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Solvent Effects on the Electronic Spectra of Some Heterocyclic Azo Dyes
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The influence of solvent polarity on the absorption spectra of some synthesized azo dye with heterocyclic
moieties and -naphthol (1-3) have been investigated using a UV-Visible spectrophotometer. The spectral
characteristics of the azo dyes (1-3) in different solvents at room temperature were analyzed. The solvatochromic
empirical variables like *, , and  have been used to discuss the solvatochromic behaviour of the dyes and to
evaluate their contributions to the solute-solvent interactions. A multi-parameter regression model for
quantitative assessment of the solute/solvent interaction and the absorption has been used to explain the solvent
effect on azo dyes (1-3). 
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Introduction

The solvent effect on spectra, resulting from electronic
transitions, is primarily dependent on the chromophore and
the nature of the (*, n*, *, n* and charge-
transfer absorption) transition. The electronic transitions of
particular interest in this respect are * and n* as
well as charge transfer absorptions. Solvatochromism is
caused by differential solvation of the ground and first
excited state of the chromophore. The positive solvato-
chromism is due to the increase in stability of the excited
state with increasing solvent polarity. Similarly the negative
solvatochromism is due to better stabilization of the mole-
cule in the ground-state relative to that in the excited state,
with increasing solvent polarity. In this context, “first ex-
cited state means the so-called Franck-Condon excited state
with the solvation pattern present in the ground state. 

The solvent-dependent spectral shifts can arise from either
nonspecific (dielectric enrichment) or specific (e.g. hydro-
gen-bonding) solute-solvent interactions. The solvent effect
can be determined by solvent polarity scale or solvato-
chromic parameters.1 Solvent polarity is a commonly used
term related to the capacity of a media for solvating neutral,
charged, polar and apolar species. Attempts to express it
quantitatively have mainly involved solvent properties such
as relative permittivity, dipole moment, or refractive index,
but these parameters cannot effectively account for the
multitude and specific interactions of solute-solvent on the
molecular-microscopic level2. Spectroscopic solvent polarity
parameters have been derived from solvent-sensitive standard
compounds absorbing radiation in spectral ranges correspond-
ing to UV/Visible, IR, ESR, and NMR spectra.3-7

Among the single-parameter approaches, the ET(30) scale
as one of the more comprehensive solvent scales. ET(30)
values are based on the negatively solvatochromic pyridi-
nium N-phenolate betaine dye as the probe molecule. The

parameters are simply defined, in analogy to Kosower's Z-
values,8 as the molar electronic transition energies (ET) mea-
sured in kilocalories per mole (kcal/mol) at room temper-
ature (25 oC) and normal pressure (1 bar),9 and can be deter-
mined by Eq. (1).

ET(30) = 28591.5/max (nm)  (1)

where max is the wavelength of the maximum of the longest
wavelength of * absorption band of betaine dye.10

In spite of the observation that single empirical parameters
may serve as good approximations of solvent polarity in the
sense defined, there are many examples of solvent-sensitive
processes known, which cannot be interrelated to one em-
pirical solvent parameter. However, multi-parameter solvent
polarity scale for quantitative assessment of the solute/
solvent interaction and the absorption shifts can be used. The
effect of solvent polarity on the absorption spectra are
interpreted by means of linear solvation energy relationship
(LSER) using a Kamlet-Taft equation.11

(2)

where * is a measure of the solvent dipolarity/polarizability,12

 is the scale of the solvent hydrogen bond acceptor (HBA)
basicities,13  is the scale of the solvent hydrogen bond
donor (HBD) acidities14 and  is the regression value of the
solute property in the reference solvent cyclohexane. The
regression coefficients s, b and a (Eq. 2) measure the relative
susceptibilities of the solvent-dependent solute property (ab-
sorption frequencies) to the corresponding solvent parameters.

Azo dyes are normally known to show a positive solvato-
chromism.15-22 The first examples of negative solvatochromism
in neutral azo dyes containing both strongly electron-donating
and -withdrawing moieties were reported by Kim et al..23

Recently Mohammadi and coworkers24 prepared five azo
disperse dyes and studied the electronic absorption spectra
of dyes in fifteen solvents with different polarities at room

 = 0 +s* + b + a

0
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temperature. The solvent dependent maximum absorption
band shifts were investigated using dielectric constant (),
refractive index (n) and Kamlet-Taft polarity parameters
(hydrogen bond donating ability (), hydrogen bond accept-
ing ability () and dipolarity/polarizability polarity scale
(*). Acceptable agreement was found between the maximum
absorption band of dyes and solvent polarity parameters
especially with and *.

