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Regression analysis of the by medium induced changes in the absorption
band position of ten model compounds showed that the product of the
Born’s functions of relative permittivity (&) and refractive index () in the
form f(g, n?) = (& — 1)/&, - (n* — 1)/n* is more efficient for the evaluation of
medium effect than recommended equations containing either Onsager’s or
Mossotti’s functions of relative permittivity and refractive index. An ex-
cellent correlation (R = 0.984) was found between Kamlet—Taft’s 7* po-
larity /polarizability parameters and the f(¢,, n°) function with the set of 54
aprotic aliphatic solvents.

PerpeccHslii aHaJIN3 U3MEHEHHH HHAYIIMPOBAHHBIX CPEIOH B IOJIOXKEHUH
[0JIOCHI MOTJIOIIEHH S JECATH MOIEJIbHBIX COeIHHEHHI IT0Ka3al, 4YTO POU3-
BeneHue GbyHkiuit BopHa OTHOCHTENBHOHN TUAJIEKTPHYECKON MPOHMUIIAEMOC-
TH (£) ¥ mokasaTens mpeiomienus (n) B gopme f(g, n) = (g — 1)/
-(n* — 1)/n? sBnserca Gonee 3pMEKTUBHBLIM IS OLEHKH BIMAHMS CpEMBI,
YeM PEKOMEHJIOBaHHbIE YpaBHEHHs conepxamue pyHkiuu OHcarepa Min
MoccoTTH OTHOCHTENIBHOM IUIJIEKTPHYECKOH NPOHMIIAEMOCTH M IOKa3a-
Tens mpenoMieHus. bbula HalineHa 3amevaTenbHas Koppensuus (R =
= 0.984) Mexay mapaMeTpaMH NOJISPHOCTh/monsgpusyeMocts 7% Kamiera
u Tadra u dynxnueii f(&,, n’) Lns KoMITekca 54 aNpOTOHHEIX anudaTHYeC-
KHX PacTBODHUTENEH.

In 1920 Born [1] calculated the difference in work necessary for charging a
conductive ball in a dielectricum and in air to be proportional to the function
of relative permittivity (&) of the dielectricum in the form (g — 1)/g. The
function is still recommended [2] for the evaluation of medium effect on the
properties of ions. For an evaluation of the medium effect on the properties of
neutral molecules the methods based on the idea of the reaction field originally
introduced by Onsager [3] are recommended. According to the concept the
energy of a molecule in a solution is considered to be changed due to interac-
tions between the solute and polarized solvent molecules of the solvation shells.
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Depending on the starting model equations of various complexity have thus
been obtained, the only characteristics of the medium being its relative permit-
tivity and refractive index (n). As the electronic excitation of molecules connec-
ted with a considerable intramolecular charge transfer resembles the Born’s
conductor it seems to be interesting to extend the original Born’s idea to a case
of alternate charging of the conductor in a dielectricum with a frequency of
10° Hz.

The aim of this paper was to perform an evaluation of medium effect on the
position of absorption bands of electronic spectra of ten neutral dipolar com-
pounds the spectra of which have been measured in a broad medium ““polarity”
range including vapour state by the product of Born’s functions of relative
permittivity and refractive index and by the conventional two-term equations of
Onsager’s and Mossotti’s functions of relative permittivity and refractive index.

Results and discussion

Published wavenumbers of absorption maxima [4—6] of 3-nitro-N,N-di-
methylaniline (/), 2-nitro-4-toluidine (/I), 4-nitroanisole (/II), 4-nitroaniline
(IV), 4-nitro-N,N-diethylaniline (¥), 4-nitroso-N,N-dimethylaniline (V1), 4-ni-
trophenol (VII), 2-nitroaniline (VIII), 3-nitroaniline (/X), and 3-nitrophenol (X)
obtained in a great number of aprotic aliphatic solvents and vapour state were
used for testing the equations considered.

The following correlation equations were tested:

Equation of Onsager’s functions:

— 2 —
PR B Sl B Nl ()
2¢ + 1 2n* + 1
Equation of Mossotti’s functions:
— 2 pa—
v=a+p il cn 1 %)
&+2 n+2
Equation of the product of Born’s functions:
v=A4pE=lr—l €)

&, n?

