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of the Ground and Electronically 
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and F.P .Chernyakovskii 

A method for the determination of the direction of the electronic 
moment of the transition on excitation of molecules has been 
developed. Taking into account the angle 'Y, the dipole moments 
of the ground and first electronically excited states of hydrogen· 
bonded complexes have been measured. 

In previous studies 1-1 we proposed a method for the deter
mination of the dipole moments of organic molecules in the 
ground (Ilg-) and electronically excited (Ue) states based on 
electro-optical measurements. The method uses a standard 
substance with well-known electro-optical characteristics and 
is free from many significant disadvantages characteristic of 
absolute methods of measurement. The measurements are 
limited to molecules in which. by virtue of symmetry condi
tions. the angle y between the dipole moment of the ground 
state Ug and the direction of the electronic moment of the 
transition m is zero. Under these conditions, the direction 
of the orientational dipolar polarisation, arising in the electric 
field, coincides with the optical symmetry axis of the solution. 
This significantly simplifies the conditions of the measurement 
and the method of calculation. In a more general case, it is 
essential to measure y for all molecules and to take it into 
account in the calculation of Ug and Ile' In the present 
communication a method is proposed for the determination of 
the angle y and of the dipole moments taking into account the 
value of y. The results have been extended to the hydro
gen-bonded complexes (VI )-(VIII). 

NO,OOH=CHON(CH.}I 
(I) 

NO,ON=NON(CH.). 
(II) 

NO,OH=NON(CH,)I 
(IU) 

NO:OCH~CH-CH_NON(CH')I 
(IV) 

(V) 
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The electrochromism method exhibits a high selectivity, based 
on the possibility of the separate recording of the electro
chromism spectra ~ at the wavelengths corresponding to the 
bands of the free molecules. hydrogen-bonded complexes, 
and complexes in which a proton has been transferred. As 
a result of this. the electrochromism method is free from the 
difficulties arising in the determination of the dipole moments 
of complexes by dielectric methods in which the polarisations 
of all the mixture components are recorded simultaneously. 5 

The application of an electric field F with a strength of 
-10 5 V cm to a solution of polar molecules produces orienta
tional electric polarisation of the solution and at the same time 
anisotropic distribution of the directions of the electronic 
moments of the transition. Thus the dichroism p; whose 
magnitude depends on the angle y in the molecules, can be 
determined from measurements of the optical density of the 
solution: 

II H 
/" ..... " ° 0 0 r---.. )yV)/ Q- .•• H,+N '--./ 

I I! II 
"'>/'.../, 

I J o 0 " .. ' 
H (VIII) 

where D II and D 1 are the optical densities of the solution 

measured with the aid of a light beam whose polarisation vector 
e makes an angle a = (e, F) with the direction of the field F. 
The subscripts II and 1 correspond to a = 0° and 90°. 

Instead of optical densities, in the method based on electro
chromism one records their increments induced by the orienta
tion of the dipoles by the field. They are referred to below 
as the electrochromism spectra 6.D. Neglecting the small 
effects associated with the electronic polaris ability , the 
following expressions were obtained from Liptay's theory6 in 
conjunction with Chernyakovskii's study: ~ 

(1) 

where 

.. 
A - 30 (1-3 cor1}(1-cos' 8). (2) 

ab 
B -""5 {{Jl. co. ~-I1') [2-cos' 8-cos'l(1-3co.' 8H+ 

+ .... in ~ cos x sin 1 -1(1-3 co.' 8l}. 

a-I1,F/kT. b-F/hc. (3) 

The following notation has been used in Eqns.(D..:::(3): Dis 
the optical density, v the wavenumber, B = <llg, 11;>, K the 
angle between the projections of Ile and m on to a plane 
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perpendicular to F. Assuming that mllAll, where All = 
~e-lIg' we find that 

.6 
B -"T6J& _t(2-cos"9+{1-2 CO,1 t) (t-3 co" 9»). 

