Shefleld Corporation
CoNTBNTS —Introduction —Legislation (General) —Do (Local) —Foreign Laws —
B8moke Abatement —Boilers, Furnaces and Kilns —Dwelling-house 8Smoke —Chimneys —
8moke Preventers and Fuel Savers —Waste Gases from Metallurgical Furnaces.—INDBX.
‘“ We welcome such an adequate statement on an important subject "—Britssh
Medreal Journal

See also—
THE MAIN DRAINAGE OF TOWNS, . . . page 6.
REFUSE DISPOSAL, . . . . . , O
AND MODERN DESTRUCTOR PRACTICE . . vy 6.

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.



ENGINEERING AND MBCHANICS. 25

SeooNp EbiTioN. In Large 8vo. Handsome Cloth. Beautyfully
Tllustrated. With Plates and Figures in the Text. 21s. het.

ROAD MAKING AND MAINTENANCE:

A Practical Treatise for Engineers, Surveyors, and Others.
" By THOS. AITKEN, M.Ixst.C.E,

Member of the Association of Municipal and Oounty Engineers, Member of the Sanitary
Inst , Surveyor to the County Council of Fite Oupar Division

CONTENTS —Historical S8ketch —Resistance of Traction —Laying out New Roads —
Earthworks, Drainage, and Retaining Walls —Road Materials, or Metal —Quarrying
—Stone Breaking and Haulage —Road-Rolling and Scarifying —The Construction of
New, and the Maintenance of existing Roads —Carriage Ways and Foot Ways |

*‘The Literary style is RXCBLLBNT A COMPREHBNSIVE and BXCBLLENT Modern Book, an
UP-TO-DATE work hould be on the reference shelf of every Municipal and County
Engineer or Surveyor in the United Kingdom, and of every Colonial Engineer "—The Surveyor

In Handsome Cloth. Fully Illustrated. 108, 6d. nel.

DUSTLESS ROADS.
TAR MACADAM.
By J. WALKER SMITH,

City Enginecer, Edinburgh.
CONTBNTS —Necessity for Improved and Standard Road Construction —Tar —Standardisation
of Matrix —Aggregate for Macadam —Different Modes of Prelmrmg and Laying —Mechanical
Mixing —Effects of Wear, Density, Porosity, Distribution of Welght —Scavenging, Wateriog and

Maintenance — Camber, Gradient, Noiselessness, Hygienic Advantages — Rolling — Iractive
Effort —~Statistics —Tar Spraying on Ordinary Macadam Surfaces —APPENDICES —INDEX .

““The book is in every respect up-to-date and very suggestive. It is practical in
the hest sense of the term ”—County and Muniwcaipal Record

In Crown 8vo. Cloth Pp 1-x1+ 137 With 25 Illustrations, Colomred Map, and a
Chait 43 6d net

MODERN ROAD CONSTRUCTION.

A Practical Treatise for the Use of Engineers, Students,
Members of Local Authorities, &e.

By FRANCIS WOOD, M.Inst C.E., F.G.S.

COoNTENTS —Introductory —Macadam Roads —Wear of Roads —Effect of Trafic on
Roads —Tarred Roads —Bitumen —Methods of Using Tar and Bitumen —Rollers and
Rolling —Paving —Cost of Maintenance of Roads —APPENDICES —INDBX,

“ A httle volume that should find 1ts place on the shelf of every road and highway
suiveyor and engieer 1n the Local Government world ”—Munwipal Jowrnal.

In Crown 8vo Cloth Pp. 1-vi1 + 149 With Illustrations 568 net
AN INTRODUCTION TO

TOWN PLANNING.

A Handbook dealing with the Principies of the Subject, and a Consideration of the Problems
Involved, Powers o Local Authorities, etc.

Bvy JULIAN JULIAN, B.E

CONTENTS.—Ancient Town Planning —Medieval and Modern Town Planning.—
Authorities and Bye-Laws —Powers of Local Authorities —Practical Considerations in
the Preparation of Town Plans,—A Town-Planning Tour.~—~APPENDICES.~—INDEX

““There ale many books on Town Planning, but none that covers quite the same

round as this one traverses so ably a valuable addition to the Town Planner’s
1h18yy "—Surveyor.
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 TECHNOLOGICAL WORKS.

