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Solvent effects on electronic absorption spectra of some chlorophenols:
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energies based on McRae’s theory
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On the basis of McRae’s theory [J phys Chem, 58 (1954) 1002] of solvent effect on electronic
spectra, a systematic and step-wise procedure for estimating the excited state dipole moments (p,) of
various chlorophenols and their specific interaction energies (E;) with different types of solvents is de-
scribed. The p,’s estimated by employing only saturated hydrocarbon sovlents are found to be more re-
liable than those estimated using pairs of polar solvents such as acetonitrile and diethyl ether. The E,
values are found to decrease with increase in the number of Cl atoms in the solute molecules. Interac-
tion energies of water are generally the largest and those of carbon tetrachloride and diethyl ether are
usually negligibly small. The specific interactions in the present solute-solvent systems are electrostatic

in nature.

There is considerable interest in the electronic
‘spectroscopic study of phenols and chlorophenols.
The various aspects that have been studied in-
clude their dissociation constants in the ground
and excited states' ~%; quantitative estimation from
absorbance at isosbestic points®; hydrogen bond-
ing (HB) interaction with different kinds of sol-
vents such as triethylamine®, methanol’, and diox-
ane®~8; effect of intramolecular HB on fluoresc-
ence intensity>!?; electron charge densities at var-
ious sites in the ground and excited states':'?;
changes in electronic spectra due to different sub-
stituents'>~16; their behaviour as proton donors'’,
etc. These studies reveal many important features
of these systems such as their behaviour as proton
donors even in proton-donor solvents’, their
quenching action on fluorescence of N-heterocyc-
lics while having no effect on fluorescence of
naphthols and naphthylamines®'%; increase in acid-
ity with increasing number of Cl atoms in chloro-
substituted phenols (e.g. pK values of phenols,
monochlorophenols and dichlorophenols being ~
10.0, ~9.4 to 8.5 and ~8.6 to 6.8 resp.)' *; in-
crease in acidity on electronic excitation (e.g. phe-
nol: pK~10.0, pK*~4.0; p-chlorophenol: pK~
9.4, pK*~3.2)** etc. These results clearly dem-
onstrate the changes in electron distribution within
phenol molecule due to the presence of one or
more Cl atoms and also changes in electronic ex-
citation as shown by the electronic charge density
calculations™-'2. These effects would also be relat-
ed to other important properties of these mole-
cules such as the excited state dipole moments (p,)

and specific solute-solvent interaction energies (E;)
on which no detailed studies have been reported.

In some of our previous studies'®' on the ef-
fect of solvents on electronic spectra, the ps of a
number of substituted benzenes including o-, m-,
and p-chlorophenols were estimated with a view
to testing the applicability of the concept of ‘excit-
ed state group moments?’ and also to see the
correspondence, if any, between the electronic ab-
sorption bands of mono- and di-substituted ben-
zenes. However, because of somewhat limited
scope, the earlier studies were restricted to the use
of only hydrocarbon solvents and also involved a
number of simplifying approximations (see later
under Results and Discussion). Therefore, as a
part of our work on solute-solvent interactions, it
was considered desirable to carry out a systematic
study of o, m- and p-monochlorophenols, 00-
and mm'-dichlorophenols and opo-trichlorophe-
nol. Their excited state dipole moments have been
estimated with a minimum of simplifying approx-
imations by carrying out spectral measurments in
saturated hydrocarbon solvents (pentane, hexane,
heptane, iso-octane and cyclohexane) and further
their specific interaction energies have been esti-
mated in common nonhydrocarbon solvents of
different types such as chloroalkanes (CCl,,
CHCI, and CH,Cl,), aliphatic alcohols (methanol,
ethanol and iso-propanol), water, diethyl ether and
acetonitrile.

