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EVALUATION OF SOLVENT EFFECTS IN ELECTRONIC SPECTRA
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Applicability of the Buckingham cross-term f(D, )= (D— 1) — D/2b+ 1) @41
for evaluation of solvent shifts has been tested using ]2 original and 4 published data sets con-
cerning solvent effects in electronic specira. The results are compared with correlation of the
same data with the Bakshiev equation. Influence of the cross-term on the solvent shifts is dominant
with the systems showing no direction changs of the molecular dipole moment during cxcita-
tion. Mutual dependence has been found between the cross-term and the Taft solvent factors n*
at the 90% significance level.

During the past 25 years considerable attention has been paid to problems of quantita-
tive evaluation of influence of medium on electronic spectra, which was due both to
analytical importance of the problems and to expected possibility of assessment
of the dipole moment of excited molecules (solvatochromic method) and evaluation
of the solvation process (estimation of radii of the Onsager solvation cavity). Both
theoretical and empirical methods were proposed for evaluation of solvent effects
on electronic spectra, the former ones being based on classic or quantum-mechanical
models. Their results are expressed in one- or multi-parameter relations giving ex-
plicitely the dependence of the solvent shifts on relative permittivity and refractive
index of the medium. A summary of the problems of determination of dipole moments
of excited molecules is given by Koutek®. The empirical methods express the in-
fluence of medium on electronic spectra by solvent indexes which are related to the
solvent shifts by one-parameter linear relations. To the best known ones belong the
solvent indexes of Kosower2, Brownstein®, and especially the recent solvent indexes n*
of Taft*~®, Furthermore it was shown?® that these n* indexes can be applied to de-
scription of solvent effects in IR spectroscopy, which indicates similar influence
of medium on both electronic and IR spectra. In the field of IR spectroscopy,
Buckingham® derived a power series for evaluation of solvent effects on position
of the absorption bands, in which the only characteristics of the medium are refractive
index (n) and relative permittivity (D) of the solvent. On the basis of examination
of a large number of data!!*? we showed the cross-term of the Buckingham power
series to have dominant influence in evaluation of effects of medium, this term (in an
one-parameter equation) being practically sufficient for evaluation of solvent effects
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in IR spectra. We also found a very good correlation between this cross-term and the
empirical solvent parameters suggested by Allerhand and Schleyer!® and Bellamy'*
for evaluation of solvent effects in IR spectra.

The aim of this communication was to test the applicability of the Buckingham
cross-term for correlation of the solvent-induced shifts of absorption bands in electro-
nic spectra, to compare this correlation with that using the Bakhshiev equation’?,
and to evaluate the relation between the Taft solvent indexes n* and the Buckingham
cross-term.

EXPERIMENTAL

The spectra were measured with a Unicam SP 1800 apparatus in 0-01 to [ cm cells (concentrations
1075M to 10~ 2m) according to absorption of the solvents used and solubility of the substances
studied. No concentration dependence of position of the studied maxima was observed in the
given concentration range. The solvents were the same as in refs' 1012,

RESULTS AND DISCUSSION

The studied absorption maxima measured in 12 solvents are given in Table I. The
following model substances were chosen: 2-nitroaniline (I), 4-nitroaniline (II),
3-nitroaniline (I1I), 4-dimethylaminobenzonitrile (IV), 4-aminoacetophenone (V),
2-chloroaniline (VI), 2-nitrophenol (VII), 4-nitrophenol (VI1I), 3-nitrophenol (I1X),
salicylaldehyde (X), phenoxazin-3-one (X1), and 2-nitroso-1-naphthol (XIII). For the
present study we chose the solvents for which minimum specific interactions with the
compounds studied could be expected. Also we did not use too polar solvents, be-
cause, due to the saturation effects, they need not fulfil linear dependence between the
dipole moment induced in the solvent and the field intensity which brings about
this moment, which is however, one of the starting presumptions of all theoretical
methods for evaluation of the solvent effects.