Ohomlura for E lnun .nd Mlnummmn B B Br,omu', FIC,and A. G BLOXAM,
. Vi l --sxcoonn EDITION, 14s. Vol. II.—SEQOND EDITION, 168

Olls, zg;b, ?nthn, and Waxes. By ALDER WRIGHT and MITCHELL SECOND EDITION.
net,

Oils, Resins, and Paints (Analysis and Valuation). By Harry INGLE, O S. net 3s 6d.
Vinegar ; Its Manufacture and Examination. By J A MITCHELL, ' I C At Press.

Physico-Chemical Tables. By J. CASTELL-EVAN3 F I.C Vol I —Chemical Engineering,
24s. net. Vol. II —Physical and Analytical Chemistry, 36s net.

Quantitative inorganic Analysis. By Dr J W. MELLOR 30s. net.
Water Analysis for 8an. and Tech. Purpeses. By H B STOCKS. 48 63 net
Msthods of Alr Analysis. By J 8 HALDANE, MD, LLD. FRS. 58 net

The Prlnelplu and Practice of Bruvlnx. By Dr W, J SYRES ‘THIRD EDITION, Revised
by A. R. LING, FIC. 218 net

Technical Mycology. Dr. I' LAFAR. SECOND EDITION. In Two Vols Vol I, 153 net
Vol II, 248 net

Micro-Organisms and Fermentation. By ALFRED JORGENSEN FOURTH EDITION, Com-
pletely Revised Translated by S H DAVIES, B Sc. 158 net

Ferments and their Actions. By C OPPENHEIMER Translated by C A. MITCHELL, B A.
IC. InCloth 78 6d net

Vinegar : Its Manufacture and Examination. By C A MITCHELL, BA,F T (' Ss 6d net
Peat ; Its Use and Manutacture. By BJoRLING and GISSING 6s net

Gommercial Peat ; Its Uses and Its Possibilities. By F. T GISSING 68 net

Paper Technelogy. By R. W. SINDALL, ¥ CS SECOND EDITION, Revised 128 6d net.
Stationery Testing. By H A BROMLEY Fully Illustrated, 23 6d net

The Clayworkers’ Handbook. By A B SEARLE. SECOND EDITION 6s nct

British Clays, Shales and 8ands. By A B SEARLE Illustrated 7s 6d nct

Ceramic Literature. Comptled, Classified, and Described by M 1. SOLON 428 net.

Art of the Goldsmith and Jeweller. By I' B WIGLEY. SECOND EDITION 7s 6d net
Smoke Abatement. By WM NICHOLSON With Illustrations 6s net

Calcarsous Cements. By G 1R REDGRAVE and CHARLES SPACKMAN, FCS SECOND
EDITION 158 net

Handbook for Cement Works’ Chemists. By FRANK B GATEHOUSE, F C S, In Handsome
Cloth 58 net

@as Manutacture. By W J A BUTTERFIELD Vol I 7s 6d nct. Vol II. Shortly
Caloritic Power of Coal Qas. By J H CosTe, FI1.C 63 net

Fuel Qaseous, Liquid, and 8olid. By J H COSTE and E R ANDREW», 65 nct
Acetylene. By ' H LEEDS and W J A BUTITERHIFLD SECOND EDITION 8s 6d, net,
Fire and Explosion Risks. By Dr VON SCHWARTZ In Cloth 168s net.

Enamelling on Iron and Steel. By JULIUS GRINWALD Cloth Illustrated, 6s net,
Technology of iron Enamelling and Tinning. By JULIUS GRUNWALD 6s net

The gh%l:\ilstry of the Colloids. By Dr V PoSOHL ‘Translated by Dr H HODGSON,
8

Celiuloid ; its Manufacture, Application, and Substitutes. From the French of MASSELON,
ROBERTS, and CILLARD. By Dr H H HopGsoN 25s, nct.

Chemistry of india Rubber. By C. O WEBER, Ph D THIRD IMPRESSION. With many
Illustrations 168 net.

The Manutacture of Rubber Geods. By ApoLr HEIL and Dr. W [EscH. Translated by
E. W. LEwis, A.C.GTI In Cloth.' Illustrated. 10s 6d. net

Glue, Gelatine, and their Alll«l Products. By THoMAS LAMBERT In Large Crown 8vo.
Fully Illustrated  5e. n

Leather Trades Chemistry. By 8. R. TROTMAN M A F.IC In Handsome Cloth. Fully
Illustrated. 153 net,

tnk Manufacture. By C A MITCHELL, BA, F.IC, and T. C HEPWORTH. SECOND
EpiTIoN, Revised  In Cloth, With Plates and 1llustrations.