The aim of the present work is to investigate the influence
of solvent polarity on the UV-Visible absorption spectra of
some synthesized azo dye using heterocyclic moieties and -
naphthol (1-3) to evaluate the intermolecular interactions
occurring in solutions. The spectral characteristics of the azo
dyes (1-3) in different solvents at room temperature were
analyzed. The solvatochromic empirical variables like *, ,
and  have been used to discuss the solvatochromic behavi-
our of the dyes and to evaluate their contributions to the
solute-solvent interactions.

Experimental Section

Azo dyes using heterocyclic moieties (1-3) were prepared
by the method reported earlier.25 Spectroscopic grade solv-
ents (Merk) were used throughout the experiment. Stock
solutions of the dyes (1 × 103 M) were prepared in meth-
anol and its concentration in the experimental condition was
maintained at 5 × 105 M. Absorption spectra were recorded
on Shimadzu-160 UV-Visible spectrophotometer at 300 K
with sensitivity ± 0.1 nm.

Results and Discussion

Electronic Absorption Spectra. The electronic (UV-
Visible) spectra of heterocyclic azo dyes (1-3) were investi-
gated in various solvents at a concentration of ~105 M. The
different types solvents selected are (i) polar protic solvents
such as methanol, ethanol, n-propanol, n-butanol and sec-
butanol (ii) polar aprotic solvents such as dichloromethane,
acetone, acetonitrile, ethyl acetate, DMF and DMSO and
(iii) nonpolar solvents such as hexane, benzene, toluene,
dioxane, chloroform and diethylether. The values of max of
the azo dyes (1-3) in different solvents are summarized in

Table 1. The characteristics visible spectral band (max)
appears in the range 485-528 nm depending on the nature of
the solvent. The electronic spectra of the dye 1 in different
class of solvents (polar protic, polar aprotic and nonpolar)
are given in Figure 1.

The data of Table 1 reveals that the absorption maxima of
the dyes (1-3) are affected by solvent type and has a
maximum shift of  = 35 nm for the solvents used in this
work. Thus this change in spectral position can be used as a
probe to analyze various types of interactions between solute
and solvent. The electronic spectra of these dyes in visible
region is due to * transition involving the whole -
electronic system. In acid media, an n* band disappears
due to protonation of the lone pair. The protonation may
increase the excitation energy to an extent that the band may
shift far out into the UV region and not be observed. In this
case the possibilities of n* transition is ruled out as the
max does not change in acidic condition. 

The broadness in the electronic spectra suggests the ex-
istence of a considerable charge transfer (CT) character.26-28

The charge delocalization seems to originate mainly from
the naphthyl to heterocyclic moiety, which acts as an elec-
tron acceptor. Amrallah and coworkers26 have reported similar
behaviour for the UV-Visible spectra of some aryl azo
barbituric acids and aryl azo pyrimidine in pure and mixed
organic solvents of varying polarities. This band is red
shifted when passing from the non-polar solvent (n-hexane;
max = 485 nm for dye 1, 494 nm for dye 2 and 496 nm for
dye 3) to polar solvent (DMSO; max = 498 nm for dye 1, 511
nm for dye 2 and 517 nm for dye 3). The solvatochromism is
caused by differential solvation of the ground and Franck-
Condon excited state, due to the absorption of electromag-
netic radiation in the visible region. As the polarity of
solvent increases, the excited state is more stabilized than

Table 1. Absorption maxima (max) of azo dyes (1-3) in organic
solvents at 27 oC

Sl. 
No.

Solvent D n
max in nm

1 2 3

1 Methanol 32.66 1.33 485 499 499
2 Ethanol 24.55 1.36 489 501 502
3 Propanol 20.45 1.38 489 501 500
4 Butanol 17.51 1.4 490 505 500
5 Sec-butanol 16.56 1.4 498 499 500
6 DCM 8.93 1.46 488 499 500
7 Acetonitrile 35.94 1.34 483 496 498
8 DMSO 46.45 1.48 497 511 517
9 DMF 36.71 1.43 518 519 528
10 Acetone 20.56 1.36 484 497 498
11 Chloroform 4.89 1.45 490 501 502
12 Ethyl acetate 6.02 1.37 485 497 497
13 Dioxane 2.21 1.42 486 498 497
14 Toluene 2.38 1.5 492 501 505
15 Benzene 2.27 1.5 491 502 502
16 Hexane 1.88 1.37 485 494 496
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the ground state due to solvation.
The visible spectra of the dyes (1 & 3) exhibit longer shift

