
The structure of azodyes has attracted considerable attention
in recent times due to their wide applicability in light-induced
photoisomerisation.4 The structural properties of azo com-
pounds were elucidated by various spectroscopic and photo-
chemical methods, including UV-visible absorption,
femtosecond time resolved absorption,5 IR, Raman,6 NMR,7

as well as by theoretical modeling, utilising semi-empirical
and ab initio methods.8

Accordingly, the main objectives for carrying out the pre-
sent investigation are 3-fold: (1) The study of the UV-visible
spectra of 4-(substituted phenylazo), 3-hydroxy [(benzyl-
idene) dithio] diacetic acids, using solvents of various polari-
ties and basicities; (2) analysing and understanding the
contribution of different solvent parameters in affecting the
electronic spectral properties of the substituted azo com-
pounds, utilising a multiple regression technique; and (3) a
critical comparison of the experimentally observed electronic
spectra with the theoretical semi empirical computations.

The title compounds were synthesised and their structures
identified by their infrared and 1H NMR spectra and elemen-
tal analyses. The electronic spectra of the title compounds
were recorded in different organic solvents within the wave-
length range 200–800 nm on a Perkin Elmer Lambda 4B
UV/VIS Spectrophotometer, using 1 cm match fused silica
cells at 25°C. The solvent effects on the spectra of the investi-
gated compounds in different organic solvents have been
analysed by the multiple linear regression technique,14,15

using Eqns (1) and (2).
The electronic spectra of compounds under investigation

showed a band that is attributed to the π– π* transition, within
the aromatic nucleus and shifted in response to the solvent
properties. The spectra also showed two bands; the first
appeared at 345–395 nm, B1, and the second at 381–487 nm,
B2. These two bands are ascribed to the absorption of hydro-
gen-bonded solvated complexes,23 which include intra- and
intermolecular charge transfer transition (CT). The solvent
effect on the position of the CT bands (Table 1) reveals that
this band acquires a red shift on changing the solvent from
dioxane →  EtOH → DMF → AN → EA → Ac → DMSO
and EtOH → EA → DMF → Ac → AN → DMSO for B1 and
B2 bands, respectively. The shorter wavelength band, B1, is
attributed to the absorption of the intramolecular hydrogen
bonding structure. The longer one, B2 is assigned to the inter-
molecular hydrogen bonding structure, as shown in Figure 2.

In order to account for the three types of dominant solute-
solvent-solvent interactions from the cavity effect,25 the avail-
able values of the solvent parameters and the electronic
transition energies of the CT bands, E (eV), Table 2, were sub-
jected to multiple linear regression analysis by applying Eqns
(1) and (2). The important statistical correlation data were

selected and collected in Table 4. The data show that the shift
in the experimental electronic transition energies of the B1
bands of Ia c–j compounds might be affected by the empirical
solvent polarity, E*; the permanent solvent dipole – permanent
dipole interactions, N, as well as the solute permanent dipole
– solvent induced dipole interaction, M. The dipolarity and
HBD acidity of the solvent EN

T; the solvent dipolarity – polar-
isability, π*; and the solvent hydrogen bond acceptor basicity,
β, parameters constitute the fundamental influences of the
total solvent effects on the electronic transition energies of the
CT band B2, of the title compounds.

Figure 3 represents the correlation between the solvent
experimental proton affinities PA (eV)28, and the electronic
transition energies, E (eV) of the band, B2, of the spectra Ic,
d, i–j. In this sense, it is quite interesting to note that the max-
imum point corresponds to EA solvent at PA = 8.7 eV. This
maximum might be assigned to the critical behaviour, where a
ca � 50% proton transfer complex exists.29 The left hand side
of the critical region represents the molecular complexes
while the right hand side might be assigned to the proton
transfer ones. These results indicate that the stated mode of the 
specific interactions of certain organic solvents with the inves-
tigated azo-compounds is in a good agreement with the gen-
eral mechanistic features, previously reported.29,30

It has been found that the substituent influences on the posi-
tion of band B1, denotes a high conjugation in the molecule;
i.e., a planar form is apparent confirming the stability of the
intramolecular hydgen-bonding structures. Ideally, the fact is
substantiated by correlating the E (eV) of B1 bands against
Hammett � constants. Comparable good correlations are found
for compounds having the substituent (X=4'-H; 4'-OH; 3'-OH;
4'-OCH3; 4'-COOH and 4'-NO2) in dipolar aprotic solvents,
EA, (E (ev) = -0.043 σ + 3.21); Ac and DMSO. Linear corre-
lations with negative slopes and correlation coefficients,
R equal to 0.86; 0.82 and 0.82 in EA, Ac and DMSO, respec-
tively, are obtained. This indicates that the resonance, as well
as inductive effects of the ring substituent of phenylazo moiety,
influenced the stability of the intramolecular hydrogen-bond-
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Fig. 3 The correlation between the solvent PA and E (eV) of
B2 band of compounds Ic, d, h–j in different organic solvents



ing structures of these compounds. Thus, the effect of molecu-
lar conformation on the electronic properties indicates that it is
possible to form an intramolecular hydrogen bond, resulting in
two conformations co-existing in tautomeric equilibria in solu-
tions, as indicated in Fig. 5(a) and (b).