In the two-parameter equations of the Onsager’s and Mossotti’s functions the
first term evaluates the contribution of the dipole—dipole interactions while the
second the contribution of dipole—induced dipole interactions and of interac-
tions related to dispersion forces to the medium effect observed. Besides the
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given forms both the functions have been used in some modified ones [7—11].
In contradistinction to these methods, the equation of the product of the Born’s
functions does not consider the medium effect on electronic spectra as a result
of the sum of all the solute—solvent interactions but treats the medium effect
from the point of view of the work done during solvent polarization during the
excitation process. The original Born’s calculation [1] is extended to the case of
alternate conductor charging with the frequency about 10" Hz — the frequency
being too high to be followed by orientational polarization of dielectrics mole-
cules. Only electronic deformational polarization of dielectric molecules is
accomplished in this short time and therefore the work done by the molecules
is proportional to the Born’s function of refractive index (n* — 1)/n* = f(n?),
only. Similarly the electronic excitation of a molecule connected with intramole-
cular charge transfer is a rapid process accomplished in 10" s. Immediately it
is followed by the electronic deformational polarization of solvation shell
molecules only. Their orientational polarization proceeds after 10~''s so that it
is without any effect on the energetical demand (and thus on the absorbed
radiation quantum) of the excitation. As compared with the excitation of the
molecule in the vapour state the excitation energy is lower, the decrease being
proportional to the mentioned Born’s function of refractive index f(n?),. Mag-
nitude of the decrease depends on the distance between the solute and solvation
solvent molecules. The shorter is the distance the more intense is the deforma-
tional polarization and the deeper is the medium effect. As the first approxima-
tion the distance may be considered as depending on the total polarization of
solvent molecules of solvation shells and thus being proportional to the Born’s
function of relative permittivity f(&,),. The effect of the f(n?), is thus modified by
the f(,); term so that the final dependence of the spectral band wavenumber on
the product of both the functions in the form of eqn (3) may be expected.

The efficiency of the modified Born’s function and the equations of the
Onsager’s (eqn (/)) and Mossotti’s (eqn (2)) functions for the evaluation of
medium effect on electronic spectra (longwave maxima) of ten compounds is
compared in Table 1. Both the correlation characteristics, viz. correlation coef-
ficient (R) and standard deviation (o) show that the simplest, only one-
-parameter, equation of Born’s product term is more efficient than the two-
-parameter equations of the Mossotti’s and Onsager’s functions. The charac-
teristics of the solvation spheres arrangement f(¢,), may be expanded for f(n?),
term characterizing polarization of solvation shell molecules due to rapid move-
ments in solute molecule so that eqn (3) gets the form V= 4 + B f(&)5 f(n);s +
+ C- fX(n;, being, of course, more efficient than the original eqn (3).

When solvent effect of only nonpolar solvents (g = n?) is considered eqns (1)
and (2) are transformed to the dependence of the wavenumbers on the Onsager’s
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Table 1

Comparison of the results of the regression analysis of experimental data by the equation of
Onsager’s functions (OE), Mossotti’s functions (ME), and by the modified Born’s equation