The experimental data were correlated with Eq. (/) and with the Bakhshiev equa-
tion (2) (ref.*) in the form recommended in ref.":

A=A +B(D—1)(n* = 1)J2D + 1)(2n* + 1) + C(n* = 1)|2n* + 1). (J)
A=A+ B[(D— 1D+ 2) = (n® = 1)[(n* + 2)](2n* + 1)(n* +2) +

+ C'(n* — 1)|(n* + 2). 2

The regression parameters A, B, C, A’, B’, C’ are given in Table II along with the

correlation characteristics (lhe correlation coefficient R, the partial correlation coeffi-

cients (A — f(D, n*)) and r(% — f(n?)), and the Fischer criterion F). Besides these

experimental data of ours we carried out the regression analysis with Egs () and (2)
for four sets published by Taft and coworkers*~® viz. 4-nitro-1-methoxybenzene, N,N-
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-diethyl-4-nitroaniline, N,N-dimethyl-2-nitro-4-toluidine and N,N-dimethyl-2-nitro-
aniline. The regression analysis results are given in Table 111, The correlation charac-
teristics show that Eq. (/) fits the experimental data very well and in similar extent
as the Bakhshiev equation. Tt is interesting to examine relative magnitude of cffects
of the cross-term f(D, n?) and the Bayliss'® term {(n?) of Eq. (/) in cvaluation of the
solvent shifts. The former term is dominant with the systems containing strong
electron-donor and electron-acceptor groups, being highest in the cases when these
groups are mutually in para positions. In these cases the dipole moments of solute
molecule in the ground and the excited states are obviously colinear, as it is the casc
with valence vibrations of the bonds studied by IR spectroscopy where simple linear
relation between the solvent shift and the cross-term is obeyed. As these compound
types served as primary indicators for determination of the 7* solvent indexes. a linear
relation between these n* factors and the cross-term values can be expected. This
correlation was carried out for all the solvents for which these n* factors were pro-
posed (except for water and alcohols); the correlation has the following form:

n* = 14:52(D, n*) — 0-514, R = 0904, F = 205. (3)

The correlation is significant at the 909 probability level. The value —0-514 repre-
sents the m* index for gaseous state. Considerably high significance is obtained

TasLe [II
Results of Regression Analysis of Some Published Syslcms3 =3 using Equations (/) and (2)

N,N-Dimcthyl-

Parameter 4-Nitro- N,N—Dieth}fl- N.N?[‘)iﬁvc‘t]‘lyl- onitro-
-1-methoxybenzene -4-nitroanilinc -2-nitroaniline A-toluidine

A [em™ ] 36 820 30 150 27 810 27 100
B [em™'] —30 400 —38 400 —24950 — 25880
C [em™ ] — 8600 7560 ~ 8890 — 7760
R 0975 0-951 0976 0-963
F 1463 98-7 1099 69-4
r( — f(D, n2)) 0-964 0-941 0-956 0-952
r — f(n?) 0-535 0-403 0-490 0-554
A’ [em™1] 37130 30 980 28 290 27450
B’ [em™!] —19 300 — 2569 — 1710 — 1780
C’ fem™1] — 13570 — 15980 —13 170 —11 900
R 0-980 0-953 0979 0958
F 184-8 1050 129-2 612
n 18 24 14 14
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when this correlation is carried out with 28 so called selected'® solvents:
n* = 14:90 f(D, n?) — 0-578, R = 0980, F = 527. 4)

In the case of the studied absorption bands of salicylaldehyde (X), 4-aminoaceto-
phenone (V) and 2-nitroso-1-naphthol (XII) the solvent shifts are predominantly
affected by the Bayliss term f(n?). As the said compounds are polar, it cannot be
presumed that there are no dipole-dipole interactions between them and the solvent

molecules (similar behaviour is encountered with a great number of other compounds
as e.g. azocompounds, chlorophyll"). More likely the reason is in the fact that the
solvent molecules are not oriented around the solute molecule due to the changes
taking place in the direction of dipole moment of the molecule in the course of its
excitation. Electronic and atomic polarization of the solvent molecules and, hence,
also the effect of the corresponding reaction field on the energy levels of the solute.
molecule are not modified in the way encountered with the molecules in which
no change of the dipole moment direction takes place during excitation. The signifi-
cance of the cross-term and the Bayliss f(n?) term of Eq. (1) could thus serve as
a measure of colinearity of the dipole moments of the molecule in the ground and
the excited states. Out of the studied compounds, the obviously significant effect
of the both terms is encountered in the case of phenoxazin-3-one. This non-colinearity
of the dipole moments of the molecule in its ground and excited states results in inap-
plicability of the solvatochromic method for determination of the dipole moments
of these compounds in their excited states. In these cases it is also impossible to use
the Taft n* indexes for evaluation of effect of medium on the solvent shifts, whereby
versatility of these indexes is considerably reduced.
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