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~Chapter 6: Azoic Combinations: Chemical Principles

By J. R. ASPLAND, School of Textiles, Clemson University, Clemson, S. C.

F ew people know that about half of all

organic textile colorants made today
usereactions first discovered in the labora-
tories of a large brewery, around 1862, just
six years after Perkin’s discover of the first
synthetic dye. The conjunction seems ap-
propriate inasmuch as organic chemistry
wasinastateof ferment and chemists were
intoxicated by the prospects for the chemi-
cal industry. The brewery was British, the
chemist (Peter Griess) was German, and
the reactions are called diazotization and
coupling. In conjunction, these reactions
are used in the synthesis of the very
important azo group of color chemicals.

Azo colors, dyes or pigments, soluble or
insoluble in water, contain one or more azo
chromophores, written -N=N-, which
take their name from the French word for
nitrogen, azote.

To appreciate the reactions involved
with azoic combinations, it is first neces-
sary tolook at those related to azo colorsin
general.

Azo Colors

Except in special cases the synthesis of an
azo chromophore always requires the in-
teraction, or combination, of two compo-
nents. One carries the nitrogen which will
eventually participate in the azo group.
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This is called the diazo component. The
other component, called the coupling com-
ponent, or coupler, carries an electron-rich
(electronegative) carbon atom to which
the first component will become attached.
The reaction of attachment is called cou-
pling, and it involves bridging the gap
between the two components with a new
azo group, -N=N-.

Diazo Components

The term diazo component canrefer toany
one of several interrelated chemicals in
different stages of readiness for reaction
with the coupling component.

The diazo component can be a base, an
aromatic primary amine, which can be
written in chemical shorthand, ArNH,,
although it is sometimes the correspond-
ing hydrochloride. written ArNH;3t - CI™
or ArNH; - HClL. Here, -NH; represents
the primary amino group and Ar- is any
suitable derivative of benzene, naphtha-
lene or other carbon-containing ring struc-
ture, with alternating double and single
bonds between atoms. The aromatic group
may or may not have additional water
solubilizing anionic or cationic substitu-
ents. The base is one step away from being
ready for coupling.

Alternatively, the diazo component can
bein the form of a diazonium salt, which is
a derivative of the original primary aro-
matic amine, or base, and which isreadyto
undergo coupling.

The diazonium salt is made from the
base by the reaction known as diazotiza-
tion, in which the single nitrogen atom of
the primary amino group has a second one
added to it. This is effected by reaction
with a nitrosation carrier, such as nitrous
acid, HNO,, formed by the combination
of sodium nitrite and hydrochloric acid.
The reaction is complex, but is well under-
stood (7).

The product is the diazonium cation,
written Ar-N3* or Ar-Nt N, which in
conjunction with an anion forms a diazo-
nium salt. The diazonium cation is the
reactive species, and is one of the most
powerfully electrophilic (electron loving)
species known. Diazonium salts can be
unstable and they are usually prepared at
low temperatures, which often requires
cooling with ice.

Coupling Components

Coupling components are compounds
which contain at least one electronegative

carbon atom, and can be of three different
types, all of which may contain water
solubilizing substituents:

® Aromatic Amines. It is not necessary
that they are primary amines, for the
nitrogen can be substituted in a variety of
ways, provided the substituents do not
withdraw too - much electronegativity
(electrons) from the aromatic ring. They
can be written: Ar-N=RR3, where R,
and R; may be different, and are normally
either hydrogen or alkyl derivatives.

® Aromatic hydroxy compounds, such
as substituted phenols and naphthols,
which can be written: Ar-OH.

® There are a few important com-
pounds which have reactive methylene
groups. -CH;-, in which the carbon atom
(*) is made more electronegative by an
adjacent carbonyl group, -CO-, or groups;
e.g.,

-CO-C*H,-CO-.

Coupling

The formation of the azo group occurs
when both diazo and coupling components
are present, in combination, under the
appropriate conditions of pH and temper-
ature, and the reaction can be written:

‘AFNT N 4+ H-C* -
Ar-N=N-C*=+ H*  Eq.l.

Here, C* is the electronegative carbon to
which the diazonium ion is attracted.
Hydrogen ion is released in the reaction,
and, in the absence of a buffering system,
would lower the pH. Note: The carbon
atom (*) has three bonds which may be the
double and single bonds of an aromatic or
benzene ring, or may be attached to a
hydrogen and two carbons.

Now that the general background
chemistry of the azo colors has been
introduced, it is easier to understand some
of the terminology used when talking
about azoic combinations—a color appli-
cation category.

Azoic Combinations

The author has deliberately selected this
form of words as a preferred way to
describe the particular color application
category, which at first may seem a less
positive name than, for example, direct
dyes. However, the reasons for the choice
will be much clearer after the next few
sections have described the development
and chemistry of azoic diazo components,
azoic coupling components and the azo
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pigments formed when they react. Under
the healing NOMENCLATURE, other name
options will be discussed.