Compound : 104 10°B  107°C 1020

(Number of  Equation 3 5 - R -
solvents) cm cm cm cm

I (25) OE 28.88 6.35 8.28 0.979 0.24

ME 28.64 2.90 7.65 0.991 0.16

Born 28.28 8.52 — 0.996 0.10

I (18) OE 27.67 5.31 4.70 0.963 0.21

ME 27.56 2.51 5.10 0.983 0.14

Born 27.35 6.59 — 0.989 0.11

r (22) OE 37.30 7.56 8.23 0.986 0.24

ME 37.14 2.88 9.58 0.988 0.22

Born 36.69 9.58 — 0.993 0.16

v (18) OE 35.16 11.60 8.86 0.977 0.37

ME 34.90 5.32 9.98 0.990 0.24

Born 34.45 13.19 — 0.994 0.17

V(1) OE 30.61 9.00 7.78 0.983 0.28

ME 30.48 3.65 9.78 0.983 0.28

Born 30.29 11.36 — 0.990 0.20

VI (22) OE 28.10 5.28 9.31 0.973 0.26

ME 27.86 2.46 8.02 0.990 0.16

Born 27.39 7.75 = 0.984 0.19

VII (10) OE 37.33 8.30 4.25 0.988 0.18

ME 37.45 3.67 6.23 0.990 0.22

Born 37.27 9.22 — 0.997 0.11

vir (19) OE 28.72 5.54 5.89 0.967 0.24

ME 28.52 2.53 5.71 0.988 0.15

Born 28.19 6.66 — 0.992 0.11

IxX (17) OE 31.19 6.41 5.20 0.983 0.18

ME 31.07 2.87 6.02 0.992 0.12

Born 30.77 7.44 — 0.993 0.11

X (14) OE 33.76 4.66 4.62 0.994 0.09

ME 33.74 2.63 4.73 0.996 0.06

Born 33.62 6.80 — 0.996 0.06

or Mossotti’s functions of refractive index only, while the Born’s product
function is not changed. We carried out a comparison of the efficiency of these
functions for the evaluation of medium effect of nonpolar solvents only (includ-
ing also vapour state) on the electronic spectra of all the systems studied. The
obtained results are given in Table 2. Calculated correlation characteristics
point to the modified Born’s function as the most efficient again.
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Table 2

Comparison of the efficiency of the Born’s product function, Onsager’s function, and Mossotti’s
function of refractive index for the evaluation of the solvent effect of nonpolar solvents on the
absorption maxima of the studied compounds

Product of Onsager’s Mossotti’s

((rilo‘:];]pbo;n:f Born’s functions function function
salusnts) R 10~*- o/cm™! R 1073 o/cm™! R 1073 o/cm ™!
I(38) 0.999 0.06 0.976 0.23 0.992 0.14
II (12) 0.995 0.07 0.966 0.16 0.984 0.11
I ( 4 0.998 0.10 0.994 0.21 0.995 0.18
v (11) 0.996 0.12 0.973 0.31 0.990 0.19
V(4 0.998 0.12 0.988 0.30 0.992 0.25
VI (1) 0.998 0.07 0.986 0.19 0.996 0.10
VII ( 6) 0.995 0.11 0.983 0.21 0.988 0.17
VI (11) 0.996 0.06 0.979 0.14 0.991 0.09
IX (10) 0.992 0.09 0.976 0.15 0.994 0.08
X (13) 0.997 0.05 0.989 0.10 0.993 0.07

Kamlet and Taft [12] used the solvatochromic behaviour of some compounds
to make up a very popular polarity/polarizability solvent scale 7*. The scale has
been a subject of various attempts of interpretation [5, 12—21]. We carried out
a correlation of the 7* solvent characteristics with the product term of the
Born’s functions with 54 aliphatic, aprotic solvents and the resulting equation
had the form

™ = —0.94 1+ 3.66f(&)5 f(n), )]

R=10984, o=0.07
As for correlation characteristics and the estimation of the #* of vapour state
(experimentally the values between —0.90 and — 1.12 have been determined) the
present interpretation belongs to the most efficient.

The mutual correlation between the Born’s product function and a sum of the
Onsager’s functions of relative permittivity and refractive index seems to be very
interesting. For the set of by chance selected 60 solvents in the polarity range
from n-pentane to dimethyl sulfoxide and diiodomethane the correlation has the
form

f(&)s f(nD)g = — 0.243 + 0.838f(g,), + 1.65f(n?), (&)

R=0.997, o=0.007
The correlation characteristics show that a close relation exists between the
product of the Born’s functions and the sum of both the Onsager’s functions so
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1.0 I Fig. 1. Relation between the product of
Born’s functions of relative permittivity
and refractive index f(g, n%), and the
n-pentane  DMSO function calculated according to eqn (5)
= f(grs "2)calt'
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that applicability of the both in the convenient “polarity” range should be
nearly the same. In contradistinction to the expectation the intercept is different
from zero, being — 0.243. The dependence is given in Fig. 1. From the graph it
is apparent that over the range of common solvents (n-pentane—dimethyl
sulfoxide) a linear dependence exists (by the way the linear dependence is obeyed
by amphiprotic solvents as water, alcohols and formamide) but in the range
between pentane and vapour state the linear dependence progressively deviates
to — 0.243. The shape of this dependence clarifies the observed better applicabil-
ity of the Born’s product function over the Onsager one in the cases when data
on electronic spectra obtained in perfluorinated hydrocarbons or even in vapour
state are taken into account.
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