Inorganic Chemistry. By A. DUPRr and WILSON HAKE. THIRD EDITION 6%8. net
Elements of Chemical Engineering. By J. GROSSMANN, Ph.D. SECOND ED. 38. 6d net,
Elementary Practical Chemistry. MYERS and FIRTH. 43 nct.

Outlines of Quantitative Analysis. By A. H SexToN, F.LO. FIFTH EDITION. 33
Ontlines of Qualitative Analysis. By A. H. SexToN, F.I.C. FOURTH EDITION 3s. 6d,
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THE FERMENTATION INDUSTRIES.
Tuirp EpiTioN. In Handeome Cloth. Fully Illustrated. 2ls. net.

PRINCIPLES AND PRACTICE OF BREWING.
FOR THE USE OF STUDENTS AND PRACTICAL MEN.
By WALTER J. SYKES.

Revisep BY ARTHUR R. LING, F.I.C., F.C.8,,
Editor of the Journal of the Institute of Brewing.

CORTENTS -— Physical Principles Involved —The Chemistry of Brewing. —The
Microscope. — Vegetable Blology — Fermentation — Water — Barley and Malting —
Arrangement of Brewery Plant —Quantities of Materials —Fermentation —Antiseptics.
—Finings —Characteristics of Beer —Diseases of Beer —INDEX

‘“ A thorough and comprehensive text-book . . . up-to date . . astandard
text-book "— Brewers’ Journal

In Large 8vo. Complete 1n Two Volumes.
Hach Volume Complete wn Itself, and Sold Separately.

TECHNICAL MYCOLOGY:

The Utilisation of Micro-organisms in the Arts and Manufactures.
By Dr. FRANZ LAFAR,

Prof of Fermentation-Physlology and Bacteriology in the Technical High 8chool, Vienna
TRANSLATED BY CHARLES T, C. SALTER.
Vol. I.-SCHIZOMYCETIC FERMENTATION. 15 net.
Vol. IL—_EUMYCETIC FERMENTATION. 245 net

NOTE —Pait I of Vol IT was 1ssued separately at 7s 6d. Copies of Part II,
Vol II, have, therefore, been bound up to enable those possessing Part I, to complete
their copies The price of Vol IT, Part IT, is 183 net

*‘The fAirst work of the kind which can lay claim to completeness in the treatment of
a fascinating subject, The plan is admirable, the classification simple, the style is good,

Zx;d the tendency of the whole volume is to convey sure information to the reader "'—
neet

FirrH EprtioN  In Demy 8vo  Revised Tl;oughout Pp 1x1 + 489
With 101 Illustrations. In Cloth. 15s. net

MICRO-ORGANISMS AND FERMENTATION.

By ALTRED JORGENSEN
TrRANSLATED BY SAMUEL H. DAVIES, M Sc

CONTENTS —Microscopical and Physiological Examination—Biological Examination
of Air and Water—Bacteria—Moulds—Yeasts—The Pure Cultuie of Yeasts on a Large
Scale —INDEX

‘‘The student taking up this subject would do well to work through this book first
and then take Lafat’s "—Biewung Trade Review

In Crown 8vo, Handsome Cloth. Price 7s. 6d. net.

FERMENTS : AND THEIR ACTIONS.

A Text-book on the Chemistry and Physics of Fermentative Changes.

By CARL OPPENHEIMER, Pu.D., M.D.
TRANSLATED BY C. AINSWORTH MITCHELL, B A, F.I.C., F.CS.

CONTENTS.—Introduction —Deflmtion of Ferment —Chemical Nature of Ferment.—
Influence of External Factors on Ferments —Mode of Action —Physiological Action —
Secretion of Ferments —Ferments and the Vital Processes —A. THB HYDROLYTIO
FERMENTS : Proteolytic Ferments —Trypsin —Bacteriolytic and Hsmolytic.—Proteo-
lytio Yegetable Ferments —Coagulating Ferments —Saccharifying Ferments.—Animal

iastases —Enzymes of the Disaccharides —Ferments which decompose Glucosides.—
Lactio Acid Fermentation —B THE OXIDISING FERMENTS : Alcoholic Fermentation —
Biology of do.—The Oxydases-—Acetic Oxalic, and similar Fermentations.—Biblio-
graphy,—INDBX,

‘*Such & veritable multum tn parvo has never yet appeared "— Rretwer s’ Journal
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In Cloth Pp.i-xxxi 4 778 With 2 Coloured Plates and 206 other
Tllustrations. 30s net

A TREATISE ON

QUANTITATIVE INORGANIG ANALYSIS,

With Special Reference to the Analysis of Clays, Silicates, vte.
By J. W. MELLOR, D.Sc.

