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ABSTRACT

The electronic absorption spectra of
nine azo and azo-azomethine compounds are
investigated in different organic soclvents.
The spectral bands have been assigned and
the position of the charge transfer band
(CT) is related to both the microscopic
solvent polarity parameters viz Z and E
or the macroscopic one viz £f(D),D-1/D#l,

& (D) and £(n). The solute-solvent specific
association play an important role in
shifting the -spectral band where the empri-
cal parameters & and P give a linear
relations for HBD and HBD-A solvents. The
molecular structure of.the compounds is
studied by the IR and "H NMR spectra. The
electronic spectra of the compounds are
investigated in universal buffer solutions
of pH range 2-12, containing 407 (v/v)
ethanol and the ionization constants for
the various compounds are determined and
discussed in relation to molecular structure.

INTRODUCTION
The absorption spectra of azobenzene and its deriva-

tives have been the subject of many investigations [1-5].
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However little attention has been given to the azo-azomethine
dyes {6-7] and not much is reported about the solvent influence
on azc and azo-azomethine spectra. The spectral behaviour of
azodyes in acid and alkaline media as well as the determination

of the pKa values were also performed {8,9].

The present investigation aimed to assign the electronic,
IR and lH NMR spectral bands of some azo and azo-azomethine
dyes and discuss the spectral behaviour, in organic solvents
and in buffer solutions containing 40% (v/v) ethanol, in the
light of the molecular structure. The pKa values of the

compounds have been determined.

EXPERTMENTAL

Material and Solutions

The azodyes were prepared by coupling a cold sclution
of l-amino 2-naphthol-4-sulphonic acid (0.01 M) in HC1 and
NaNO2 with 0.01 M of 2,4—dihydroxybenzaldehyde, 2,4-dihydroxy-
benzoic acid or salicylaldehyde in NaOH solution. The solid
products obtained in acid form were crystalized from methanol.
The azo-azomethine derivatives werc obtained by condensation
of the appropriate azodye with the aniline derivatives and
the products wvere crystallized from meihanol. The compounds

prepared ha .+ the following structural formula:
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The solvents were obtained from commercial sources
and purified according to recommeded procedures [10]}. The
buffers used for pH control were members of the universal
series of Britton [11]. 10”3M solutions of the dyes were
prepared by dissolving an accurate weight of the recrysta-
1lized product in appropriate volume of pure solvent.
sSolutions for spectral measurements were obtained by
accurate dilution of the stock ones. The media in buffers
usually contain 407 (v/v) ethanol. The measured pH's were

corrected as recommended by Pates and Rodinson .[12].
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APPARATUS

The electronic spectra, at 25°C, were recorded within
the range 190-700 nm Perkin-Flmer ASB spectrophotometer
using | cm matched silica cell. The IR spectra were recorded
on a Perkin-Elmer 683 IR spectrophotometer while the 1H NMR
spectra were obtained with a Varian EM 390-90 MHz spectro-
meter using DMSO—d6 as a scolvent and TMS as internal
reeference. The pH measurements were cérried out on an Urion

research pH-meter model 601l4/digital Ionolavzer

RESULTS AND DISCUSSTON

Spectra in FEthanol and Cvclohexane:

The electronic absorption spectra of the monocazo and
azo~-azomethine compounds (I-IX) were recorded in polar
(ethanol) and nonplar (cvclohexane) solvents within the
wavelength range (190 - 500) nm. The spectra of these
compounds in ethanol display mainly Four ahsorption
bands (A, B, C, and D) in addition to one shoulder (C.F.
Table 1).

Inspection of the data cited in this Table, These
bands can be classified into two sets: firstly, the uv set
of the brnds corresponding to thel - 7% transitions withina
the phenolic and naphthoic moeities which are slightly
influenced by the nature of substituents and colvent
pelarity. The second set of bands aprearing in the risible
region can be ascribed to the excitation of the/T-clectrons

of tii» azo group influenced by a charg~ transfer (U7) intar
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action taking place through the whole molecule originating

from the OH group as a source and terminating to the S = 0

group as sink which can be represented as follows:-

The CT nature of the band can be confirmed also by hypso-
chromic shift caused from the substituent (X) of electron
withdrawing character of COOH group compared to the donor
one of OCH3 group. The study of the spectral behaviour in
buffer media of varying pH's (Fig. 1) indicates that the

CT band displays a bathochromic shift with increasing the

pH of the medium due to ionization of the OH group.

