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Nematic Ordering in nOCB Series from 
Molecular Polarizabilities 
M. MlTRA 
Depf. of Physics, Bangabasi Morning College, 19 Scott Lane, Calcutta 700 009, India 

(Received April 27, 1993) 

The molecular polarizabilities (a0, a,) of the four members of the homologous series of cyano-alkyloxy- 
biphenyl (C.H,, ,+, .O.+.+.CN for n = 5 to 8) in the nematic range have been calculated using two 
different internal field models. The additive rule of bond polarizabilities has been adopted to get the 
mean polarizability (a) and the principal molecular polarizability anisotropy (a, - a,) values for these 
compounds. The orientational order parameters have been calculated from these results. The ordering 
exhibits an odd-even alternation along the series. The results have been compared with different theories. 
Possible causes for deviation from the theories have been discussed. Besides the relative stabilities of 
the alkyloxy cyano biphenyls have also been discussed in terms of the molecular parameters. 

Keywords: molecular polarizability, order parameter, odd-even effect 

INTRODUCTION 

The optical birefringence studies on liquid crystal materials are very important, 
because the anisotropy of the molecular polarizabilities plays a significant role in 
the intermolecular interaction. Measurements of refractive indices (no, n,) of liquid 
crystals and densities can be analysed to get the informations about the polariza- 
bilities as well as the degree of orientational order of the constituent molecules. 
The relationship between the refractive indices (no, n,) and the molecular polar- 
izabilities (a,,, ( y e )  is not straightforward. The intricate assumptions involved in 
defining the local electric field in an anisotropic medium like nematic is a subject 
of discussions. Different internal field models have been suggested so far for liquid 
crystals.’-’ The present author used Vuks’ isotropic’ and Neugebauer’s anisotropic2 
internal field models to calculate the molecular polarizabilities (a,,, a,) from the 
refractive index and density data. 

Different techniques based on different anisotropic properties of liquid crystals 
have been employed to determine the orientational order parameter (P,)  of several 
nematic liquid crystals. In most cases the reported order parameters do not follow 
the unique curve drawn from the mean field theory given by Maier and Saupe.X 

This work has been reported in 14th Int. Liq. Cryst. Conf., Italy, 1992 (Abstract no. A-P12). 
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18 M. MITRA 

The experimental (P2) values deviates most from the mean field theory near ne- 
matic-isotropic transition temperature ( T,). Several possibilities have been pro- 
posed so far to explain such deviation. The present author reports here the nematic 
ordering in cyano-alkyloxy-biphenyns (C,H2,+ * 0 * 4 4 * CN, n = 5 to 8) from 
molecular polarizability calculations. The results show pronounced odd-even al- 
ternation along the series. Moreover, the stabilities of the alkyloxy cyano biphenyls 
have been discussed in terms of molecular interaction via anisotropic dispersion 
forces as well as rigid-body repulsions. The transition temperatures of the four 
compounds are given in Table I. 

The data for refractive indices (no, n,) of the four compounds have been taken 
from l i terat~re .~ The refractive indices and the densities of 50CB and 80CB have 
already been reportedlOJ1 from our laboratory. Probably due to presence of trace 
impurities in the experimental 80CB sample" they found a first order phase tran- 
sition from smectic A to nematic, which was not found by others for pure 80CB 
sample. There might be some errors in the values of refractive indices and densities 
for 80CB as a pure sample. So the following procedure has been adopted here to 
get the density values of the four compounds. 