in DMF and DMSO compared to other solvents (Table 1).
DMF and DMSO are characterized by their high basicity
and hydrogen-bond accepting ability. By these solvent ex-
cited states of the dyes (1 & 3) is stabilized more compared
to the ground state leading to the bathochromic shift. Rageh
et al. have also observed similar behaviour in DMF and
DMSO while investigating the solvent effect of heterocyclic
azo dyes and azo coumarin dyes.29 They proposed the
formation of solvated complex with DMF and DMSO
molecules through intermolecular H-bonding which is in

accordance with the earlier observation by Ibrahim et al..30

Formation of solvated complex led to the stability of excited
state.

Correlation of Solvent Parameter. The absorption data
of dyes in various solvents were also analyzed with respect
to various polarity scales. For the purpose the absorption
spectra were converted to corresponding transition energy
(Eq. 1) and the data are given in Table 2.

To investigate the effect of solvent on the structural artifact
of the dyes, the transition energy of the dyes (1-3) were
correlated with each other. The transition energy of the dyes
is found to have linear relationship with a slope of 0.666 for
dyes 1 and 2, 1.260 for the dyes 2 and 3, and 0.901 for the
dyes 1 and 3 (Figure 2). 

These slopes refer to the change in solvation pattern of the
dyes. For a specific dye the change in transition energy in
different solvents may be ascribed to the change in the
solvation behaviour, leading to the formation of a solvation-
complex. The slope of the above mentioned plots may be
considered as the ratio of the binding efficiency of one dye
to the other. Accordingly, the solute-solvent interaction of 2
found to be more significant than 1. However, the inter-
actions of 1 and 3 with the solvents have almost similar
characteristics. The structural change in the dyes apparently
substantiates the observations. Fusion of benzo-nucleus with
the thiazole moiety decreases the overall space of interaction
with respect to the substituted phenyl group, while the
presence of electron withdrawing halo-group brings similar
rigidity due to delocalization of lone pair of electrons of the
–Cl group. Further, if the solute-solvent interaction is due to
electronic factors, the benzo fusion on the thiazole nucleus
in dye 1 decreases its electron density due to anellation
effect31 and in dye 3 due to the electron withdrawing –Cl
group. As the solute-solvent interaction is mostly contri-
buted by the polarity of the medium, which is evident from

Figure 1. UV-Visible spectra of azo dye 1 in (a) polar protic, (b)
polar aprotic (c) aprotic solvents at 27 oC.

Table 2. Observed ET of azo dye (1-3) in organic solvent at 27 oC

Sl. 
No.

Solvent ET(30)
ET(Dye) in kcal/mole

1 2 3

1 Methanol 55.4 59.0 57.3 57.3
2 Ethanol 51.9 58.5 57.1 57.0
3 Propanol 50.7 58.5 57.1 57.2
4 Butanol 49.7 58.4 56.6 57.2
5 Sec-butanol 47.1 57.4 57.3 57.2
6 DCM 45.7 58.6 57.3 57.2
7 Acetonitrile 45.6 59.2 57.6 57.4
8 DMSO 45.1 57.5 56.0 55.3
9 DMF 43.2 55.2 55.1 54.2
10 Acetone 42.2 59.1 57.5 57.4
11 Chloroform 39.1 58.4 57.1 57.0
12 Ethyl acetate 38.1 59.0 57.5 57.5
13 Dioxane 36 58.8 57.4 57.5
14 Toluene 33.9 58.1 57.1 56.6
15 Benzene 32.3 58.2 57.0 57.0
16 Hexane 31 59.0 57.9 57.6



Solvent Effects on the Electronic Spectra  Bull. Korean Chem. Soc. 2014, Vol. 35, No. 2     613

the plot of ET(30) verses ET(Dye), the electron donating
polar solvents can bind strongly with dye 1 than the other
two dyes, which happened in the present case. Earlier
Mishra et al. have reported the quaternization kinetics of 2-
amino benzothiazole, 4-phenyl-2-amino thiazole and 4-(p-
chlorophenyl)-2-amino thiazole with phenacyl bromide and
found similar trend in reactivity in nitrobenzene medium.31

When the transition energy of the dyes are compared with
that of the standard pyridinium N-phenolate betaine dye by
plotting against ET(30) scattered plots are obtained (Figure

3). However, from the linearity of some points in the scatter-
ed plots, the solvents can be classified into three distinct
categories i.e. aprotic, polar aprotic, and polar protic solv-
ents. The sensitivities of polarity towards the change in
transition energy in each class of solvents are determined
from the slope of the plots (Table 3).