PARTI G@General —Introduction —Weighing —Measurement of Volumes -——Volumetric
Analysis.—Colorimetry and Turbidimetry.—Filtration and Washing —Heating and
Drying.—Pulverisation and Grinding —Sampling —The Reagents PArT II ypical
Silicate Analyses—Clays —Volatile Matters —Opening up Silicates —Determination of
Silica —The Ammonma Precipitate —Iron —Titanium —Calcium and Magnesium —The
Alkalies.—Abbreviated Analysis and Analytical Errors —Electro-Analysis PART III.
Qlasses, Glazes, Colours, and Gomplex Silicates —Analysis of Glass, Glazes, Enamels and
Colours —Determination of Arsenic —Antimony —Tin —I.ead —Bismuth and Mercury.
—Copper and Cadmium —Zinc —Manganese —Cobalt and Nickel PART 1V Speclal
Methods—Bases . Determination of Molybdenum —Tungsten, Columbium, and Tantalum.,
—@Gold and Selenjum ~—Aluminium and Beryllium —Special Methods for Non-Compounds.
~Chromium, Vanadium, and Uranium —Zirconium, Thorium, and the Rare Earths.—
Barium, 8trontium, Calcium, and Magnesium —Alkalies and their Salts PART V. Special
Methods—Acids  and Non-Metals Carbon —Water —Boron Oxide —Phosphorus —
Sulphur —The Halogens —Rational Analysis of Clays.— APPENDIOES,—INDICBS

*“ Will at once take its place in scientific literature as the standard work on the subject.”
—Chemical News.

In Demy 8vo, Cloth Pp 1-xvn + 411  With 4 Coloured Plates and
263 other Illustrations. 15s net.

CLAY AND POTTERY INDUSTRIES,

Being Vol I. of the Collected Papers from the County Pottery
Laboratory, Staffordshire.

BY SEVERAL AUTHORS
Epirep By J W. MELLOR, DSc
*J¥ For Full List of Contents, send for Prospectus.

In Imperial 8vo. Strongly and Elegantly Bound in Half Leather,
Enclosed in Case. Pp 1-xvii + 660. £2 2s. net.

CERAMIC LITERATURE

Compiled, Classified, and Described by M. L. SOLON,
President of the Enghish Ceramic Society
An Analytical Index to the Works Published 1 all Languages on the History and
the Technology of the Ceramic A1t, also to the Catalogues of Public Museums, Private
Collections, and of Auction 8ales in which the Description of Ceramic Objects occupy

an important place, and to the most impoitant Price Lists of the Ancient and Modern
Manufactories of Pottery and Porcelain

‘““A work of inestimable value to all serious study of Ceramics ”—Burlington
Magarine

In Two Laige Volumes, Large 8vo, Stitongly Bound, with 13 Plates and
334 other Illustrations

BRIQUETTING.

Coal, Shale, &e.; Ores, Furnace Products, Metal Swarf, &e.
By G. FRANKE. Translated and Edited by F. LANTSBERRY, M.Sc.

LONDON : CHARLES GRIFFIN & C0., LTD., EXETER STREET, STRAND.




CHEMISTRY AND TECHNOLOGY. 29

In Demy 8vo. Cloth. Pp.1-vii4 171. With Many Tables. , 6s. net.
The Theory and Practice of

Enamelling on Iron and Steel.

. By JULIUS GRUNWALD, Dr., Inc.
-Tramslated by H H. Hopoeson, M.A., B Sc.,, Ph D

CONTENTS —Introduction —The Raw Materials —The Mixing, Dissolving, and Application of
namel —Heating and Pickling Goods in the Rough —Correct laying on —Baking Enamelled
7are —Decoration of Enamelled Objects —Photo Ceramics in their Application to Enamels —
eneral and Statistical Chapter —The History of Enamels and thelir Uses —INDEX
“‘ Combines the theory and practice of enamelling in a most effective manner "—I1on and Steel

virades Journal

In Demy 8vo Umform with the above 6s. net

The Te.ehnolog’y of . .
Iron Enamelling and Tinning.