The densities of 50CB sample have been taken from literature." The densities 
of the other three compounds at different temperatures have been evaluated with 
the help of the density data of nCB compounds reported by Dunmur and Miller.12 
The variation of density of nCB and nOCB with (T, - T )  is assumed to be similar. 
Figure 1 is given to justify this assumption for 5CB and 50CB. The density of 
50CB at every (T,  - T) value is equal to the density of 5CB at the (Tc - T) 

TABLE I 
Transition temperatures of the four alkyloxy cyano biphenyls (C,H,+ - 

O.+-+.CN, n = 5 to 8) 

* .  0 T r a n s i t i o n  t e m p e r a t u r e s  i n  C 
C o m p o u n d s  

t k  t5 t C  

50CB 48. o - 68.0 

6OCB 57.0 - 75.5 

70CB 54.0 - 74.0 

am3 54.5 67.0 a0.o 

* 
tk = s o l i d  -> s m e c t i c  CI or n e m a t i c  

t5 = s m e c t i c  A -> n e m a t i c  

tc = n e m a t i c  -> isotropic 
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FIGURE 1 Variation of density of 5CB and 50CB with (Tc - T ) .  

value plus 0.02 gm./c.c. So, for the other three compounds the relation used to 
calculate the densities at different temperatures is given below. 

where pnOCB and pncB stand for the densities of nOCB and nCB samples respectively 
corresponding to the same (T,  - T )  value. 

THEORETICAL BACKGROUND 

Polarizabilities 

Chandrasekhar and Madhu~udana'~ first applied Vuks' model to nematic liquid 
crystals. In this model, it is assumed that the internal field is isotropic even in an 
anisotropic medium. With this assumption the equations relating the molecular 
polarizabilities (ao, a,) and refractive indices (no, n,) can be written as 
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20 M. MITRA 

where N is the number density of molecules and n[ = {(nz + 2n2,)/3}1’2] is the mean 
refractive index. 

Following Neugebauer’s model Saupe and Maier14 supposed that the molecules 
in a nematic medium are distributed over a simple lattice. So they applied the 
anisotropy of internal field in a crystal as developed by Neugebauer to nematic 
liquid crystals. Neugebauer’s relations for the liquid crystalline phase can be written 
as 

and 

ye,,, are the internal field constants corresponding to the refractive indices n,,,,. The 
relevant equations for calculating the polarizabilities (ao, ae) obtained from Equa- 
tions (2)  and (3) are 

(l/ae + 2/ao) = (457N/3)[nz + 2)/(n: - 1) + 2(ng + 2)/(ni  - l)] (4a) 

(a,  + 2a0) = (9/457N)[(n2 - l)/(n2 + 2)] (4b) 

Order Parameter 

The extra-ordinary and ordinary polarizabilities (a,,, a,) corresponding to the elec- 
tric vector parallel and perpendicular to the optic axis respectively in a uniaxial 
nematic liquid crystal are expressed by15 

where (P2) is the orientational order parameter and a1 nad a, are the molecular 
polarizabilities parallel and perpendicular to the molecular long axis. The average 
polarizability a is expressed by 

a = (a, + 2ao)/3 = (a1 + 2a,)/3 (6) 

Combining Equations ( 5 )  and (6) we get 

RESULTS AND DISCUSSIONS 

The molecular polarizabilities (ao, a,) calculated by using Vuks’ isotropic and 
Neugebauer’s anisotropic field models have been listed in Table 31. Due to lack 
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NEMATIC ORDERING IN nOCB 21 

of refractive index data in the crystalline state the values of a1 and a, were not 
calculated directly. In order to obtain (a1 - a,) the author has used the Haller's 
extrapolation procedure. l6 The additive rule of bond polarizabilities has been adopted 
to get the mean polarizability a and (a1 - a,) values for the four compounds. The 
bond polarizability values are available in the literatures. 17718 When calculations 
are made assuming the molecules to be non-conjugated, it is found that there is a 

TABLE I1 

Polarizabilities (ao, u,) and orientational order parameter (P,) of the four compounds 
for A = 6328 A 

Temp. Vuks ' model Nwgebauer's m o d e l  

0 
a m a <P2>. 