Solvent Effect

The spectra of all compounds, recorded in different

solvents of varying polarities, (e.g. Fig. 2) showed that

the bands due to local exitations of the phényl:groups or

naphthyl moieties displayed slight solvent effect. While
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the behaviour due to the n -- * transition (of the N=N or

C=0 groups) exhibits a blue shift inhydroxylic solvents
relative to hydrocarbon ones. However the shift in the

CT band position can be discussed in terms of the macro-

scopic solvent polarity via dielectric constant or refractive
index of the media. These are governed by the relations given
by Szalay [13] in which a plot of (cmnl) vs D-1/D+1 gives

a non linear relation; Also, the more precise functions éiven
by Suppan [14] in which max of the CT band is plotted vs

£(D) = D~1/2D+1 or (D) = D-1/D+2 giving non-linear relations.
The function of refractive index given by McRoa [15] fz(n)=n—l/n+2
is plotted vs nax where also non linear relation is obtained.
Accordingly, one can deduce that the macroscopic solvent
polarity parameters are not the predominant factors controlling

the change in intramolecular transition energy,

The correlation of the shift in,)\maX of the CT band
with the microscopic solvent polarity parameters viz Z [16],
ET{17] and B[18] (representativr example is given in
Fig. 3) indicates that:
i) The amphiprotic solvent class (HBA-D) gives positive
solvatochromic behaviour for all compounds, except TX,
as the solvent polarity is increased indicating the destabi-
lization of the ground state cf the molecules consequently
a decrease 1u electronic transition energy is expccted to
occure.
ii) The linear relations obtained for a group of sslvenrs

of the same class confirm that there is a difficulty in
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obtaining single solvent pelarity parameters controlling the

shift of the band.

T1I) The plots of Amax witho{or B-scale of solvent polarity,
which measure the H-bonding strength for both the H-bond
acceptor {HBA) and hydrogen bond donors (HBD) solvents
respectively, are straight lines with slight deviation

for some solvents {Fig.3 ). This denotes the specific
solute- golvent ;interaction which involves essentially the
change in solvation energy on going from the ground state
to the exited one, or propable formation of intermolecular

hydrogen bonding.

Accordingly, the shift in the CT band is actually
the net resultant effect of the bathochromic shift due to
increased polarity of the solvent and the hypsochromic

shift due to intermolecular H-bond interaction.

Spectra in Buffer Solution

The absorption spectra of the monoazo and azeo-azo-
methine compounds in aqueous buffer solutions containing
40% (v/v) ethanol show regular changes with increasing
pH of thé medium especially the CT band, Fig. 1. Generally,
increasing the pH of the medium results in increasing the
absorbénce of the CT band of all compounds along with a
shift in its A to longer wavelength. This indicates that
the ionized species of the compounds appeared and increased

in concentration leading to the bathochromic shift.
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The variation of absorbance with pil is utilized for
the determination of pKa of the compounds, Table 2, using
half height [19], limiting absorbance [20] and Colleter
methods [21]. The pKa value of the 803H groups was determined
by the Calvin and Bjerrum [22,23] pH titration technique
using the computation method of Irving and Rossotti {24].
It is evident that the pKa value are related to the molecular
structure of the compounds. Thus, the'pKa value of compound
T is the highest for the monoazo compounds, whereas that
of VIII is the lowest one for azo-azcmethine  dyes. This
is attribnted to the =teong intramolecular H-bonding of
the OH group orthn to the N=N of monnazodyes or the weaker

one for azo-azomethine dyes .

IR Spectra

The TR spectra of the compounds under investigation
were recorded as KBr discs; the i’(cm ') of the important
bands are collected in Table 2. The band assignment is
achieved by a method indentical to that of Looker [25] and
by comparison with compounds having identical structures
to parts of these molecules. From the wavenumbers of the
different bands, the following points can be revealed (i)
In the 35N0-3290 crn_1 range, the spectra of azo compounds
I-11T dispiay the))OH
group whereas that of ‘he azo-azomethine compounds I¥-7X

vibration band of the phenulic 7|

in 3400-3300 cm ! range. ine assymmetric N=N band lics
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in the range 1435-1445 cm_1 whereas that of Lhe.LéH=Nvihraticn
in the range 1570-160% em™'. The low frequency values and

the broadening of these bands denote that the OH as well

as the N=N end CH=N groups are involved in an intramolecular

H-bond:

SCEH

(1) The band position of the CH=N group of compounds
TV-VI, VIII and IX is shifted accerding to the nature
of the substituent groups at the ortho position to the

CH=N linkage.

