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MOLECULAR ASSOCIATION AND ELECTRO-OPTICAL PROPERTIES OF 
LIQU ID-CRYSTALLINE 3- (4-ETHOXY PHENYL) -7-NONYLOXYCUMARINE 

E. I.RJUMTSEV, A.P.KOVSHIK and S.G.POLYSHIN 
Institute of Physics Leningrad State University,Leningrad,USSR 

Abstract Electro-optical and dielectric properties of mesogenic 
3-(4-gth oxyphenyl)-7-nonyloxycumarine in solution, in the iso- 
tropic and 1 iquid-crystal line phases have been investigated. 
It was established that the molecular-dipolar and macroscopic 
dielectric properties of the sarnple investigated differ great- 
1Y - 

At present, there are no data in the literature on the experi- 
mental investigations of the structural organization o f  dialkoxyphe- 
nyl cumarines in the liquid-crystalline and isotropical liquid 
states. However, it has been suggested that contact pairs play an 
important role in the formation of the mesomorphic state in this 
class of compounds. 

7-nonyloxycumarine (EPNOC) are described. 

1 

In the present paper, the investigations of 3-(4-ethoxyphenyl)- 

O / O W  ,a& ' K 106,6"C SA111,20C N 118,5"CI 
c9 ",, 

With the aim o f  analysis o f  the dipolar structure of EPf.IOC tilo- 

lecules, the molar Kerr constants K,., and dipole moments in solu- 
tions and the anisotropy of the optical polarisability o f  molecules 
ab were measured. The procedure of measuring t$, and ab have already 

2 been described . 
Table 1 gives the experimental values o f  electric characteris- 

tics of EPNOC molecules which may be used for the determination o f  
another important parameter, the angle 13 formed by the direction o f  
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the permanent dipole moment of the molecule and the axis of its 
greatist polarizability (longitudinal axis of the molecule): 

E. I. Rjumtsev, A. P. Kovshik and S.G.Polyshin 

where NA and k are Avogadre's number and Boltsmann's constant, n is 
the birefringence of the substance being investigated in an electric 
field of strength E, M andfare its molecular weight and density, P 

and Q are the factors of the internal field (Onsager). 
TABLE I 
~m5(300V)-2mol-1] , dipole momentp[D]and angle R['] of EPNOC 

Optical anisotropy ab [cm3], Kerr constant KM 

in solution 
~~ 

in the isotropic melt 

The use of experimental data given in Table I and eq.(l) yield 

The experimentally found value and direction of the dipole mo- 
the value of 8=53" for the EPNOC molecules. 

ment in the EPIIOC molecule have suggested that for the sample being 
investigated a slight positive value of dielectric anisotropy A E  

may be expected in the liquid-crystalline state: 

However, direct mesurements of the main values o f  dielectric 
permittivities in the directions parallel,€,,, and perpendicular, E, 

to the director (optical axis) of EPNOC homogeneously oriented by 
the magnetic field in the nematic and smectic phases showed that this 
liquid crystal is characterized by a high negative dielectric aniso- 
tropy. The temperature dependences ofE,,EL,aEand the dielectric per- 
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MOLECULAR ASSOCIATION AND ELECTRO-OPTICAL PROPERTIES 317 

mittivity of EPNOC in the isotropic phaseE,are shown in Fig.1. 

L s N I 

FIGURE 1 Dielectric permittivities E,,  , E L  €is and dielec- 
tric anisotropynEof EPNOC vs relative temperature T=T-Tis. Curves 
1 and 2 were calculated from eq.2 at B equal 90' and 7 7 O ,  respective- 
ly. 