By JULIUS GRUNWALD. Dr., INc.
Translated by H. H Hobaesox, M A., B.Sc, Ph D

CoNTENTS —The History of the Enamels and their Technology —Economic Significance of the
Sheet-Iron Enamelthng Industry —Chemical Technology of the Enamelling Industry —Enamel
Manufacture and the Function of Clay in the Enamel —Purple of Cassius —The Examination of
Enamels for Cast Iron —The Stlﬂ‘emng of Enamels when ground Moist by means of Vehicles —
He:mni,' and Pickhing of Rough Iron Waies —The Pickling Process —Chemical Composition of an
Enamel —Tinming —Tin Recovery —Danger of Lead Compounds —Tin Disease —Procedure in an
Enamel Works —Educational Training ot Managers for Enamel Works —INDEX

“The author of this book 1a4 done much to put our knowledge of the subject upon~a
gcrentific basls —Found) y 11 ade Journal

InCloth Pp 1x1+ 225 Unmiform with the Author’s other Works 8s 6d net

THE RAW MATERIALS OF THE ENAMEL INDUSTRY
AND THEIR CHEMICAL TECHNOLOGY.
By JULIUS GRUNWALD, Dr, INc
Translated by H H Honeson, M A., B.Sc¢c, Ph.D.
('onTFNTS —Felspar —Quartz —Fluorspar or Fluorite —Clay (Alumino Silicates), Borax and
Boiic Aaid — Cryohite and 1ts Substitutes and its Functions in Enamel Manufacture —Py1olusite
—Tin Oxide —Other White Colouring Agents —Nickel Oxides —Cobalt Oxide and 1ts Compounds

—Sodium Carbonate —Saltpctre — Potash — Some Important Enamelling Pigments —(leneral
Enamel Recipes —INDEN

In Medium 8vo. Handsome Cloth. Illustrated. Pp.1-xi1x+3859. 25s net.

CELLULOID.

ITS MANUFACTURE, APPLICATIONS, AND SUBSTITUTES.

Translated from the French of MasseLon, RosLRTs, and CILLARD
By H. H HODGSON, M A.(Camb ), B Sc.(Lond.), Ph D (Heidelberg)

CONTENTS —Composition, O1gin, I’mpertnes —Nitrocellulose —Commercial Nitration
Processes —Bleaching of Cellulose —Diying —Steeping —Staming of Celluloid —Rolling,
Compiession —Cutting and Diessing —Tubes —Waste —Analyses —Mechanical Tests —
Inflammability —Precautions in Cellulond Works —INDEX

SECOND EDITION, 'I‘Eroughly Revised Re-sct Throughout,
In Large 8vo. Cloth. Illustrated.

The Manufacture of Ink.

A Handbook of the Production and Properties of Printing, Writing, and
Copying Inks.

By C. A. MITCHELL, B.A., F.IC, F.C.S.,, & T. C HEPWORTH.

CONTRNTS.—Introduction.—Carbon and Carbonaceous Inks.—Tannin Materials for
Inks,—Nature of Inks.—Manufacture of Iron Gall Inks —Logwood, Vanadium, and
Aniline Black Inks.—Coloured Writing Inks —Examination of Writing Inks —Early
Methods of Manufacture —Manufacture of Varnlsh —Preparation and Incorporation of
the Pigment.—Coloured Printin, Inks‘—CoFymg Inks —Marking Inks —Safety Inks and
Papers.—Sympathetic Inks,— for Speclal Purposes —XEnglish Patents.—INDBX.

“‘Thoroughly well arranged and of a genuinely practical order *—British Printer

LONDON : CHARLES GRIFFIN & C0., LTD., EXETER STREET, STRAND.




30 CHARLES GRIFFIN & CO'S PUBLICATIONS.

PAINTS, COLOURS, DYEING, AND THE TEXTILE
INDUSTRIES.

TREATISE ON COLOUR MANUFACTURE (Preparation, Examination, and
Application of Pigments). By Groree ZErRrR and Dr RUBENCAMP.
English Edition by Dr. C MAYER, of Burgdorf. Profusely itlustrated.
30s. net.