For dye 1 the trend of sensitivity of the polarity is polar
aprotic > polar protic > aprotic, while for dyes 2 and 3 the
trend is polar aprotic > aprotic > polar protic. The insignifi-
cant contribution of the protic solvents towards the transition

Figure 2. ET of (a) dye 1 vs dye 2 (b) ET of dye 2 vs dye 3 (c) ET of
dye 1 vs dye 3.

Figure 3. Plot of ET (Dyes) with ET(30) for (a) dye 1, (b) dye 2
and (c) dye 3 in organic solvents at 27 oC.
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energy may be ascribed to the strong hydrogen bonding of
the hydrogen of the protic solvents with three nitrogen centers,
one oxygen and one sulfur centers; thereby the contribution
of polar characteristics of the solvent is not sensed properly
by the dyes. Thus the solute-solvent interaction is mostly
due to hydrogen bonding. In polar aprotic solvents, the
solute-solvent interaction is mostly due to polar charac-
teristics and thus the sensitivity is maximum in all the dyes. 

Quantitative Solvent Spectral Relationship. A multi-
parameter regression model for quantitative assessment of
the solute/solvent interaction and the absorption shifts has
been used to explain the solvent effect on azo dyes (1-3).
Using Kamlet-Taft equation (Eq. 2), the effect of solvent
polarity on the absorption spectra has been investigated with
three variables and it was found that the R2 values for all the
three dyes are around 0.59. Thus the regression model
necessitates more number of variables to explain the solvato-
chromism. Fourteen different solvent parameters mentioned
in Table 4 have been obtained from literature.33 Before their
use in regression model their auto-correlation has been
tested through correlation matrix.

For compatibility of the parameters (to bring all the data in
the same scale), instead of ET(30) its normalized values
( ) has been used in the multiple regression analysis.8 The

other parameters are hydrogen bond donocity (), hydrogen
bond acceptor ability (), dipole moment (), dielectric
constant (D), log P, refractive index (n), Taft’s parameter
(*), solubility (), acidity (SA), basicity (SB) and the di-
polarity and polarizability (SPP). 

All the solvent parameters were subjected to regression
analysis to find out the contribution of each parameter
towards the ET values of the dye by using a generalized
regression model (Eq. 3) where the coefficient of the
parameters a………l are the susceptibility of the concerned
parameter towards ET value.

ET = ET0+a+b+c+d+e  + f + gSA + hSB 
+ iSPP + jn + kD + lf + mFf + n log P (3)

The regression coefficient (R2) and statistical F values are
the indicators of the validity of the equation. Increase in R2

and F value indicates the fitness of the regression model.
The statistical ‘t’ test for the appropriateness of the para-
meter to be used in the regression model has also been
considered for selection of the parameter for the regression
model. For optimization of the regression model a successive
exclusion of variable (SEV) technique was adopted wherein
variables with ‘t’ values less than one were deleted in each
successive generation of regression model. 

The multiple regression analysis of the ET values of dye 1
using all the 16 solvent parameters results in a general re-
gression model (Eq. 3) with high R2 value (0.97) and a F
value of 2.326 delineating 99.1% confidence level. How-
ever, the ‘t’ test indicates the inappropriateness of some of
the parameters due to low value (< 1.0). The parameter 
with the lowest value of 0.07 was excluded in the first step
from the regression model and thus a new regression model
was obtained with almost similar R2 value as well as with a
significant increase in F value (4.99). The exclusion ofET

N

ET
N

Table 3. Slope and R2 of the plots between ET (dyes) vs. ET(30) for
aprotic, polar protic and polar aprotic solvents

Solvent
Dye 1 Dye 2 Dye 3

Slope R2 Slope R2 Slope R2

Aprotic -0.073 0.937 -0.1 0.993 -0.128 0.987
Polar protic 0.127 0.976 0.071 0.995 -0.056 0.966
Polar aprotic -0.66 0.991 -0.373 0.988 -0.588 0.982

Table 4. Different solvent parameters used in the present study

Sl. 
No.