0 
a a c 

32.0 

36.9 

40.0 

44.0 

40.0 

52.0 

54.0 

56.0 

58.0 

60.0 

62.0 

64.0 

66.0 

66.5 

67.0 

67 5 

67.0 

67.9 

39.5 

43.5 

47.5 

51.5 

55.5 

59.5 

61.5 

26.60 44.26 

28.77 43.91 

28.06 43.56 

20.97 43.18 

29.12 42.80 

29.27 42.4. 

29.30 42.16 

29.50 41.09 

29.67 41.60 

29-05 41.24 

30.09 40.70 

30.35 40.24 

30.00 39.38 

30.97 39.08 

31.16 38.71 

31.42 38.12 

31.69 37.47 

31.02 37.16 

30.06 46.49 

30.14 46.10 

30.23 49.69 

30.35 45-28 

30.40 44.88 

30.66 44.43 

30.76 44.15 

SOCB 
0.6033 

0.6640 

0.6447 

0.6232 

0.6000 

0.5759 

0.5605 

0.5434 

0.5237 

0.4996 

0.4b89 

0.4330 

0.3767 

0.3557 

0.3311 

0.2938 

0.2535 

0.2346 

6QCB 
0.7067 

0.6065 

0.6649 

0.6422 

0.6194 

0.5923 

0.5763 

29.60 42.26 

29.74 41.97 

29.80 41.68 

29.07 41.37 

29.99 41 07 

30.10 40.74 

30.18 40.55 

30.20 40.33 

30.42 40.10 

30.57 39.81 

30.76 39.44 

30.96 39.01 

31.33 30.32 

31.47 38.07 

31.63 37.37 

31.84 37.29 

32.04 36.76 

32.15 36.53. 

31.10 44.41 

31.15 44.09 

31.20 43.75 

31.20 43.41 

31.30 43.08 

31.52 42.72 

31-57 42.49 

0.6074 

0.66,83 

0.6492 

0 .  ,5284 

0.6055 

0.3814 

0.5661 

0.5452 

0 .) 5295 

0.5O!iS 

0.4743 

0.4393 

0 -3820 

0.3606 
0.3355 

0.2970 

0.2574 

0.2503 

0.7099 

0.6901 

0.6688 

0.6469 

0.6245 

0.5973 

0.5013 
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22 M. MITRA 

TABLE I1 (Continued) 