Materials and Methods
The solute systems used in the present work,
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Table 1 — Physical characteristics of the solvents

Solvent u/D ng
1. n-CH,, 0.00 1.360
2. n-CeH,, 0.00 1.372
3. n-C;H, 0.00 1.385
4. -CgH,g 0.00 1.388
S. cC¢Hy, 0.00 1.424
6. H,0 1.82 1.333
7. CH;0H 1.71 1.327
8. C,H;OH 1973 1.359
9. -C;H,OH 1.65 1.375
10. CCl, 0.00 1.458
11. CHCl, 1.20 1.446
12. CH,Cl, 1.54 1.424
13. (C,H,),0 1.17 1.350
14. CH,;CN 3.80 1.342

D, f(n,) f(Dyn,)  f(D,n,)/f(n)
1.850 0.181 0.000 0.00
1.890 0.185 0.000 0.00
1.924 0.189 0.000 0.00
1.920 0.191 0.000 0.00
2.023 0.203 0.000 0.00 *

78.54 0.171 0.757 445
32.63 0.168 0.711 4.23
24.30 0.180 0.666 3.70
18.30 0.186 0.623 3.35
224 0.214 0.020 0.09
4.81 0.210 0.293 1.39
9.08 0.203 0.474 233
4.34 0.177 0.312 1.76
37.50 0.174 0.713 4.10

f(n) =(nd~1)/(2n+1),£(D,, n)=(D,~1)/(D,~2)~ (3= 1)r+2).

viz., phenol and various chlorophenols mentioned
above were all GC grade (Fluka) compounds. All
the organic solvents (cf. Table 1) were of spectros-
copic grade and the water used was triply distilled
in an all-glass apparatus. Spectral measurements
were performed on a Hitachi 220A double beam
UV-Vis spectrophotometer. The absorption maxi-
ma for various bands (A,,/nm) were determined
by recording the absorption and derivative spect-
ra, and the corresponding frequencies (v/cm™!) in
various types of solvents are presented in Table 2.
Since the L, bands were masked under cut-off re-
gions of some solvents like CCl, and CHCI;, the
studies were restricted to L, bands which were
measurable in all the solvents used.

Results and Discussion
Excited state dipole moments

As in the case of our earlier studies!®1%2122) the
present work is also based on the well-known the-
ory of Bayliss and McRae?*?* according to which
the absorption frequency (v/cm™') of a solute dis-
solved in a solvent exhibiting only non-specific in-
teractions towards the former is given by an ex-
pression of the form:
v,=v,1(A+B+C)f(n,)+ Ef(D,,n)

+ Hf(D,n,)I 2460

Here v, is the vapour phase frequency of the
solute, f(n)=(n)=(n2—1)/(2n2+1) and f(D,n,)=
(D= 1)/(D,+2)]—[(n2=1)/(n?+2)] are the func-
tions of the refractive index (n,) and dielectric con-
stant (D,) of a solvent (s); (A+ B) is the dispersion
term; C=(u2—p2)/hea, E=2 p(p,— )/ hcaj and
F=6 pa,— a,)/hcd) with u, o and a, representing
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respectively the dipole moment, polarizability and
cavity radius of the solute molecule, the subscripts
g and e corresponding to the ground and excited
states respectively; 4 is the Planck’s constant and ¢
the speed of light. The contribution of the last
term, generally called the solvent Stark effect term,
being relatively much smaller (~10' cm™!) in
comparison with all other terms (~10* cm™1), is
generally ignored?® =25, so that Eq. (1) reduces to
v,=v,+(A+B+C)f(n,) + Ef(D,,n,) . (2)

In the previous work!®!, the dispersion term
(A+B) was also ignored. However, as shown
later?!, this can be estimated by carrying out mea-
surements on a nonpolar solute like benzene
(ug=0, n,=0) in nonpolar solvents like saturated
hydrocarbons [D, = n2—f(D,n,)=0], so that Eq. (2)
reduces to,

V=V, +(A+B)f(n) 43}

The term (A+B) was determined from the slope
of the linear graph of v, vs f(n,). This view is con-
sistent with that of earlier workers?®?” who have
shown that for a given type of transition, the con-
tribution of the dispersion term (A+B) towards
the solvatochromic frequency shift is nearly the
same for different kinds of solvents. The present
value of ‘the dispersion term for the L, transition
in benzenoid compounds, viz., —3450 cm™! is in
close agreement with the range of —2720 to
—3330 cm ™! reported by the earlier workers2627.