TESTS FOR COAL-TAR COLOURS IN ANILINE LAKES. By GEORGEB
Zerr Translated by Dr. C. Mavyer. In Medium 8vo  Cloth.
10s 64 neot

PAINTING AND DECORATING. A Complete Practical Manual. By W. J.
PeEarcE FoUrTH EpITION, Revised and Enlarged Profusely Illus-
trated, and with many Plates in Colours 128 6d

IDEAS AND STUDIES FOR STENCILLING AND DECORATING. By A.
DesaiNt  In Medium Quarto With Designs 1 Colour and Colour
Scheme

PAINTERS’ COLOURS, OILS, AND VARNISHES. G H Hurst, FCS
Frrru EpitioN, Revised and Enlarged, by Norr Hraton, BSe,
with Chapter on Varnishes by M B BrackrLer 10s 6d net.

PAINTERS’ LABORATORY GUIDE. By G H Hurst, CS In Crown
8vo Cloth With Illustrations 5s

OILS, RESINS, AND PAINTS. By Harry INuui, DSc, Ph.D., F.IC.
In Three Volumes. Sold separately

A MANUAL OF DYEING. By E Kxecur, Ph D, Cur Rawson, FIC,
and R LoewEeNTHAL, Ph D Stcoxp Eprrion, Thoroughly Revised
and Rewnitten

SYNTHETIC DYESTUFFS, and the Intermediate Products from which they
are Derived. By J C Caix, DSc, and J F Tuorer, Ph D  SscoxNp
Epition, Revised With 7 Folding Tables 16s net

THE ANALYSIS OF DYESTUFFS. By A. E. GrErN, M Sc 88 6d. net.

DICTIONARY OF DYES, MORDANTS, AND OTHER COMPOUNDS. By
Cur RawgoN, FIC, W M GARDNER, F(C'S, and W I LavcockE,
PhD In Large 8vo Cloth, Library Style 16s net

SPINNING AND TWISTING OF LONG VEGETABLE FIBRES (Flax, Hemp,
Jute, Tow, and Ramie). By H R Cirrrr  With Plates and Illustra-
tions 1n the Text 168 net

THE COTTON WEAVERS' HANDBOOK. By H B Hevrry  In Cloth,
Tully Illustrated 63 net

BUYERS AND SELLERS IN THE COTTON TRADE. By H B HevLIN
With Chronological and Statistical Chart 8s 6d net

TEXTILE FIBRES OF COMMERCE (Occurrence, Distribution, Preparation,
and Uses). By W I Haxnan TnCloth With Illustrations 98 net.

BLEACHING AND FINISHING OF COTTON. By S R TrormanN, M A,,
and E L Tuore, M I Mech E 168 net

TEXTILE PRINTING. By E Kx~ecut, Ph D, and J B IFoTHERGILL.
With 13 Plates and 86 Patterns in the Text 36s net

TEXTILE PRINTING. By C F S Roruwerr, FCS Tllustrated. 21s

DYEING AND CLEANING. By FraNk J, Farrerr, M.Sc. In Cloth
With 76 Illustrations Tuirp EpitioN. Enlarged 68 net.

BLEACHING AND CALICO PRINTING. By GrorgeE DUERR, Assisted by
WM TorNsBULL Cloth. 12s 6d.
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In Medium 8vo, Handsome Cloth. Pp. 1-xv1 + 615, With 13 Plates
and 80 Illustrations, also 86 Patterns inset in Text, 36s. nst.

The PRINCIPLES & PRACTICE of TEXTILE PRINTIX

By E. KNECHT, Pu.D., anp J. B. FOTHERGILL.

CONTENTS?—Pnl‘{'; I Introduction —Pait II Methods of Printing.—Pait III. Pre-
patation of Cloth for Printing —Part IV Preparation of Printing Colours —Part V
Treatment of Goods after Printing —Part VI Mordants —Part VII Styles of Printing *
(@) Direct, (b) Dyed, (¢) Insoluble Azo-Colour, (d) Discharge, (e) Resist, or Reserve,

) Raised, (g) Printing of Linings, (k) Metal Printing, (») Crepon or ¢ Crimp "—

1t VIII Finishing of Printed Calicoes —Part IX Wool and Half Wool Printing
Part X. Silk and Half Silk Printing —INDEX

‘“This important book . . fills an admitted gap in textile literature
very systematic ”—Journal of Society of Dyers and Colourisls,

In Medium 8vo. Handsome Cloth., Pp.1-x1 + 347, \With 131
Illustrations. 16s. net

THE BLEACHING AND FINISHING OF COTTON.

