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Determination of pKa values of some azo dyes in acetonitrile
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Abstract

In this study, 10~#M acetonitrile solutions of 15azo dyes synthesized by coupling hydroxyl containing compounds
such as phenol, 1-naphthol and 2-naphthol with diazonium salts obtained by the diazotisation of aniline and aniline
derivatives were determined by potentiometric titration with perchloric acid in acetonitrile at room temperature. The
turning points and the half neutralization potentials of these compounds were determined using the potentiometric
titration curves obtained in order to calculate their pKa values. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The effects of various substituents and of the
solvents used on the behaviour of organic com-
pounds in basic or acidic media has long been
and still is of great interest [1-5]. The most
important concepts used in the definition of acids
and bases are acidity or basicity strengths, these
concepts being related to ionisation equilibrium
constants.

Water is the most common solvent used in
titrimetric analyses due to its unique properties.
However in spite of having some unique proper-
ties water is not a suitable solvent for the deter-
mination of the pKa values of those organic
compounds showing very weak acidic or basic
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character in aqueous media and those acids and
bases which remain outside the pH scale developed
as regards to aqueous media [1,3].

Compounds containing functional groups, and
the acidic and basic character of these groups,
have been investigated by various workers [5-10].
There are also literature studies in which the basic
and acidic character of the functional groups of
azo compounds, which are of industrial interest,
have been examined [11,12]. These studies can be
carried out in aqueous or non-aqueous media by
spectrophotometric and titrimetric ways depend-
ing upon the compound [13]. The spectroscopic
investigation of some azo dye showing tautomer-
ism depending upon the alkanity of the media are
particularly interesting [14,15]. Our study was
carried out using potentiometric titration in non-
aqueous media since the azo dyes prepared were
soluble in organic solvents.

0143-7208/99/$—see front matter © 1999 Elsevier Science Ltd. All rights reserved.

PII: S0143-7208(98)00077-1



144 M. Kurtoglu et al. | Dyes and Pigments 41 (1999) 143—147

In this study, acetonitrile solutions of some of
the azo dyes containing various functional groups
(=Cl,-NO, , —CHj; , —OH) were potentiometrically
titrated with percholoric acid solution in acetoni-
trile. The structures of the azo compounds syn-
thesised are listed in Table 1. The fact that these
azo compounds are weakly basic necessitates the
utmost care for their titrations. Acetonitrile, with
a dielectric constant of 28.6, is a suitable non
aqueous solvent for the titration of azo type dyes
[16].

Azo dyes can exist as azo compounds or hydra-
zone compounds or their mixtures. Products from
aminohydroxynaphthane-sulfonic acids are mostly
formulated only as azo compounds or azo-hydra-
zone tautomerism is consciously omitted. Fedorov
observed that monoazo dyes derived from chro-
motropic acid (4, 5-dihydroxy-2, 7-naphthalenedi-
sulfonic acid) exist exclusively in the hydrazone
form, while bisazo dyes are in the azo configura-
tion [17].

Some time later, work was reported on the
crystal structure determination of six azo pigments
derived from B-naphthol. In the first three of these
structures the accuracy of the work was insuffi-
cient to detect the hydrogen atoms, and the mole-
cular configuration was assumed to be that of
formula I. In the other three studies the accuracy
of the work was improved and the positions of the
hydrogen atoms were determined. These indicated
that the ‘azo’ bond did not occur and the bridging
was really due to a ‘hydrazone’ bond (II) [18].

OH
R e
O N=N_® - _N—NH_®
L) ) R

I 11

Figs. 1 and 2 show the titration curves for two
azo dyes, namely 4-(3’-chlorophenylazo)-1-naph-
thol and  4-(2'-methyl-5'-chlorophenylazo)-1-
naphthol.

Using these curves the half neutralisation
potentials (HNP) were determined and their pKa
values were calculated. In the calculation of pKa
values 59 mV was taken as equal to 1pKa unit.
The half neutralisation potentials (HNP) and pKa

values of the azo dyes investigated are listed in
Table 1.

2. Experimental
2.1. Apparatus and chemicals

The titrations were carried out using an Orion
model SA 720 digital pH meter having combined
glass and calomel electrodes, with a magnetic stir-
rer and a semi micro burette with divisions of
0.01 ml. The internal KCI solution of the calomel
electrode was modified for the non aqueous media
[19].

The azo dyes were synthesized and dried in
accordance to the literature [16,20]. All the che-
micals and the solvents used in the study were
purchased from Merck and used without further
purification.

The azo dye solutions were titrated immediately
after their preparation.