Temp. Vuks model Nwgebaucr's model 

0 
a e a <P2> a 

0 e a < Pp> 

63.5 30.89 43.86 0.5578 31.69 42.25 0.5632 

65.5 

67.5 

&?. 5 

70.5 

71.5 

72.5 

JA.5 

74.0 

74.5 

75.0 

75.3 

75.4 

-- 

38.0 

42.0 

46.0 

50.0 

54.0 

58.0 

60.0 

62.0 

64.0 

66.0 

68.0 

70.0 

71.0 

72.0 

72.5 

73.0 

73.5 

73. 8 

73.9 

68.0 

70.0 

31.04 

31.23 

31.46 

31.59 

31.75 

32.00 

32.16 

32.33 

32.51 

32.79 

33.08 

33.27 

32.10 

32.17 

32.26 

32.36 

32.48 

32.63 

32.71 

32.83 

32.98 

33. ia 
33.68 

33.66 

-53.87 

34.15 

34.37 

34.62 

34.97 

35.32 

35.52 

34.42 

34.57 

43.51 

43.12 

42.64 

42.36 

42.03 

41.62 

41.15 

40.85 

40.47 

39.86 

39.29 

38.98 

48.10 

47. a2 
47.46 

47.10 

46.7.3 

46.30 

46.06 

45.78 

45.48 

45.12 

44.73 

44.18 

43.82 

43.27 

42.86 

42.38 

41.59 

40.86 

40.46 

46.55 

0.5368 

0.5114 

0.4804 

0.4632 

0.4422 

0.4138 

0.3a62 

0.3665 

0.3419 

0.3041 

0.2671 

0.2455 

7ocB 

0.6842 

0.6655 

0.6468 

0.6272 

0.6064 

0.5821 

0.51577 

0.551 1 

0.5319 

0.5085 

0.4826 

0.4477 

0.4234 

0.3881 

0.3613 

0.3302 

0.2817 

0.2357 

0.2102 

m o m  
0 I 5060 

0.4902 

31.81 

31.96 

32.15 

32.25 

32.38 

32.59 

32.71 

32.85 

33.00 

33.22 

33.46 

33.61 

33.10 

33.15 

93.21 

33.27 

33.36 

33.47 

33.53 

33.62 

33.74 

33.91 

34.07 

34.30 

34.47 

34.70 

34.88 

35.09 

35.37 

35.66 

35.82 

35.15 

41.97 

41.65 

41.26 

41.04 

40.77 

40.44 

40.05 

39.81 

39.50 

39.00 

38.53 

38.29 

46.17 

45.87 

45.58 

45.27 

44.97 

44.62 

44.42 

44-20 

43.95 

43.67 

43.35 

42.90 

42.61 

42.17 

41.83 

41.44 

40.79 

40.20 

39.87 

45.09 

44 - 90 

0.5419 

0.5168 

0.4859 

0.4683 

0.4475 

0.4187 

0.3915 

0.3712 

0.3467 

0.3083 

0.2709 

0.2491 

0.6879 

0.6695 

0.651 1 

0.6321 

0.61 1 0  

0.5a68 

0.5731 

0.5563 

0.5374 

0.5137 

0.4879 

0.4526 

0.4284 

0.3926 

0.3698 

0.3342 

0 . 2 8 ~ 3  

0.2389 

0.2137 

0.51 10 

~ 46.31 ~ 35.27 ~ 0.4951 
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NEMATIC ORDERING IN nOCB 23 

TABLE I1 (Continued) 

T e m p .  Vuks m o d e l  
~~ 

Neugebauer ‘ 5  m o d e l  

a < Pz, 
0 e a CP2> a 

D e a C O O  

72.0 

74.0 

76.0 

77.0 

78.0 

78.5 

79.0 

79.5 

79. 8 

79.9 

34.74 

34.96 

35.26 

35.45 

35.68 

35-06 

36.09 

36.40 

36.70 

36.91 

46.04 

45.70 

45.24 

44.97 

44.61 

44.32 

43.97 

43.45 

42.90 

42.49 

0.4718 

0.4404 

0-4167 

0 I 3975 

0.3729 

0.3592 

0.3290 

0.2944 

0.2585 

0 - 2330 

35.42 

35.60 

35. a5 

36-02 

36.21 

-36.36 

36.56 

36. a2 
37.07 

37.24 

44.69 

44.42 

44.05 

43.04 

43.54 

43.31 

43.03 

42.62 

42.16 

41.03 

0.4766 

0 - 4535 

0.421 1 

0.4021 

0.3774 

0.357’: 

0.3332 

0.2977 

0.2617 

0.2360 

G and a are in c m 3  units. 
0 e 

sharp disagreement between the experimental and calculated values. This may be 
due to the enhancement of the bond polarizability values in the conjugated region. 
So the molecular polarizabilities have also been calculated using double bond 
polarizability values for the conjugated region ( - 4 - 4 - CN). 

To get the experimental (a1 - a,) values for these compounds the following 
procedure was employed. For 50CB, the (a1 - at) value was obtained from 
Haller’s extrapolation procedure and this value corresponds well to the reported 
value. lo As the alkyl chain increases the molecular polarizability anisotropy should 
increase slightly. The incremental part was obtained from the calculations made 
for additive rule of bond polarizabilities. For details the author refers to the earlier 
paper on nCB series.19 Table I11 contains the values of experimental and calculated 
mean polarizability (a) and the principal molecular polarizability anisotropy (a1 
- a,) of the four compounds. From Table I11 it is clear that for this homologous 
series the double bond polarizability values for the conjugated region give much 
higher mean polarizability than the experimental one, but the calculated (a1 - a,) 
values are quite close to the values obtained from Vuks’ model. On the other hand, 
the assumption of a molecule to be non-conjugated gives lower a-values in com- 
parison with the experimental results and this time the calculated (al - a,) values 
are quite close to the Neugebauer’s model. 