By S. R. TROIMAN, M.A,, F.IC, axp E. L THORP, M.I MEcnu. E.

CONTENTS. —St1ucture of Cotton Fibie —Constituents of Cotton Fibre —Cotton Testing.
—Carbohydrates —Water1 —Bacteria m Bleaching —Cotton Piece Goods —Steeping —
Transmission of Cloth —Alkali Boiling —Soap —Soap Makimg —Organic Solvents —
Keirs —Washing Machines —Bleaching and Bleaching Powder —Bleaching and Souring
* pparatus —Sodium Hypochlorite and Electrolytic Bleaching Solutions —Other Bleach-
mg Agents —Souring Acids and Souning Apparatus —Processes —Coloured Goods —
Stains and Discolourations -—Finmishing and Matenals Used —Mangling, Diying, and
Conditioning —Stiffening and Mangles —Auxiliary Machines and Processes —Stenteis —
Beetling —Calendering —¥mishing Processes —INDEX

“ Deserves the attention of pnactical bleachers, and we can reccommend 1t to them
with confidence "—Teatile Meicury

In Medium 8vo Cloth Pp 1-xv1 - 360. With 161 Illustrations.
168 net.

THE SPINNING AND TWISTING OF LONG
VEGETABLE FIBRES

(FLAX, HEMP, JUTE, TOW, & RAMIE).

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce

By HERBERT R. CARTER, of Belfast, Ghecut, and Lille

CONTENTS —Long Vegetable Fibres of Commerce —Rise and Growth of the Spinning
Industry —Raw Fibre Markets and Purchase of Materials —Storing and Preliminary
Operations of Batching, Softening, Knifing, Breaking, and Cutting —Hackling by Hand
and Machine, Cost and Speed of Machining —Sorting, and Management of Hackling
Dept —Preparing Department —Sliver Formation —Tow Carding and Mixing —Pre-

ring, Drawing and Doubling, and Tow Combing —G1ll Spinning —Rope Yarn —Binder

winc —Trawl Twine and Shoe Threads —The Flax, Hemp, Jute, and Ramic Roving
Frame —Dry and Demy-Sec Spinning of Flax, Hemp, Jute, and Ramie —The Wet Spinning
of Flax, Hemp, and Ramie Yarns —Flax, Hemp, Jute, and Ramic Waste Spinning —
Yarn Recling, Winding, Drying, Cooling, and Bundling —Manufacture of Threads, Twines,
and Cords —Rope Making —Weight of Ropes —Mechanical Department Repairs —
Fluting —Hackle-Setting —Wood =~ Turning —O1l8 and Oiling —Mill Construction °
Heating Lighting, Ventilation, and Humidification —Boilers, Engines, etc —Power
Transmission —INDEX.

* The WHOLE SUBJEOT i8 EXHAUSTIVELY AND ABLY DEALT WITH by Mr. Carter, and
the letterpress is illustrated by an ABUNDANCE OF EXCELLENT PLATES . . he
book 18 THE WORK OF A TEOHNICAL EXPERT, who can put his knowledge into plain English,

and it 18 WORTH the ATTENTION OF ALL concerned with the industries treated of *’—The
Dyer and Calico Printer,

LONDON : CHARLES GRIFFIN & CO0., LTD., EXETER STREET, STRAND.
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A TEXT-BOOK OF PHYSICS.

By J, H. POYNTING, 8c¢.D,, F.R.S.,
Professor of Physics, Birmingham Unjversity,

And Sir J. J.. THOMSON, O.M., M.A.,~F.R.S.,

- Proféssor of Experimental Physics in the Untversity of C-~.abridge,
- In Five Volumes. Large 8vo. Sold Separately.

" INTRODUOTORY VOLUME. Firru EDI;(;ON, Revised, Fully Illustrated,
! 10s. 6d.

PROPERTIES OF MATTER.