When spectral measurements on polar solutes
are restricted to saturated hydrocarbon solvents,
[D, = rZso that f(D,, n,)= 0], Eq. (2) becomes

v,=v,+(A+B+C)f(n,)

»

-(4)
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so that slope of the graph of v, vs f(n,) yields the
value of the term (A+B+C). Combining this with
the value of (A+ B) already determined, we get the
value of C=(u;— ul)/hcaj. From this, the value of
p, was determined by using the value of u, from
literature®® and that of @, determined as outlined
below.

The concept of ‘cavity radius’ originally appear-
ing in the reaction field theory by Onsager®,
which is the basis of McRae’s theory of solvent ef-
fect on electronic spectra®>?*, is somewhat ill-de-
fined. However, it has generally been accepted to
identify the size of the cavity with that of the so-
lute molecule contained in it. Therefore, as sug-
gested by earlier workers’, the g,-values were es-
timated from molecular volumes of solutes by us-
ing the respective molar volumes. In addition, the
molecular volumes required for calculation of a,-
values were also calculated from molecular dimen-
sions by employing the ellipsoidal model'®. For
this purpose, the lengths of the ellipsoid axes (say
A,B’ and C’) corresponding to the nuclear frame-
work of a molecule were first calculated by using
the bond lengths and bond angles from the litera-
ture’! and following the procedure as described
earlier'®?!. The space filling effect of the atoms
due to their finite sizes was then accounted for by
adding the van der Waals radii*’> of the terminal
atoms along each direction so as to obtain the
lengths of the axes corresponding to molecular el-
lipsoid (say A,B and C). The ellipsoid vo-

B 4
lume V, =§ 11 % 3 % was then equated with : na?,

to obtain the required cavity radius a,. Somewhat
similar method of calculating a, from molecular
dimensions appears to be adopted by Favini and
coworkers®3. The values of cavity radii obtained in
these two ways and the corresponding results (u,
and E-values) are presented in Table 3.

The observed L, band frequencies of phenol
and the six chlorophenols in cyclohexane, as an il-
lustrative hydrocarbon (HC) solvent, are presented
in Table 2. The phenol band appears at ~ 37100
cm~ ! with some vibrational structure, while those
of all the chlorophenols are red-shifted with in-
crease in intensity and loss of vibrational structure;
the red-shift increases progressively with increas-
ing number of Cl atoms in the molecule. Thus, the
order of frequencies among various chlorophenols
is found to be: monochlorophenols (MCP)> di-
chlorophenols (DCP)> trichlorophenol (TCP); o-
MCP> m-MCP> p-MCP; 0o-MCP> 00-DCP> opo'-
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TCP and m-MCP> mm’-DCP (cf Table 2). In
DCP and TCP, this band appears as a doublet
with separation of ~ 10 nm between the two com-
ponents. The lower frequency component, being
more intense, had been used for further measure-
ments. The band characteristics (i.e. shape, width,
intensity, etc.) of the three MCP’s bear close re-
semblance with those of phenol (Ph) and chlorob-
enzene (CB), which is consistent with the observa-
tion** that ‘the electronic transitions characteristic
of the monosubstituted derivatives C,HsX and
C¢HsY persist in the disubstituted compounds
C¢H,XY. With increasing the number of substitu-
ents on the phenyl nucleus, the spectra become
more and more complex with loss of structural de-
tails due to overlapping bands. Therefore, the so-
lute molecular systems in the present work are
restricted to symmetrically substituted phenols, i.e.,
00-and mm'-DCP and opo-TCP.