3. Results and discussion

The factors effecting the basicity of the com-
pounds can be classified as follows:

1. inductive effects (substituent, alkyl and aryl
effects);

ii. steric effects (F-strains and B-strains);

iii. solvent effects [9] (dipole moment, dielectric
constant, acidity and basicity);

iv. hydrogen bonding;

v. resonance effects [21,22].

In this work it was observed that the inductive
and resonance effects had a strong influence and
that hydrogen bonding had weak effect on the
basicity of some of the hydroxyl azo dyes in acet-
onitrile.

The —N = N- group is a weakly basic. However
the basic character of this group is not greater
than that of water due to resonance and inductive
effects of the benzene ring. The potentiometric
titration of this type compounds can conveniently
be carried out in suitable organic solvents. Azo
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Fig. 1. Titration plot of 4-(3'-chlorophenylazo)-1-naphthol with HCIO, in acetonitrile.
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Fig. 2. Titration plot of 4-(2’-methyl-5'- chlorophenylazo)-1-naphthol with HCIOy, in acetonitrile.

compounds are generally represented by an azo
form; however, some of them show azo-hydrazone OO —_—

tautomerism. A number of spectroscopic data

have established that azo dyes, can exist in solu- N,N_® N_NH@
tion as hydroxy-azo or as quinone-hydrazone

tautomers. Generally, the ratio of the azo-form to

the hydrazone-form is much higher in organic Azo form Hydrazone form
solvents than in water, the hydrazone is favored
by water and the azo by polar organic solvents Azo form hydrazone form since the electron

[23,24]. density at the nitrogen atom attached to the phe-
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Table 1

pKa values and half-neutralisation potentials (HNP) of azo dyes titrated potentiometrically with HCIO, in acetonitrile

Compound HNP/mV pKa

NP/m
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o I\
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nolic ring in the azo dyes I, IV, VII, X and XIII is
less than the electron density of the other nitrogen
atoms of the azo group due to the electronic effect
of the p-nitro group, it quite possible that the
nitrogen atom of —N=N- group attached to the
ring can be protonated. In the case of 1-naphthol
dyes (I1, V, VIII, XI, XIV) it is possible to say that
the nitrogen atom attached to the naphthalene
moiety is protonated by analogy with their close
similarity to the phenolic dyes. When 2-naphthol
dyes (IIT , VI, IX, XII, XV ) are investigated the
nitrogen atom attached to the substituted benzene
ring may also establish intramolecular hydrogen
bonds with the O-H group of the 2-naphthol in
addition to the phenolic or 1-naphthol dyes. Due
to both the effect of the substituent groups and the
formation of hydrogen bonds, it is highly probable
that the nitrogen atom of the azo group may be
protonised during its titration with perchloric
acid.

The titration results revealed that the most suitable
solvent for these type of titrations was acetonitrile.
The basicity order of the coupling components in

acetonitrile was 2-naphthol > phenol > 1-naph-
thol. The pKa values of compounds IV, v and VI
obtained by coupling with phenol, 1-naphthol and
2-naphthol to 3-chloroaniline were 3.52, 3.82 and
3.37, respectively. The azo compound V was
0.3pKa more basic than the azo compound IV
and the azo compound V was 0.15 pKa more basic
than VI. The basicity order of the compounds
obtained by coupling the diazonium salts of ani-
line derivatives with phenol was found to be VII
> X > 1 > 1V > XIII. The —-CHj3 group present
in compound VII increased the basic character
due to its electron donating ability. On the other
hand the —-NO, group on compound VIII which
withdraws the electrons on the -N =N- group by
both inductive and resonance effects caused a
decrease in basicity. Although Cl~ on o-position
withdraws electrons due to its inductive effect, it
also donates electrons by resonance. On the other
hand CI~ at the m-position only withdraws elec-
trons by the inductive effect, which in turn
decreases the basicity since there is no resonance
effect at this position.
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The basicity order of the compounds derived
from 1-naphthol was found to be VII > XI > V
> II > XI. The azo dye containing a —NO, group
in this series shows a lower basic character com-
pared with the other dyes. The order of basicity
for the azo compounds obtained from 2-naphthol
after the titration carried out in acetonitrile was:
IX > XII > III > VI > XV.

One important finding of this study is that the
azo compounds synthesized from 2-naphthol
showed less basic character than those synthesized
from 1-naphthol. For instance compound XV is
more basic than compound XIV. This difference
can be attributed to intra-molecular hydrogen
bonding factors. In other words the N---H---O
hydrogen bond formed between the nitrogen atom
in -N=N- and the hydrogen atom of the hydro-
xyl groups blocks the unpaired electron pair on
the nitrogen atom, thus decreasing the basicity.
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