Solvent A b  µ  SA SB SPP n D f Ff Log P

1 Methanol 0.98 0.66 0.60 2.87 29.3 0.76 0.61 0.55 0.86 1.33 32.66 0.308 0.74 -0.82
2 Ethanol 0.86 0.75 0.54 1.66 26.0 0.65 0.40 0.66 0.85 1.36 24.55 0.288 0.70 -0.32
3 Propanol 0.84 0.90 0.52 3.09 24.4 0.61 0.37 0.73 0.85 1.38 20.45 0.274 0.67 0.34
4 Butanol 0.84 0.84 0.47 1.75 23.3 0.58 0.34 0.81 0.83 1.40 17.51 0.263 0.65 0.75
5 Sec-butanol 0.69 0.80 0.40 1.66 22.6 0.50 0.22 0.88 0.84 1.40 16.56 0.261 0.65 0.71
6 DCM 0.13 0.10 0.82 1.14 20.2 0.30 0.04 0.18 0.88 1.46 8.93 0.205 0.52 1.15
7 Acetonitrile 0.19 0.40 0.66 3.92 24.1 0.46 0.04 0.29 0.89 1.34 35.94 0.304 0.73 -0.34
8 DMSO 0 0.76 1.00 4.06 26.6 0.44 0.07 0.65 1.00 1.48 46.45 0.263 0.67 -1.35
9 DMF 0 0.69 0.88 3.82 24.1 0.38 0.03 0.61 0.95 1.43 36.71 0.274 0.69 -1.10
10 Acetone 0.80 0.48 0.62 2.69 22.1 0.35 0 0.47 0.88 1.36 20.56 0.284 0.69 -0.24
11 Chloroform 0.20 0.10 0.58 1.15 19.5 0.25 0.05 0.07 0.77 1.45 4.89 0.150 0.39 1.94
12 Ethyl Acetate 0 0.45 0.45 1.78 18.6 0.22 0 0.54 0.80 1.37 6.02 0.199 0.49 0.73
13 Dioxane 0 0.37 0.49 0.45 19.7 0.16 0 0.44 0.70 1.42 2.21 0.020 0.12 -0.42
14 Toluene 0 0.11 0.49 0.31 18.8 0.09 0 0.13 0.66 1.50 2.38 0.013 0.12 2.69
15 Benzene 0 0.10 0.55 0 18.8 0.11 0 0.12 0.67 1.50 2.27 0.001 0.09 2.13
16 Hexane 0 0 -0.11 0.09 15.0 0.01 0 0.06 0.52 1.37 1.88 -0.003 0.08 3.90

: hydrogen bond donocity, : hydrogen bond acceptor ability, : dipole moment, D: dielectric constant, log P, n: refractive index, *: Taft’s parameter,
: solubility, SA: acidity, SB: basicity and SPP: dipolarity & polarizability.

ET
N
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variables are continued till the minimum value of ‘t’ reaches
> 1 i.e. 1.5 for . The optimization regression models of
dye (1-3) obtained by above techniques and ET of dye (1-3)
were determined and plotted against the experimentally
observed ET values (Figure 4). The linearity of the plots
validates the regression models.

DMF and DMSO incompatible with the regression model

may be attributed to complexicity in solute-solvent inter-
action which may arise due to a variety of bonding sites of
different extent in these solvents and probes.

Conclusions

Absorption maxima of dyes are dependent on solvent
polarity. Solvation of dye molecules probably occurs via
dipole-dipole interactions in non-hydrogen-bond donating
solvents, whereas in hydrogen-bond donating solvents the
phenomenon is more hydrogen bonding in nature. The uni-
fied scale for estimating the solvent effect on the absorption
of azo dye is more adopted and more applicable than the *

scale model.

Acknowledgments. The authors thank the University
Grants Commission, New Delhi and Department of Science
and Technology, New Delhi and University Grants Com-
mission, New Delhi for financial support through FIST and
DRS projects respectively and Prof. B.K. Mishra, Centre of
Studies in Surface Science and Technology, School of
Chemistry, Sambalpur University, India for valuable sug-
gestion, and the publication cost of this paper was supported
by the Korean Chemical Society.

Supporting Information. The electronic spectra of the
dye 2 and 3 in different class of solvents (polar protic, polar
aprotic and nonpolar) are available at the journal webpage.

References

  1. Kessler, M. A.; Wolfbeis, O. S. Spectrochim. Acta, Part A 1991,
47, 187.

  2. Reichardt, C. In Solvents and Solvent Effects in Organic Chemistry,
3rd ed.; VCH: 2003.

  3. Reichardt, C. Angew. Chem. Int. Ed. Engl. 1979, 18, 98.
  4. Kosower, E. M. In An Introduction to Physical Organic Chemistry;

Wiley: New York, 1968.
  5. Kamlet, M. J.; Abboud, J. M.; Abraham M. H.; Taft, R. W. J. Org.