In the series of the five HC solvents (cf. Table
1), the L, band positions of all the phenols stud-
ied are progressively red-shifted with increase in
refractive index and dielectric constant of the sol-
vents. The p.’s of all the solute molecules calculat-
ed from the (u—ul)/hca; terms are presented in
Table 3. The p,’s deduced using a, values derived
from molar volumes are larger than the corre-
sponding u,/s deduced using a, values derived
from molecular dimensions. This is obvious be-
cause of larger magnitudes of former a,’s and de-
pendence of the p, on 4. Such an apparent de-
pendence of calculated p,’s on the choice of the
cavity radius is rather strange and is due to the ill-
defined nature of the concept of ‘cavity radius’ in
the model of the reaction field theory. The pu,’s so
deduced, therefore, can have only a relative signif-
icance. In spite of this limitation, the /s are
found to be of the correct order of magnitude, si-
milar to those reported in literature®->¢ for other
molecules and can, therefore, be considered as
reasonable. Some regularities are apparent as out-
lined below.

All the p/s are larger than the corresponding
ugs. This is consistent with the general theory of
polarization red shift’***” and is also in agreement
with the general observation that, ‘when a group
such as —OH is substituted onto an aromatic hy-
drocarbon like benzene, the contribution to the m-
dipole moment due to the transfer of a lone pair
electron on the substituent to the aromatic ring is
much larger in an excited state than that in the
ground state’. The u,’s of the three MCP’s vary
in the sequence: i, > Wy > 4o Which is parallel
to the sequence of the respective p,s. The trends
in the dipole moments of the DCP’s and the TCP



PRABHUMIRASHI et al: DIPOLE MOMENTS & SOLUTE-SOLVENT INTERACTIONS OF CHLOROPHENOLS

‘(g) °be Jurysn wIO0FJOIOTYD pum euexeyo[o4> uyp sepouenbexy pueq wWOIJ pPIJBWE] SO o4 sAITL

“(g) °be 3uysn e[FIJFUO3LDB pUB JIOU3}S UF soepousnbeI] pueq moJIJ pPI3}BUW[ISO o SR T

“(4) °be Jupsn 53UAATOS UOCQIEOOIPAY U seFOUENDOLF puRq WOIJ PIIEWLISE d LI ¢

*8mNTOA JBTOW WOIXJ pPej3BINITED oa Jursn H g

*SuopsSuULSWTP JBTNOO LW WOIXJ Paj3sTNIOTeEd %g 3ugsn 3 Y
7 0 v € 0 €- S 80" T 2v'T  oe°e 19°¢c € (2% 1)

o 0 b € 0 - 9 3Tt C 28 S ~ L0 Lve v 50°1%f10-,0d0 2
= 2- 4 0 T- 2 ot €P°€E 00°2 16°€ £92E g (81°2)

€ - S 0 1- 2 1T 8T°e ¥0°2  ¥9°€ 83°€ v Hofu%2% o~ mm g
8 0 L £ T 9 ot 96°2 "16°0  66°S £5°¢€ 8 (L5°T)

e 0 L € - L 14 69°2 ¥O°T  2¥°S 8z2°¢c v #o°r%%10-,00 ‘g
81 9 02 9T - ST €2 ST 0 62°1 €e°9 6E°E g (L2°2)

oz 9 = LY 1 L1 " £%°0 29°T  €9°'S ot°e v Bo"u%10-d ‘¥
8 0 L 9 T 7 2t 26°T et 28°% 2v°e g (61°2)

& T 8 9 T 8 51 86°T L8°T 2% 21°e v HOYR2OTO-u °g
9 T- L S T -4 ot S8°0 S0°0 T8°% sy e 24 (ve°1)

L 0 8 9 T ) Tt 86°0 6€°0  l2'% ate v  wo'udro-0 ‘2

it 1T ST (028 T [ 4 e ¥6°0 ev° T 06°9 93°E q (ss 1) i

e 2t 9T 151 15 91 L2 eT°T 18°1T 28°S €6°2 v mowmwo il

No%Ro fEPs  Crfm  Fwmo Yo HRD OB I I 1 o, ()
— eTou /5% > - @t > ¥ eIntos

(°7) serd1oua UONOBIIUI JUSA[OS-2IN[OS dhIdads pue (“nl) syuswour Sjodip 91els pAaOXy — € J[qeL

849



INDIAN J CHEM, SEC. A, OCTOBER 1989

are not so straightforward. Thus, the u, of o00-|
DCP is larger than that of mm-DCP while their |
pgs exhibit an opposite order and the p, as well as
u, of opo-TCP are both smaller than the respec-
tive u.’s of the DCP’s. These trends naturally ref-
lect the changes in intramolecular charge distribu-
tions and the consequent changes in acidities of
the chlorophenols on electronic excitation.