Development

Already by 1880 the opportunity to syn-
thesize a few. azo pigments within the
cellulosic fiber had been grasped by Read,
Holliday and Sons in the U.K. But, as new
color development continued at a frantic
pace into the twentieth century, there was
still a great incentive to develop a new,
wider range of colors for cotton goods, to
fill the need for bright and heavy shades of
scarlet, red and bordeaux, with favorable
economics as well as good lightfastness
and wetfastness, and which were easy to
apply.

There were brilliant basic dyes avail-
able, which could be applied to mordanted
cotton, but the fastness properties of their
dyeings were poor. There were no existing
vat dyes nor sulfur dyes which couid give
such shades, and they are still missing,
even today. Alizarin, originally extracted
from the roots of the Madder plant, but by
then readily synthesized, could produce a
range of heavy scarlet through bordeaux
shades on a variety of different metallic
salt mordants, but application processes
could literally take weeks. Direct dyes
were not, and still ‘are not, capable of
producing dyeings of very good wetfast-
ness in this shade area. Even with the
advent of fiber reactive dyes in 1956, this
need was not entirely eliminated, for while
the range of desired shades can be pro-
duced the economics are not favorable for
the heavier shades.

There was also an economic incentive to
take dye synthesis out of the hands of the
dyve manufacturers and into the dyehouse,
and that step was taken as azoic diazo
components and coupling components be-
came available to the dyers. Processes
were developed for application of alkaline
solutions of couplers, derived mainly from
naphthol derivatives, to cellulosic fibers,
followed by removal of the excess solution
and treatment of the coupler-impregnated
fibers with diazonium salt solutions so that
insoluble azo colors were formed within
the fibers.

Perhaps the single most important early
development was the introduction, in
1911, of the 2-hydroxy-3-naphthoic acid
anilide (a derivative of the well known
beta-naphthol) as a coupling component,
see Fig. 1d). The principle advantage this
product had over its predecessors was that
the anion, formed when the product was
dissolved in alkali (Fig. 1f), had some
substantivity for cellulose, which could be
improved to give an exhaustion of approxi-
mately 30% when salt was added. Al-
though this is low substantivity compared
with that of many coupling components in
use today, and certainly when compared
with direct, leuco-vat and leuco-sulfur dye
anions, it was the discovery that first made
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Fig. . —Typical Azoic Combination Chemistry: (a) Aromatic base: liquid, immiscible in water; (b)
Fast Color Base: soluble colorless solid, (hydrochloride), C.I. Diazo Component 2; (c) Fast Color
Salt: soluble colorless solid, (fluoroborate), C.I. Diazo Component 2; (d) Naphthol: insoluble
colorless solid, C.I. Coupling Component 2; (e) Substantive yellow anion formed from (d) in alkaline
solution; (f) Azo pigment from reaction of (¢) and {(e), C.I. Pigment Orange 24.

batchwise application of coupling compo-
nents practicable.

Azoic Diazo Components:

Fast Bases and Salts

Azoic simply means “of the azo variety,”
so these azoic components are a sub-group
of the primary aromatic amines, or bases,
and their corresponding diazonium salts
mentioned earlier under the heading azo-
colors.

The aromatic portion is almost always a
relatively simple, substituted derivative of
benzene and, although the substituents
may themselves contain one or two addi-
tional benzene rings, and in some cases
(for blacks) even an azo group, there is no
call for naphthalene derivatives. Apart
from the functional amino or diazonium
substituents, they contain no ionic or
potentially water solubilizing groups.
These components are sold under two
generic names:

® Fast Color Bases. These are normally
free amines in powder form, Ar-NH;, Fig.
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la), but some of the lower melting amines
are sold as the corresponding salts of
hydrochloric acid, Ar-NH;* . Cl7, or
amine hydrochlorides, Fig. 1b). Either
way, they are still referred to as Fast
(Color) Bases. The word fast is a holdover
from the early years, when azoic dyeings
were noted for their good fastness, and the
word color is optional.

® Fast Color Salts: The diazonium
cations as sold are usually in the form of
powders, stabilized by interacting them
with carefully selected anionic compounds
to give salts. Such anions can be fluorobo-
rates (or borofluorides), BF,~, naphtha-
lene or substituted benzene sulfonates,
Ar-SO;~, and particularly the zinc chlo-
ride double salts, ZnCl4>~, for which it
takes two diazonium cations to neutralize
the divalent, tetrachlorozincateion.

A less common method of stabilizing
thediazonium cationsis toreact them with
an aliphatic amino compound containinga
water solubilizing group. The products are
stable and soluble in alkaline solutions but
liberate the diazonium cation on acidifica-
tion. This makes it possible to apply such
products at the same time as applying the
alkaline solution of the -azoic coupling
components.

Azoic Coupling Components: Naphthols

Naphthols are sub-set of the azo couplers
mentioned earlier. Probably 75% or more
of the coupling components in use today
arevariously substituted anilides of substi-
tuted or unsubstituted 2-hydroxy-3-naph-
thoic acid. For this reason and for the
convenience of having a simpler name,
azoic coupling components are often re-
ferred to as naphthols. They all dissolve to
some extent in alkaline solutions, to give
solutions of their corresponding naphtho-
late anions (cf. Fig. 1e).