1H HMR Spectra
The signals of the 1H NMR spectra of the compounds

are given in Table 3. The spectra are given after deutera-
tion by D20 in which the signals duerto 0H, 303H and COOH
groups are remaved. The signals of the CH group at 1.2 and
hi-pogiticns nas a chemical shift at 7.26-7.03.7.33-6.73

and 6.40-6,13 ppm ranges recpectively. The higher field

of the OH signal indicates a veaker intramolecular hydrogen

bond, which {s attributed to the acceptance character ~f



1720

Deita J. Sei. 16 (1) 1992

Flectronic, Tnfrared

the substituents 4~803H, CHC or CQOH groups which lower

the contribution cf the nitrogen ions pair ro the intra-
molecular hydrogen bondirg. Accordingly, the signal of

the 0.0 group of the phenyl-azomethine ( &= 9,34 ppm)

ot that of 0-COOH group ( &= 10.96~9.35 pom range) are
relatively at lower field i.e. forming stronger intra-
molecular H-bonding. Multible signals of the aromatic
protons nf the phenyl or naphthyl rings appear at & =5.80-
7.13 ppm. It is clear, generally, that the aromatic protons

HL6, H17 or Hll (compound II) as well as H]S —Hél

{compounds
IV-IX) have signals of wide variation in chemical shift
depending on the nature of the substiluent groups attached

to the ring.
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Amax  Smax Amax Cmax Pmax Smax Amax €max
EL ek 208 2.10 230 .73 276 1.6% 312 1.58
Cveloherane 2195 3 230 S 274 -y Jie 5
E L0 202 1.04 230 1.03 270 0.64 3I20 9.59
Cyalohexane 203 s 244 3 270 - 330 &
E 0 204 1.10 230 1.08 273 0.97 1T 0.73
Cvoiclexane 204 o 240 g 7% 33¢ s
ErOH 204 1.80 230 1.40 275 0.43 313 G.78
Cyclerexana 214 5 235 S 270 [ I35 5
EtOH 2lé 1.20 230 0.64 275 0.40 213 o©.22
Cyciohexane 220 s 243 ¢ 275 s 330 @
I L GM 208 t1.26 233 0.98 270 C¢.64 11X 0©.52
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Table{2): The assigrnment of

pKa values of the

the frequencies(cm™!) of IR bands and

free ligands.

Compound ,J0H JCH JC=0 JCHwN JCN ,JN=N JJoCH3 §O0H pMSO3H o0 Hem i
1 3290 2980 —- - 1550 1440 = 1395 1330 1255 745 B
1130
X 3500 3000 -- - 1550 1437 ~- 1385 1345 1265 755 &,
1145
IIr 3300 2880 1686  -- 1550 1485 __ 1380 122 1260 750 6,
1140
v 31400 2470 -- 1620 1540 1440 -- 1395 1334 1240 765 1.
1124
v -- 2935 1730 1627 1545 1442 -- 1390 1310 1265 765 @
1145
vi 3396 3020 -- 1615 1546 1440 1450 1390 1345 1265 770 9.
1115
vII 31360 2900 -- 1605 1547 1435 - 1390 1340 1267 745 9.
1140
VIII 3400 2800 1730 1625 1545 lazg - 1385 1340 1267 755 5.
1135
Ix 3390 3000 ~- 1670 1545 1440 1440 1390 1345 1265 755 6

1145
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le {2 ): Assignment of the IHNHR spectra of 2zo and azo-methine compounds (I-IX).
| Chemical Shift {pgm)
| --— - L A S -
doHy o My Hy o Hy Mg Hg Wy Hg Mg By Aromatic Bands

?7.1 35.50 7.2 6,3 9.63 - .- -- -= - 7.34, 7.56, 7.7,2.0%, .1~
8.3, 8.5

}?.26 5.5 -- 6.13 8.97 -— -- .= -- -~ 7.4, 7.53, 7.6, 7.7, 7.8,
7.83, 7.95, 8.2

7.1 4.6 7.3} 6.36 - 10.1 -~ -- - -~ 7.4, 7.45, 7.83, 7.83, 8,
8.2, 8.3

7.06 5.5 7.23 6.4 -- -- 9.8 9,034 -~ -- 7.4, 7.33, 7.45, 7.53, 7.7
7.8, 7.83, 8.1, 8.2, 8.4,

- 8.5, B.73

7.034 4.76¢ 6.73 6,3 -- - 9,73 -- 10.96 -- 7,13, 7.16, 7.2, 7.26, 7.4

’ 7.33, 7.66, 7.7, 8.075, 8.1
3.2

7.020 4,86 7,13 6.3 - - 9.43 - -~ 4,36 7.36, 7.5, 7.53, 7.63, 7.66
7.8, 7..6, B.1, 8.2, 8.23

. 8.3

7.200 4.3% -- 6.35 - - - -- -- -~ 7.35, 7.4, 7.5, 7.55, 7. 7
7.79, 8. 15 8,2, 8,22, 8.

i B.6, 8.45

7.100 5,20 .- 6.3% .- -= 9,66 -~ 9,35 .- 7,36, 7.4, 7.55, 7.6, 7.8,
7.96, B.16, 8.26, B.36, 8.6
8.73, 8.8

7.034 5,20 - 6.40 - -- 4.40 -~ - 4.43 7.3, 7.43, 7.46, 7.6, 7.66,
7.7, 1.4, 7.961, 8.03,
8.035, 8.16, 8.3
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Spectra O Compound (I11) In Buffer Solutions.
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