Estimation of p, as described above requires
spectral measurements to be carried out in a series
of HC solvents, which is somewhat tedius and
time-consuming. Ito and coworkers® have pro-
posed a quicker and short-cut method based on
the arguments that if spectral measurements are
carried out in two solvents (designated as 1 and 2)
having nearly the same refractive indices but wide-
ly different dielectric constants, then the McRae
Eq. (1) {or (2)} can be shown to reduce to:

AV, =[2ppy— n)/ heg)AL(D), , .(5)

Here Av,,=(v;—V,) is the difference between the
frequencies of a solute absorption band in the two
solvents and Af(D), ,=f(D,)—f(D,) is the corre-
sponding difference between the dielectric con-
stant functions f(D)=(D—1)/(D+2) of the two
solvents. The solvents acetonitrile (n=1.344,
D=37.50) and diethyl ether (n=1.356, D=4.34)"
are frequently considered to form such a desired
pair of solvents and several workers®®~*! have re-
ported p.’s of a number of molecules based on the
above approach using either absorption or a com-
bination of absorption and emission spectral mea-
surements in these solvents. Occasionally, use of
other pairs of solvents, e.g, cyclohexane
(n=1.420, D=2.02) and chloroform (n=1.448
and D=11.90), has also been suggested*? though
there are few reports of determination of p,’s by
employing such latter pairs of solvents.

In order to make a comparative study, the p,’s
of all the solutes used in the present work were
estimated by carrying out spectral measurements
in both the pairs of solvents mentioned above.
The results are incorporated in Table 2 alongwith
the p,’s estimated from measurements in HC-sol-
vents.

The p./s obtained in this latter manner are,
however, found to be considerably different and
frequently much smaller than those deduced from
measurements in the HC solvents. Majority of the
u./s obtained from the pairs of solvents’ method
are even smaller than the respective s and they
do not exhibit any regularities or general trends
within a group of similar molecules as exhibited
by the p, values obtained by spectral measure-
ments in the series of HC solvents. It may be re-
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called that McRae’s expression for frequency shift
(Eq. (1 )‘ 2)] is based on the assumption of only
nonspecific interactions between the solute and
solvent molecules and, therefore, the same applies
to Eq. (5) which is deduced from the former.
Therefore, though Eq. (5) appears to be quite sa-
tisfactory in principle, the solvents used in such
measurements such as chloroform, ether and ace-
tonitrile are appreciably polar and known to exhi-
bit specific interactions such as H-bonding, elec-
tron donor-acceptor complex formation, etc. Such
specific interactions are bound to alter the elec-
tron charge distribution in the solute molecules
leading to different u, values which could be re-
sponsible for the above-referred discrepancies in
the two sets of p,-values. Thus, though the use of
Eq. (5) appears quite attractive due to its simplic-
ity, it is rather difficult to get the desired pairs of
solvents having comparable refractive indices and
widely different dielectric constants and at the
same time being nonpolar so as to exhibit no spe-
cific interactions towards the solute molecules. It
can, therefore, be concluded that, to obtain reli-

able and consistent p,’s from solvatochromic fre- -

quency shifts, it is essential to restrict the spectral
measurements to saturated hydrocarbon sovlents
only.

Specific solute-solvent interaction energies (E,)

When spectral measurements are performed in
non-hydrocarbon (non-HC) solvents, for which
D, # r, none of the terms in Eq. (2) becomes zero.

. Therefore, as illustrated earlier??, the expected fre-
. quency of a solute absorption band in a particular

solvent, assuming only nonspecific interactions,
was calculated (V. by employing Eq. (2) and the

previously known values of all the terms therein.

The difference between the experimentally mea-
sured frequency (Vy,,, and the V., so deduced
will then be a measure of the speaﬁc solute-sol-

vent interaction energy (E,)**344. Thus,

Es = Nhc ({'s(obs) B {'s(cal)) = 0.011A{’S

k] mol !

