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Determination of the Dipole Moments
of Organic Molecules in the Electronic
Ground State by the Electrochromic
Method

0.V.Khranina, G.S.Denisov, and F.P.Chernyakovskii

The dipole moments of rod-shaped organic molecules in their
electronic ground state have been determined by relative measure-
ments of electrochromism. The method is shown to be applicabie
to various types of organic molecule which absorb in the visible
and u.v. regions.

The dipole moments of molecules in the electronic ground
state are usually measured by the dielectric method.! The
electrochromism method, ? based on optical measurements of
the orientation polarisation of molecules, can also be used.
Because of the high sensitivity of optical methods the
orientation polarisation can be measured reliably even in
sparingly soluble substances, i.e. at very low concentrations,
if the solutions have a high extinction coefficient.?

We have previously developed a method” of determining the
dipole moments of molecules in an electronically excited state
by a computer caiculation (from the electrochromism spectra
of a given sample) of the ratio of two components depending
on "g and He {where “g and Mg are the dipole moments of the

molecule in the ground and the excited state). It is found
that the ratio ug/ng is independent of the electric field

intensity, of the sample thickness, of the polarisation of the
light, and of the operating mode of the apparatus.® To cal-
culate p, we need data on the dipole moment of the molecules
in the ground state, ”g’ which are often not available. In

order to fill this gap we propose a comparative method of
determining the dipole moment of molecules in the ground
state u., which involves the use of a standard substance with
a known value of u;- It could be of value not only as a
means of complementing the above method" but also in its
own right.

The overall electrochromism spectrum is the sum of incre-
ments in optical density AD contributed by the various
electro-optic effects: ®

AD g usee= (AD+AD;+AD s+ AD\) emses

where AD, is the orientation effect, AD, is the cross effect,
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and AD, and AD, are the Stark effects, i.e.

(D)

+ W sin B-cos x-sin -cos Y(1—-3 cos’ 8)}¥ .

Here D is the optical density, v is the wave number,

6 = (e, F) is the angle between the direction of the electri;
vector of the light beam with unit vector e and that of the
electric field F, which can be set in the range 55-90°, the
angle vy = (ug, m) is formed by the dipole moment of the

molecule in the ground state ug and the moment of the
transition with unit vector m, 8 = (ug. ue) is the angle
between the directions of the vectors Mg and ue, and K is

the angle between the projections of y, and m on a plane
perpendicular to F. The quantities AD, and AD, can be
ignored in our case because the dipole moments of our mole-
cules are relatively large and the electrochromism signals
AD, and AD, are greater than the contributions from the
Stark effects by 1.5-2 orders of magnitude. The orientation
contribution (1) can therefore be separated from the overall
electrochromism spectrum as the product u;( 1-3cos®y).

In the present study we examined the elongated rod-like
molecules
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It follows from symmetry considerations that the dipole
moment of the ground state p, and the unit vector of the
transition moment m have the same direction. Therefore
Eqn.(1) takes the form

1 Fy\: 9
AD, o—so‘=‘——( L) D. (2
15 AT

For two molecules, one of which is used as a standard, we
obtain from Eqn.(2)
)
He=tte aD, D/’

This approach assumes that the quantity ug is reliably

known. We used dimethylaminoazobenzene (I) as the refer-
ence molecule because its dipole moment is given in standard
tabulations.® This molecule has also been used as a standard
in dielectric measurements’ and in our previous work on
electrochromism, *

In the more general case of non-rod-like molecules the
angle Yy must be measured in a separate experiment.
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The experimental compounds I-X were purified in a
.m-omutographic column packed with Al,0;. The measure-
;gn(s were made with toluene solutions of 107? M concentra-
;‘ion- The absorption spectra were recorded on a Perkin
gimer spectrophotometer, and the electrochromism spectra on
e apparatus already described. 5 The present procedure
siffered from that of our previous work” in requiring a cor-
~vetion for the spectrum produced by the ope.ratit_)n of the
pparatus. ® The relative error in the determination of Hg
Las less than 5% for a confidence level of 0.95.

The following values of the dipole moment were obtained
(5.33 x 10°° C m™!) for molecules I-X:

\olecule 1 moom v vV VI VI Vil X X

vork 322+ 433 800 547 159 663 729 745 532 7.09
This wor 012 £012 £0.43 =041 2009 2043 2043 2024 ~0.05 0.16
sublished data 322 345 800 5 - 66 74 715 69 -
Publis 671 161 19 (8 (8] 19,101 ¢l (9]

Qur values of ug agree well with the published values. ®*°

vote. Numbers in square brackets denote references
(Ed. of Translation).
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