The variation of order parameter (Pz)  with (Tc - T), T, being the clearing 
temperature, for the four compounds has been displayed in Figure 2. The ordering 
exhibits a pronounced odd-even alternation along the series. To have a clear picture 
of the odd-even effect different molecular parameters, viz. ; optical birefringence 
An[ = (n, - no)],  transitional order parameter (PZ), and the internal field constant 
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24 M. MITRA 

TABLE 111 

Mean polarizability (a) and molecular polarizability anisotropy (a, - a,) of the compounds nOCB - 
a x cm? (al - at) cm? 

Compounds Calculated Ex per i ment a1 Calculated 
Expt 

Non-con; Con ju; Vuks's Neug. Non-con, Con juc 
jugated gated model model jugated gated 

5M=% 33-60 32.31 36.68 22.80 18.30 20.60 22.60 

60CB 3J.20 34.47 38.47 23.25 18.75 21.05 23.05 

70CB 37.20 36.26 40.26 23.50 19.00 21.30 23.30 

0OCB 35.80 35.00 42.05 23.95 19.45 21.75 23.fa 

* Taking average o+ single and double bond polarizability values for 

the conjugated region. 

Taking double bond polarizability values for the conjugated 

region. 

+ 

-ye corresponding to the extra-ordinary ray at (T,  - T )  = 0.1"C are listed in Table 
IV. The nematic-isotropic transition temperatures ( T,) of all the compounds are 
also included in Table IV. Figure 3 shows the odd-even alternation of ordering at 
(T ,  - T )  = 0.1"C along the number of carbon atoms (n)  in the end chain. So the 
molecular flexibility plays also an important role in the stability of mesophases, 
via anisotropic interaction between the molecules. Dowel1 and Martire20%21 have 
studied the effect of chain flexibility and chain length on the transition properties 
by assuming both attractive and repulsive forces taking part in the interactions. On 
the other hand, Marteljazz has presented a theory which accounts the anisotropic 
interaction between the rigid cores and the flexible chains. According to Marcella's 
theory the orientational order parameter (P2)  should depend significantly on the 
end chains and should also exhibit pronounced odd-even effect for a particular 
homologous series. The results of this paper may be interpreted within the frame- 
work of this model. 

The variation of ( P z )  with temperature deviates from the Maier and Saupe (MS) 
mean field model. Near T, the (P,) values for the four compounds lie between 
0.21 to 0.25. But according to MS theory this value at T, should be 0.43 for all 
nematogens. For nCB (n  = 5 to 9) series'' this type of deviation was found to be 
quite less than the nOCB series. So the temperature dependence of (P2)  for these 
four compounds can not be explained by simple mean field theory. The author has 
also calculated the (P2)  values at different temperatures using the modified mean 
field theory suggested by Humphries et (HJL theory). The HJL theory too 
fails to explain the present results. Because the JHL curves are almost parallel to 
the MS curve, so the HJL theory can only fit the experimental (P2)  values over a 
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0 + 50CB 

@-+ 60CB 

@+ 7OCB 

@+ 80cB 

0.7 

0.6 

3.5 

3.4 

0.3 

NEMATIC ORDERING IN nOCB 

- 0.7 

- 0.6 

- 0.5 

- 0.4 

-0.3 

- 0.2 

TABLE IV 

Values of different molecular parameters at T, - T = 0.1"C and T, of the four 
compounds to show odd-even effect 

Tc 
< p 5. 