Chem. 1983, 48, 2877.
  6. Hirsch, J. A. In Concepts in Theoretical Organic Chemistry; Allyn

and Bacon: Boston, 1974.
  7. Gutmann, V. In The Donor-Acceptor Approach to Molecular

Interactions; Plenum Publ. Corp: New York, 1978.
  8. Kosower, E. M.; Skorcz, J. A.; Schwarz W. M.; Patton, J. W. J.

Am. Chem. Soc. 1960, 82, 2188.
  9. Dimroth, K.; Reichardt, C.; Siepmann, T.; Bohlmann, F. Justus.

Liebigs Ann. Chem. 1663, 661, 1.
10. Reichardt, C.; Harbusch-Gornertt, E. Liebigs Ann. Chem. 1983,

721.
11. Kamlet, M. J.; Abboud, J. M.; Taft, R. W. Prog. Phys. Org. Chem.

1981, 13, 485.
12. Kamlet, M. J.; Abboud, J. M.; Taft, R. W. J. Am. Chem. Soc. 1977,

99, 8325.
13. Kamlet, M. J.; Taft, R. W. J. Am. Chem. Soc. 1976, 98, 377.
14. Kamlet, M. J.; Taft, J. Chem. Soc., Perkin Trans. 2 1979, 349.
15. Hutchings, M. G.; Gregory, P.; Campbell, J. S.; Strong, A.; Zamy,

J. P.; Lepre, A.; Mills, A. Chem. Eur. J. 1997, 3, 1719.
16. Machado, C.; Nascimento, M. G.; Rezende, M. C. J. Chem. Soc.,

Perkin Trans. 2 1994, 2539.
17. Peters, A. T.; Gbadamosi, A. J. Chem. Technol. Biotechnol. 1992,

53, 301.

ET
N

Figure 4. Plot of calculated ET vs. observed ET of (a) dye 1 (b) dye
2 (c) dye 3.



616     Bull. Korean Chem. Soc. 2014, Vol. 35, No. 2 Pradipta Kumar Behera et al.

18. Shin, D. M.; Schanze, K. S.; Whitten, D. G. J. Am. Chem. Soc.
1989, 111, 8494.

19. Shin, D. M.; Whitten, D. G. J. Am. Chem. Soc. 1988, 110, 5206. 
20. Kobayashi, S.; Kamei, H.; Yokoyama, H. Chem. Phys. Lett. 1987,

138, 333.
21. Nishimura, N.; Tanaka, T.; Asano, M.; Sueshi, Y. J. Chem. Soc.,

Perkin Trans. 2 1986, 1839.
22. Mustroph, J.; Epperlein, H. J. Prakt, Chem. 1980, 322, 305.
23. Kim, J. J.; Funabiki, K.; Muramatsu, H.; Shibata, K.; Kim, S. H.;

Shiozaki, H.; Hartmannd, H.; Matsui, M. Chem. Commun. 2000,
9, 753.

24. Mohammadi, A.; Yazdanbakhsh, M. R.; Farahnak, L. Spectrochim.
Acta, Part A 2012, 89, 238.

25. Yen, M. S.; Wang, I. J. Dyes Pigm. 2005, 67, 183.
26. Amrallah, A. H.; Abdalla, N. A.; El-Haty, E. Y. J. Chin. Chem. Soc.

2007, 54, 1629.
27. Masouda, M. S.; Ali, A. E.; Shaker, M. A.; Ghani, M. A. Spectro-

chimica Acta Part A 2004, 60, 3155.
28. Airinei, A.; Homocianu, M.; Dorohoi, D. O. J. Mol. Liq. 2010,

157, 13.
29. Rageh, N. M.; Mawgoud, A. M. N.; Mostafa, H. M. Chem. Papers

1999, 53, 107. 
30. Ibrahim, S. A.; Youssef, M. S. K. Can. J. Chem. 1984, 62, 2841.
31. Dias, J. R. In The Handbook of Polycyclic Hydrocarbons, Parts A:

Benzenoid Hydrocarbons; Elsevier: New York, 1987.
32. Mishra, B. K.; Sharma, A.; Behera, G. B. Int. J. Chem. Kinet.

1989, 21, 439.
33. Marcus, Y. In The Properties of Solutes, Wiley Science Series in

Solution Chemistry; Willey: New York, 1998; vol. 4, pp 143-155.