The electronic transition energies, as well as proton transfer
activation barriers of hydrazo- and azo-like forms, based on the
optimised molecular geometry, using the semi-empirical meth-
ods, AM1 and MP3 were computered. It has been found that
the optimised azo tautomeric structures of the title compounds
have a higher calculated heat of formation, ∆Hf as compared to
those of the hydrazo-structures (Table 5). Table 5 shows that
the Ecalc of azo and hydrazo tautomers, using the AM1 method,
are all overestimated, as compared to the EΟ values of both B1
and B2 bands, however, ECalc values of the hydrazo-conformer,
using PM3, are all underestimated. The semi empirical PM3
method gave a better picture34 for the variation of the proton
transfer energy barriers, ∆EPT, with changing the structure. The
observed lower ∆EPT values might be ascribed to the higher
abundance of the planar azo-tautomer, i.e. structure (a), while

the higher -∆EPT values to the higher abundance of the non-
planar hydrazo-tautomers, structures, (h)–(j), in which the
ortho/substituents have adopted/trans orientation to the – N=N–
moiety, as previously reported32-33.

The correlation between EO values of CT band B2 of the
compounds, Ia–d, f, h, and the ECalc for the azo- and hydrazo-
conformers, shows that both EO and ECalc for azo- and
hydrazo-like forms of such compounds using AM1 and PM3
methods, are correlated linearly with little degree of accuracy.
The best correlation is obtained for ECalc of the hydrazo-tau-
tomer, using the AM1 method, (ECalc = –0.0987 EO + 3.2576
and R = 0.83), as compared to those calculated using the PM3
method. On the other hand, the best correlation is obtained for
the calculated proton transfer energy barriers between azo-
and hydrazo-tautomer, ∆EPT, using the PM3 method, for com-
pounds, Ia, c, d, f, h, and I, with the observed EO values of the
CT band B1 (∆EPT = –0.909 EO + 3.0399 and R = 0.90) as
compared to those calculated, using the AM1 method.
Therefore, these results pointed to the fact that the semi empir-
ical AM1 and PM3 approaches might be used as a tool for 
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Table 4 The correlation coefficients of the solvent parameters with the electronic spectral bands (n – π*) of the different compounds.

Band B1 B2

Equation E = Eo + eE* + nN + mM + kK E = Eo + hδ2
H /100 + eEN

T + sπ∗ + bβ

Parameter E*, N, M EN
T, π∗ , β

Compound R Eo e -n -m R Eo e -s b

Ia 0.958 2.511 0.035 0.570 2.372 0.998 2.840 0.594 1.087 0.732
(4'-H) (�0.50) (�0.06)

Ib 1.000 2.733 0.904 1.065 0.656
(4'-OCH3) (�0.01)

Ic 0.962 2.632 0.029 0.510 1.626 0.994 2.892 0.529 1.159 0.801
(3'-CI) (�0.40) (�0.11)

Id 0.966 2.323 0.037 0.599 1.912 0.999 2.882 0.474 1.039 0.681
(3'-OH) (�0.46) (�0.03)

Ie 0.965 2.569 0.033 0.553 2.169
(4'-OH) (�0.43)

If 0.953 2.498 0.035 0.567 2.136 1.000 2.717 0.845 1.031 0.669
(4'-COOH) (�0.52) (�0.02)

Ig 0.952 2.371 0.037 0.586 2.231 0.992 2.881 0.511 0.236 0.537
(4'-NO2) (�0.60) (�0.06)

Ih 0.966 2.616 0.028 0.467 1.627 0.998 2.934 0.558 1.170 0.697
(2'-CI) (�0.35) (�0.05)

Ii 0.942 2.449 0.032 0.528 1.392 0.992 3.040 0.389 1.226 0.720
(2'-COOH) (�0.54) (�0.12)

Ij 0.930 2.571 0.031 0.518 1.668 0.999 2.716 0.861 0.987 0.627
(2'-NO2) (�0.57) (�0.03)

(a)

Azo-form

(b)

Hydrazo-form



predicting the proton transfer energy barriers of the equilib-
rium between azo- and hydrazo-like forms in the gas phase of
the title compounds with a certain degree of accuracy.
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