from the electrochromism spectra, we obtain 

cos' t-2-'/adD,c I-"'l/WI(I-'"I' 

The Figure illustrates the absorption spectra D of solutions 

(4) 

of compounds (II) and (V) and the electrochromism spectra 
t.D, 6Dl' and 6D 2 for 9 = 90°. The spectra for 9 = 55° are 
not illustrated in order not to complicate the Figure. From 
the overall form of 6D(9 = 900) alone, without isolating 6D 1 , 

it Is possible to estimate y in the range 90° > y > 0°, because, 
according to Eqn.(2), 6D 1 changes sign at y = 55°. The 
Table presents the values of cos y and y calculated by Eqn. 
(4) as well as the dipole moments of the molecules and com
plexes calculated by the methods already described 1-3 (but 
this time with allowance for the angle y obtained in the 
present study) by means of the fonnulae: 

[ 
W,D' (t -3 cos' ,..) ]" 

1'.-1'.' W,'D (1-3 cos',) • 
(5) 

1'. he D W'CI_l (1-3 cos',) 

6J& - -"'3 lrT 8 W'CI_W) co.,(3-2cos',l 
v~ (D/V) 

(6) 

In the calculation of Ilg' the dimethylaminoazobenzene mole
cule was used as the s1andard. Its parameters in Eqn. (5) 
have been designated by an asterisk. 
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The absorption D (curves 1 and I' ) and electrochromism AD 
(curves 2 and 2' ). t. D 1 (curves 3 and 3'), and t. D 2 (curves 
4 and 4') spectra of compound (II) in toluene (curves 1-4) 
and ot compound (V) in dioxan (curves l' -4'). For the 
eXplanation ot the Figure. see text. 
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Compounds (I)-(III) have been thoroughly investigated 7-9 

and have been used to test the method proposed. A satis
factory agreement has been observed between the values of 
y, IIg' and lie for these molecules and the values obtained in 
other studies (see Table) The relative error in the measure
ment of cos y, Ilg' and lie does not exceed 5% for a reliability 

coefficient of O. 95. 

The angles y and the dipole moments of the molecules and 
complexes (in units of 33.3 x 10- 30 C m). 

Molecule lAm"". nm ('"os y -Y. deg ",.0 

Toluene 

I ~ !.OO±O.OI o,on 17.3±0,2; 7.117) 134.3±0.3; 32 [8) 
II 465 !,OO±O.Ot 0.0 7 8.1±0.2; 8.0 7 25.(i±0.2; 25 [i J 

III 4SO !,OO±O.ot 0.0 7 6.6±0.2; 6.6 71 33.9±O.5; 29.6 (9) 
IV -460 0.9S±0.01 11 5.8±0.1 34.S±0.S 

Dioxan 

V 430 0A6±0.02 63 2O.0±0.1 18.7±0.1 
VI 550 O.86±O.Ot 30 4.2±O.1 37.6,00.4 

VII 540 0.89,00.01 27 S.6±0.7 15.1,00.4 
VIII 550 0.91±0.01 25 S.8±O.3 31.7±0.4 

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

Compounds (1)-(lV) were purified on a chromatographic 
column filled with AIzO 3 and compounds (V)- (VIII) were 
purified by recrystallisation. Piperidine was used as the 
proton acceptor in the complexes and the solvents were tolu
ene and dioxan. The dried liquids were redistilled before 
use. The concentration of the solution was -10- 3 M. The 
absorption and electrochromism spectra were recorded on the 
apparatus already described. ~,9 The overall electrochromism 
AD spectra were separated into the contributions llD1 and 
AD2 with the aid of a computer. 

The determination of the direction of the electronic moment 
of the transition is necessary for the calculation of IIg and lie 
for various molecules. The knowledge of these quantities 
for complexes with and without transfer of a proton makes it 
possible to determine from their electrochromism spectra the 
angle between the dipole moments of the components of the 
complex. This yields new information about the geometry 
of hydrogen-bonded complexes. 
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