For the understanding of this very great discrepancy between 
the molecular-dipolar characteristics found in dilute EPNOC soluti- 
ons in bensene and macroscopic dielectric properties of the same 
sample in the liquid-crystalline state, the results of measureGents 
of dipole moments and the investigations of electric birefringence 
in the isotropic melt of EPNOC are Given below. 

lues of refractive index (niS = 1.576) and dielectric pernittivity 
( E  is = 8.6 at T = 124OC) and the equation 

The value of p (Table) was found by using the experimental va- 

9 ( E -  h2) (2E + h2) M 
KT - 

r2 = E(h2+2)2 4rN, p 
( 3 )  

The value of dipole moment obtained in the isotropic phase was found 
to differ only slightly from that determined in EPNOC solutions in 
bensene. However, the Kerr effect measured in the isotropic phase of 
EPNOC differs from that of the same sample in solutions not only in 
absolute value but also in sign (Table I ) .  
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318 E. I .Rjumtsev, A.P.Kovshik and S.G. Polyshin 

The use of KM values obtained at a relatively high temperature 
aT=T-TiS= 100°C and those ofy and ab (Table I) and the application 
o f  eq. ( I )  lead to the value of angle h 9 O 0 .  The electric characte- 
ristics o f  EPNOC obtained in the isotropic melt qualitatively agree 
with the results o f  dielectric investigations of this liquid crystal 
in the mesomorphic state. 

In Fig.1 curve 1 determines the value of dielectric anisotropy 
calculated by using the experimental values ofp , Ab and R=90° ob- 
tained in the isotropic phase of EPNOC and by applying eq. (2). For 
the quantitative correspondence between the experimental values of& 
and those calculated from eq. (2 ) ,  the value of angle R should be 
taken equal to 77" (Fig.l,curve 2 ) .  Hence, in order to correlate the 
molecular-dipolar characteristics of EPNOC with the value and sign 
of its macroscopic dielectric anisotropy, it is necessary to take 
into account a considerable decrease in the contribution of the lon- 
gitudinal component of the dipole moment to orientational polariza- 
tion ( 0 = 7 7 O )  and the corresponding marked increase in the signifi- 
cance o f  its normal component when of the substance passes from a di- 
lute solution into the isotropic phase and subsequentes into the li -  
quid-crystalline state. The estimation of the value of 13 from the 
results of the investigation o f  dispertion o f  the main dielectric 
permittivities of EPNOC in the liquid-crystalline state leads to a 
similar result. Fig.2 shows the dependence ofE,on the frequency of 
the electric field f. 

4 10 I, MHz 100 

FIGURE 2 Dependence of €,on the frequency at 114OC. 

This frequency dependence is characterized by two dispersion 
regions related to the exclusion from the dipolar polarization o f  
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the liquid crystal of rotation mechanisms of polar molecules about 
the transverse and the longitudinal ones, respectively. The data 
shown in Fig.2 indicate that in the frequency range used here the 
orientational mechanism of rotation of molecules about the trans- 
verse axis due to the existance of a certain longitudinal component 
of dipole moment differing from zero,pcosP, is completely ruled out. 
The corresponding low-frequency change in dielectric permittivity, 
( E , , ) ~ -  (El,)1 may be used for the determination 0 . 

2 2  

(€,,)o-(€,,), = P Q  2 a 41, h’ rcosB(l+2s) 
M 3kT 

(4 )  

The experimental value of 
value of R = 77’. 

Hence, the reason for this considerable difference between the 
electro-optical properties of EPNOC in a dilute solution and in bulk 
is an appreciable change in dipolar characteristics upon the transi- 
tion of the substance being analyzed from solution into the isotro- 
pica1 liquid phase and, further, into the liquid-crystal line state 
A drastic decrease in the longitudinal component of the dipole mo- 
ment may probably be related the formation of contact pairs as early 
as in the isotropic phase of EPNOC. This molecular association may 
be accompanied by partial compensation for longitudinal components 
o f  the dipole moment with the retention of the considerable value of 
its normal component. These molecular associates are evidently struc- 
tural elements for passing into the 1 iquid-crystal1 ine state because 
as has been shown above, the dipolar characteristics found in the 
isotropic phase describe the dielectric properties of EPNOC in the 
liquid-crystalline state. 

( E n ) l  = 0.6 and eq. 4 give the 

‘7 
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