.(6)!

wherein N, /# and c are the Avogadro number,
Planck’s constant and speed of light, respectively.

Frequently, the experimentally measured vapour .

phase frequency vy of a solute absorptlon band,
which is requlred for obtaining the V., value
from Eq. (2), is not available. Under these circum-
stances, in view of Eq. (4), the intercept of the lin-
ear graph of v, vs f(n,) corresponding to measure-
ments in HC solvents is used as an approximate
measure of v,. This approximation is supported by
the observations and conclusions of several other
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workers26273945 Further, the parameter E={2
(i~ H.V/head] in Eq. (2) involves the dot pro-
duct of two vector quantities. However, in view of
single electron excitations responsible for the
bands under study, the change in dipole moment
upon electronic excitation (Ee—ﬁg) is approxi-
mately collinear®*?® with &, so that the above
mentioned dot product can be replaced by simple
numerical product. With these approximations, the
Vyea) Values for all the solutes in various non-HC
solvents estimated using the two a;-values as in
the case of m,’s are presented in Table 2 together
with V., values. The corresponding E; values
calculated using Eq. (6) are presented in Table 3.

The absorption bands of unsubstituted phenol
(Ph) and all the chlorophenols (CP) in water ex-
hibit blue shifts with respect to those in HC sol-
vents. In all other non-HC solvents, Ph-bands are
blue-shifted while those of CPs experience red
shifts with respect to those in the HC solvents.
The actual magnitude of the red or blue shift is
found to depend on the number and relative posi-
tions of Cl atoms in a CP molecule. The v, va-
lues generally differ to varying extents from the
V,(ops) Values. These observations are indicative of
the dependence of the type and magnitude of the.
specific interaction on a particular solute-solvent
pair. Unlike the p s, the E_ values calculated using
two different g,s are found to be comparable in
magnitude. Because of the approximations in-
volved in calculating the E values, there will be
some uncertainty ( ~ +2-3 kJ mol~!) in their mag-
nitudes. However, the various systems studied
‘'show certain regularities and general trends as
noted below.

The specific interactions of water and alcohols
with any solute are obviously of hydrogen bonding
(HB) type due to their amphiprotic nature. The E|
of water with any solute is generally the largest
among all the solvents. This is attributable to the
stronger HB ability of a water molecule due to its
very small size, relatively large dipole moment and
very high dielectric constant.'As the E values of
the three alcohols (MeOH, EtOH and i-PrOH) are
very nearly the same, only those of EtOH are il-
lustrated in Table 3. The specific interactions of
CCl,, Et,0 and CH;CN can be of electron donat-
ing (ED) or proton accepting (HA) type due to the
presence of atoms with lone pair of electrons in
them (Cl, O, N), while those of CHCl; andCH,Cl,
can be of HB and/or ED type due to the presence
of dissociable protons and Cl atoms in them.
Within the group of the three chloroalkanes, the
Es increase in the order: CCl,—~CHCIl,—~ CH,Cl,
which is the order of increasing dipole moments

and dielectric constants of these solvents. The E
of CCl, with any solute is negligibly small. This is
ascribable to its large molecular size and spheri-
cally symmetric and diffuse electronic charge dis-
tribution resulting in effectively zero dipole mo-
ment. Its dielectric constant is also very small and
D= r2, as in the case of the HC’s so that its inter-
action is almost non-specific as that of the latter.
The E, of ether with all the solutes is also very
small which again is ascribable to its rather large
molecular size and relatively small values of its di-
pole moment and dielectric constant. Steric hindr-
ance of the two CHj; groups in an Et,0 molecule
would also affect the approach of any solute mole-
cule towards the O-atom of the former. The E va-
lues of CH,;CN, except with mm-DCP and opo-
TCP, are moderately large (comparable with those
of water and CH,Cl,) which would also be due to
rather high values of its dipole moment and die-
lectric constant. Such a parallelism of E, with di-
pole moments and dielectric constants of solvents
implies that the specific interactions in the present
solute-solvent systems are electrostatic in nature.
The E_-values for unsubstituted phenol(Ph) with
water and acetonitrile are the largest and decrease
with increase in the number of Cl-atoms in the CP
molecule. Thus, E(Ph)>E (MCP)> E(DCP)>
E(TCP). In fact, the E -values of mm-DCP and
opo’ TCP with all solvents (except water) are neg-
ligibly small. This implies that the proton donating
ability of DCP and TCP is offset by their in-
creased electron donating ability so that in elec-
tron donor solvents, the net specific interaction is
averaged to a very small value. This might be the
reason for the observed decrease in E-values with
increase in the number of Cl-atoms inspite of in-
crease in acidity of the corresponding CP’s. In the
group of Ph and the three MCP’s, the E, values
are found to vary as E(Ph)=E(p-MCP)> E{o-
MCP)= E(m-MCP). The comparable magnitude
of E_ for p-MCP with that of Ph could be due to
increased contribution of dipolar structure such as