2. c y ,  
Compounds (An)= 

5OCB 0.0740 0 - 2346 3.996 68.0 

75.5 ClOCB 0.0745 0.2455 3.992 - 
70CB 0.0605 0.2102 4.030 74.0 

BOCB 0.0647 0.2330 4.016 ao. o 

25 

0.6 

0.5 t 
A 
N 
a. 
V 

0.4 

0.3 

0.2 
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26 M. MITRA 

n- 
FIGURE 3 Variation of transitional order parameter (P2), with the number of carbon atoms in the 
end chain, 

0.6 

0.5 

t 
; 0’4 
0 
E 
U 
L 
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FIGURE 4 Comparison of experimental order parameter (P2) of 80CB with different theories. 

limited temperature range. Figure 4 is given as a model picture to show these 
deviations for 80CB. 

The stability of the nematic phase in the alkyloxy cyano biphenyls can be under- 
stood by considering the intermolecular interactions. The molecular field theory 
given by Maier and Saupe for the existence of nematic phase is based on the 
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NEMATIC ORDERING IN nOCB 21 

anisotropic dispersive interaction between the rigid molecules. According to this 
theory the nematic-isotropic transition temperature T, is given by, 

where kb is Boltzmann’s constant, AM, is the substance constant which is related 
to the strength of the dispersive interactions and V is the molar volume at the 
clearing point. A linear relation between AMS and (a1 - can be established 
after some approximations. The relation is given byz4 

AMs = (41~’/135)(011 - aJ2Z (9) 

Here Z is the ionization potential. Figure 5 is plotted for AMs vs. (a1 - a,)* curve 
which is almost linear. So there is a good correlation between AMs and the observed 
(a1 - aJ2 values. From Figure 5 it is clear that the value of Z for these four 
compounds are more or less same i.e., I is mainly dependent on the aromatic 
r-electrons in the rigid part of the molecules. 

The mean field model has been refined and extended by De Jeu et aLZ5 and 
Kimura.26 They assumed a hybrid model combining both attractive and repulsive 
interactions. The relevant equation or substance constant (AK) given by Kimura 
is as follows: 

22 

t 2o 
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0 18 
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Q, 

9 16 
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E 

0)  
I 

U 

14 

12 
500 5 20 540 560 580 

(dL-dt)2/ lo- 48 cm6 - 
FIGURE 5 Variation of substance constant AMs with (a1 - a,)’ for the four compounds. 
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28 M. MITRA 

where Av = 2 D L 2 [ 1  - (D/L)I2, D and L are the breadth and length of the 
molecules respectively, n is the number density. 

In this case the value of D for all the samples is taken to be a 5 A2’ and the 
molecular length of the molecules have been obtained by using stereo model unit. 
The results from Equation ( 1 )  suggest that the rigid body repulsive interaction 
makes a minor contribution to the stability of these four compounds since the 
length/breadth ratio is not so high. 

The orientational order parameter ( P 2 )  values at different temperatures of the 
compounds have also been calculated following Kimura’s model. According to this 
theory the expression for (P2)  is given by 

P,(COS e)exp[T(P,)P,(cos e)] ~ ( C O S  e) 

/om’2 exp[r(P,)P,(cos ell d(cos e) 
(PZ) = 

where r = AKn2/k,T + ( 5 d 3 2 ) A v n .  
This theory also fails to explain the observed (P,) values for the four compounds. 

In Figure 4 the results for 80CB is shown only. 
The continuum theory of disorder in nematic formulated by Faber2* has also 

been tested here. The values of elastic constants Kit’s of 80CB are available in the 
 literature^.^^,^^ But no such data are available for the other three compounds. The 
results of continuum theory for 80CB have already been reported.ll For compar- 
ison, this result is again plotted in Figure 4. From Figure 4 it is seen that Faber’s 
continuum theory is closer to the experimental observations than the other mean 
field theories. Better agreement of Faber’s theory with the experimental results 
has already been shown by Paul.31 

Acknowledgments 

The author records his gratitude to Prof. R. Paul, Dept. of Physics, North Bengal University for valuable 
discussions with him. The author is also thankful to University Grants Commission, New Delhi for 
financial assistance. 