The remaining 25% are diazo coupling
components derived from chemicals with



reactive methylene groups and carbonyl
groups (nothing to do with naphthoic
anilides) which also dissolve in alkaline
solutions to give water soluble anions, as
shown below. They, too, are called naph-
thols for convenience.

—C*H,-C=0
-C*H=¢-0" . Na* Eq.2.

There are no other solubilizing groups
in azoic coupling components, and there
are no azoic coupling components which
depend on an amino group to activate an
adjacent carbon atom for coupling. Both
these features contrast strongly with the
coupling components used in large num-
bers of azo dyes.

Sorption of Naphtholate Anions

The sorption of organic aromatic anions
by cellulose in the presence of salts has
already been discussed. There is no reason
to believe that those derived from diazo
coupling components should be sorped by
any other mechanism than that applicable
to leuco-vat, leuco-sulfur and direct dye
anions. But, although it is generally ac-
cepted that this is the case. little funda-
mental work has been -carried out to
confirmordenyit (/).

The main differences to be expected
between azoic coupler anions (naphtho-
lates) and those of the other dye applica-
tion categories is the relatively small size
of the molecules, which results in their
considerably reduced substantivity. This
small molecular size should, and does,
allow the anions to diffuse much more
rapidly from the surface into the fibers
than, for example, direct dye anions.

Permutations and Combinations

For the last several years the AATCC
Buver’s GuiDEe ( 2) has listed about 25 C.1.
Azoic Coupling Components and a similar
number of C.I. Diazo Components, and
between them they boast about 150 prod-
ucts from six suppliers. The versatility of
azo chemistry is illustrated by the number
of different azo pigments which can be
formed from combining each of the 25

diazo components with all 25 coupling
components in turn. The result is that 625
pigments (25 X 25) can be made from
only 50 (25 + 25) intermediates. Further-
more, they are formed in close to theoreti-
cal yield. However, not all combinations
yield commercially desirable products.

The essence of the azoic reactions is
shown in Fig. | with a specific example in
which even the final azo pigment hasa C.1.
Name, Fig. 1f. Note: In these naphthol
derivatives, coupling takes place at the |
position; i.e, at the carbon atom with no
apparent substituent, adjacent to the car-
bon atom bearing the hydroxy or hydroxy-
late group. i

Nomenclature

It should now be evident that azoic means
azo,butinarestricted senseonly. [trelates
to just those coupling agents which are
soluble in alkali, can be applied to cellulo-
sic fibers from alkaline solutions, and
which yield pigments within the fiber after
suitable diazonium salts (or derivatives)
arealsoapplied. Oneshould qualify thisby
adding “‘under the correct conditions,”
and these will be discussed later.

In other words, the color application
process requires the use and combination
of two organic intermediates, whose char-
acteristics are well defined. For this reason
the author prefers to call the whole subject
*Azoic Combinations and Their Applica-
tion.”

The same subject has been widely de-
scribed as dveing, even though no dye is
involved. The problem lies with the use of
the word dye. Some use dye to distinguish
between dyes and pigments, or solubility
and insolubility. Some use it to denote
colored products within fibers (not on the
surface) which got there as a result of an
application process known broadly as dye-
ing. There is plenty of food for thought
here. For example, when should vat colors
be referred to as dyes, and when as
pigments? Why are the terms mass pig-
mentation, dope dyeing and producer
coloration used synonymously? Which is
the better term? All refer to incorporating

pigments into polymers, either molten or
insolution.

From the following list of titles, pick out
the one which describes the present subject
most clearly and correctly:

e Dyeing with Azoic Dyes

@ Dyeing with Azoic Colors

@ Dyeing with Azoic Combinations

® Dyeing with Naphthol Dyes

e Application of Azoic Combinations

There is no winner and no loser, so long
as the reader comes to appreciate the
problem in the use of the words. Nobody is
perfect. Even the CoLour INDEX uses the
oxymoron insoluble azo dyes in defining
azoic coloring matters (3). An easy way
out is to refer to the whole application
category simply as azoics and let it go at
that.

Review

Azoic combinations, or azoics, can give
heavy orange, scarlet, red and bordeaux
shades on cellulosics which are still un-
beatable for economy. Navy blue and
black shades are also widely used.

The color application category is the one
in which the chemistry of dye synthesis
and dyeing overlap the farthest. Histori-
cally, it required a commitment by the
dyer to practice some of the skills of the
chemist, in exchange for economic bene-
fits. Nowadays, the need for chemical
skills has largely been replaced by excel-
lent technical literature from the major
manufacturers of the azoics—naphthols,
fast bases and fast salts—which can re-
duce their application to an ability to
follow a procedure. However, it is never
harmful to understand- the reasons for a
procedure, or the consequences of making
procedural changes. o
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