+
Srass
in the former similar to that in the case of p-
chloroaniline*’. The E -values of -MCP and 00-
DCP are comparable and are both smaller than
that for p-MCP which can be attributed to intram-
olecular HB in the former molecules. The differ-
ence between the E -values of p-and o-chlorophe-
nols with any solvent is attributable to the strength

~of intramolecular HB in o-chlorophenol and the
_present value of ~12 kJ mol™! (excepting CCl,
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and Et,0) is comparable with the literature value®
of ~10.5 kJ mol~! deduced from the differences
between similar interaction energies of o-and p-
chlorophenols with triethylamine and dioxan. Sim-
ilarly, the specific interaction energy of phenol
with ethanol, dichloromethane and diethyl ether
ranging over 12 to 16 kJ mol~! is in good agree-
ment with the reported*® value of ~16 kJ mol™!
for the HB energy of phenol with dioxan.

The theoretical expression for frequency shifts
[Eq. (1)] does not contain the dipole moment of a
solvent molecule (u,) in any of its terms. An at-
tempt to see the dependence of the specific inter-
action energy (E,) on p, revealed that the graphs
of E, versus pu, exhibit considerable scatter if all
the solvents are included in a single plot. How-
ever, if the E values are plotted as a function of
p, of the protic solvents (H,O, MeOH, EtOH and
PrOH) and similarly those of aprotic solvents
(CCl,, CHCl;, CH,Cl,, Et,0 and CH;CN) separ-
ately, the resulting graphs show much better line-
arity with clearly distinct slopes. Within such
groups, the E_ values for a particular solute are
found to increase approximately linearly with the
solvent dipole moments p,. This observation is si-
milar to the earlier?? one and is consistent with the
observation of different linear plots of frequency
shifts in different families of solvents?’. Thus, the
solute-solvent interaction energies depend not only
on the polarity or nonpolarity of a solvent but also
on its chemical nature.

The present paper thus describes a general ap-
proach for the study of solvent effect on electronic
absorption spectra with a systematic and step-wise
procedure for estimating the excited state dipole
moments of solute molecules and their specific in-
teraction energies with different kinds of solvents
from the measured absorption band frequencies. It
shows that reasonably good and reliable excited
state dipole moments can be obtained by restrict-
ing the spectral measurements to saturated hydro-
carbon solvents, and further that the specific inter-
action energies depend not only on the polar or
nonpolar nature of the solvent but also on its
chemical nature. It is observed that the u s of o-,
m- and p-chlorophenols vary in the same order as
their ground state dipole moments while the di-
pole moments of di- and tri-chlorophenols do not
exhibit any regular trends. The specific interaction
energies are found to decrease with increasing
number of Cl-atoms in the molecules. Specific in-
teraction energies of water are generally the lar-
gest while those of alcohols, acetonitrile and dich-
loromethane are of comparable magnitude and
those of CCl, and diethyl ether are frequently neg-
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ligibly small. The dependence of the E -values of
a solute on the dipole moments and dielectric con-
stants of the solvents in a particular class indicates
that the specific solute-solvent interactions in the
present systems are electrostatic in nature.
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