CoNTRNTS — Gravitation — The Acceleration ot Gravity — Elasticity — Stresses and
Strains —Torsion —Bending of Rods —Spiral Springs — Collision — Compressibility of
Liquids.—Pressures and Volumes of Gases —Thermal Effects Accompanying Straln.—
Ot‘ﬂlu’lty —Surface Tension —Laplace's Theory of Capillarity —Diffusion of Liquids —
Diffusion of Gases — Visocosity of Liquids —INDRX

* We regard this book as quite indispensable not merely to teachers but to physicists of every
grade above the lowest " — Unwversity Correspondent

Vorume II. Sixtu Epition. Fully Illustrated. Price 8s. 6d.

S OUN D.

OontenTs —The Nature of Sound and ite chief Characteristics,—The Velocity of Sonnd
in Alr and other Media —Reflection and Refraction of Sound —Frequenc{ and Pitch of
Notes, — Resonance and Forced Oscillations —Analysis of Vibrations —The Transverse
Vibrations of Btretched Strings or Wires —Pipes and other Air Cavities,—Rods —Plates
~Mombranes.—Vibrations maintained by Heat -—~Sensitive Flames and Jets.—Musios'
Sand.—The Superposition of Waves — INDkX

% The work . may be recommended to anyone desirous of possessing an Basy
UP-TO-DATE STANKDARD TREATISE on Acoustics "—Ltfes ature

VoruMe III. Fourru EpiTioN, Revised. Fully Illustrated. Price 158,

HEAT'T.

CONTENTS —Temperature — Expansion of Solids —Liquids — Gases. — Circulation
and Convection —Quantity of Heat, Specific Heat —Conductivity —Forms of Energy,
Conservation ; Mecnanical Equivalent of Heat —The Kinetic Theory —Change of State;
Liquid, Vapour —Critical Points — Solids and Liquids — Atmospheric Conditions. —
“Radiation —Theory of Exchanges —Radiation and Temperature —Thermodynamics,—
Isothermal and Adiabatic Changes —Thermodynamics of Changes of State, and Solu-
tions —Thermodynamics of Radiation —INDEX

‘“Well up-to-date, and extremely clear and exact throughout . As clear as
would be possible to make such a text-book ' —Nature

VorLome IV  IN THREE Parrs—Two Bounp VorLuMEs

ELECTRICITY & MAGNETISM.

PARTS I. & II. In Cloth. Pp. 1-xiv + 246. Price 10s. 6d
STATIC ELCCTRICITY AND MAGNETISM.

CONTENTS —Common Phenomena —Quantity of Electrification —* Inverse 8quare '
Bystems —Electric Strain produced i1n a Field —Force on a Small Charged Bo%y in the
Field.—Potential—Energy 1n Electrified Systems —Mecasuring Potential and aé)acity.
—Dielectric, Specific Inductive Capacity, sidual Effects —Spec Ind. Capacity and
Refractive Index —Stress in Dielectric —Alteration in Dielectric under Strain —Pyro-
and Piezo-electricity —Magnetic Actions —Molecular H thesis of Magnets —Magnets
other than Iron.—Inverse Square Law.—Magnetic Fields.—Indus Magnetism.—
Permeability.—Measurements of Busceptibility and Permeabllity.—Terreatrial Magnetism.
-Magnetism and Light —INDBRX.

“ The student: of Ph%"sics has only to know of 1ts ex1stence and 1ts authors 1n order to
poseess it *'—Elsctrical Times

PART III —Is in the Press.

VOLUME V XK« X G XX ''—Is 1n Preparation,
LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.



















	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif
	00000163.tif
	00000164.tif
	00000165.tif
	00000166.tif
	00000167.tif
	00000168.tif
	00000169.tif
	00000170.tif
	00000171.tif
	00000172.tif
	00000173.tif
	00000174.tif
	00000175.tif
	00000176.tif
	00000177.tif
	00000178.tif
	00000179.tif
	00000180.tif
	00000181.tif
	00000182.tif
	00000183.tif
	00000184.tif
	00000185.tif
	00000186.tif
	00000187.tif
	00000188.tif
	00000189.tif
	00000190.tif
	00000191.tif
	00000192.tif
	00000193.tif
	00000194.tif
	00000195.tif
	00000196.tif
	00000197.tif
	00000198.tif
	00000199.tif
	00000200.tif
	00000201.tif
	00000202.tif
	00000203.tif
	00000204.tif
	00000205.tif
	00000206.tif
	00000207.tif