References 

1. M. F. Vuks, Opt. Spectros., 20, 361 (1966). 
2. H. E. J. Neugebauer, Canad. J .  Phys., 32, 1 (1954). 
3. W. H. de Jeu and P. Bordewijk, J .  Chem. Phys. ,  68, 109 (1978). 
4. H. I. Ibrahim and W. Haase, Mol. Cryst. Liq. Cryst., 66, 189 (1981). 
5 .  A. Derzhanski and A. G. Petrov, C. R. Acad. Bulg. Sc . ,  24, 569 (1971). 
6. P. Palffy-Muhoray and D. A. Balzarini, Canad. J .  Phys., 59, 375 (1981). 
7. P. Palffy-Muhoray and D. A. Balzarini, Canad. J .  Phys. ,  59, 515 (1981). 
8. W. Maier and A. Saupe, 2. Naturforsch., 14a, 882 (1959); 15a, 287 (1960). 
9. J. D. Bunning, D. A. Crellin and T. E. Faber, Liq. Crystals, 1, 37 (1986). 

10. M. Mitra, R. Paul and S. Paul, Acta Physica Polonica, A78, 453 (1990). 
11. M. Mitra, S. Paul and R. Paul, Z .  Naturforsch., 46a, 858 (1991). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
38

 1
8 

Fe
br

ua
ry

 2
01

3 



NEMATIC ORDERING IN nOCB 29 

12. D. A. Dunmur and W. H. Miller, J .  de Physique, Colloque, 40, C3-141 (1979). 
13. S. Chandrasekhar and N. V. Madhusudana, J .  Phys. (Paris), 30, C4-24 (1969). 
14. A. Saupe and W. Maier, Z .  Naturforsch., 16a, 816 (1961). 
15. P. G. De Gennes, Mol. Cryst. Liq. Cryst., 12, 193 (1971). 
16. I. Haller, H. A. Huggins, H. R. Lilienthal and T. R. McGuire, J .  Phys. Chem., 77, 950 (1973). 
17. H. S. Subramhanyam, C. S. Prabha and D. Krishnamurti, Mol. Cryst. Liq. Crysf.,  28,201 (1974). 
18. R. J .  W. Le Fevre, Adv. Phys. Urg. Chem., 3, 1 (1965). 
19. M. Mitra, Phase Transitions, 37, 131 (1991). 
20. F. Dowell and D. E. Martire, J .  Chem. Phys., 68, 1088 (1978). 
21. F. Dowell and D. E. Martire, J .  Chem. Phys., 68, 1094 (1978). 
22. S. Marfelja, J .  Chem. Phys., 60, 3599 (1974). 
23. R. L. Humphries, P. G .  James and G. R. Luckhurst, J .  Chem. SOC. Faraday Trans., ZZ, 68, 1031 

24. W. H.  de Jeu and J .  Vander Veen, Mol. Crysr. Liq. Cryst., 40, 1 (1977). 
25. W. H. de Jeu, J .  Vander Veen and W. J. A. Gossens, Solid Stare Commun., 12, 405 (1973). 
26. H. Kimura, J .  Phys. SOC. Japan, 36, 1280 (1974). 
27. B. Bhattacharjee, S. Paul and R. Paul, Mol. Crysr. Liq. Cryst., 89, 181 (1982). 
28. T. E. Faber, Proc. Royal SOC. London, A353, 247 (1977). 
29. N. V. Madhusudana and R. Pratibha, Mol. Crysf. L q .  Cryst., 89, 249 (1982). 
30. J .  D. Litster, J .  Als-Nielsen, R. J .  Birgeneau, S. S. Dana, D. Davidov, F. Garcia-Golding, M. 

31. R. Paul, Liq. Crystals, 9, 239 (1991). 

(1972). 

Kaplan, C. R. Safinya and R. Schaetzing, J .  de Physique, Colloque, 40, C3-339 (1979). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
38

 1
8 

Fe
br

ua
ry

 2
01

3 




