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Temperature dependences of density, refractive indices, and dielectric constants have 

been measured for mesogenic compounds of C,HZk+ *, as well 

as for some of their cyano-analogues: CkH2k+1- m - C N  and 

CkH,,,,-. The effects of substituting a phenyl ring by a cyclo- 

hexyl ring, as well as of a -CN group by an -NCS group have been analyzed. The 
results lead to the following conclusions: (i) the above exchange of rings leads to 
mesogens the long molecular axes of which do not coincide with the axes of the terminal 
groups, - -CN or -NCS; (ii) antiparallel correlation of molecular dipoles found for 
cyano-mesogens does not occur in the case of isothiocyanato-mesogens. 

INTRODUCTION 

The aim of this paper is to present and discuss some physical prop- 
erties of recently synthesized compounds belonging to the homolo- 
gous series of 4-(truns-4’-n-alkylcyclohexyl)isothiocyanatobenzenes 

?Paper presented at the 10th International Liquid Crystal Conference, York, 15th- 
21st July 1984. 
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238 J. W. BARAN el al. 

(CHBT) of general formula 

CkHZk + 1 -@-@CS. 

The homolologues with k = 3, 4, 5, 6, 7 ,  8, 9 and 10, studied by 
us, are nematics. Their temperature dependences have been meas- 
ured for such quantities as: (i) density p(T); (ii) refractive indices: 
isotropic ni( T), extraordinary n,(T) and ordinary n,(T); (iii) dielec- 
tric constants: isotropic ei(T), as well as parallel e,,(T) and perpen- 
dicular el( T )  to the director of the aligned nematic sample. This was 
the basis for calculating the following quantities: (i) the mean a, 
longitudinal a,, and transverse at polarisabilities, using the well known 
formulae by Lorentz-Lorenz for the isotropic phase, and those by 
Neugebauer-Saupe-Maier' for the nematic phase; also the extrapo- 
lation procedure of Subramhanyam? was used; (ii) the effective dipole 
moment p and angle p between the vector $ and the long axis of 
the molecule, making use of Maier and Meier's f ~ r m u l a e . ~  The results 
have been compared with analogous results for nematic 4-n-alkyl-4'- 
cyanobiphenyls (CB) 

and 4-(truns-4'-n-alkylcyclohexyl)cyanobenzenes (PCH) 

CkH,,'- (k = 5, 7, 10). 

This enables us to draw conclusions relating to (i) the structure of 
molecules in the CHBT series; (ii) the effect of substituting the -CN 
group by a -NCS group and of the phenyl ring by a cyclohexyl ring 
on the polarisability and dipole moment of molecules; (iii) the virtual 
association of the molecules under consideration. 

EXPERIMENTAL 

The refractive indices were measured by means of an appropriately 
prepared Abbe refractometer for X = 589 nm. The experimental 
errors were of the order: Ani = Ano = 0.0002, and An, = O.OOO5. 
The temperature of the samples was stabilized to an accuracy of 0.3 
K. Measurements have been carried out for all nematics enumerated 
in the Introduction. 

Density was measured by means of a pycnometer. The experi- 
mental error was of the order 0.4 kg/m3. Measurements have been 
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MESOGENIC ISOTHIOCYANATES 239 

carried out for three homologues in the PCH series and for two 
homologues (k = 3 and 6) of the CHBT series. For the remaining 
nematics of the latter series, their densities have been evaluated by 
resorting to refractive indices and the previously established linear 
dependence of the mean polarizability of molecules on the number 
of carbon atoms in the alkyl  chain^.^ The error of such an evaluation 
does not exceed 0.4%. Densities for the CB series have been taken 
from the l i t e r a t ~ r e . ~ . ~  

Dielectric constants have been determined by measuring the cell 
capacity in the form of a condenser filled with the nematic under 
study. The thickness of the nematic layer was 220 pm, and the voltage 
used had its amplitude equal to 3 V and a frequency of 1592 Hz. In 
the nematic phase, the samples were aligned with a magnetic field of 
ca. 1 T. Nematic SCHBT is monotropic, and we failed to supercool 
it for the dielectric measurements. Nematics of the CHBT series 
displayed a high electrical resistance (ca. lo9 R cm). On the other 
hand, the compounds of the PCH series had a low resistance, e.g., 
in the case of lOPCH, this prevented us from obtaining reproducible 
results in the dielectric measurements. The results for the CHBT 
series (smoothed and interpolated) are collected in Table I. 

DISCUSSION AND CONCLUSIONS 

The mean polarisability a calculated from ni( T) and p( T) for 6CHBT 
amounts to a6 = 39.04 ? 0.03 A’. For other members of the series 
(k # 6), ak was calculated from the formula 

ak = a6 + 1.87 (k-6) A3 (1) 

where 1.87 * 0.01 A3 is the mean polarisability of the methylene 
group in the alkyl chains of n e m a t ~ g e n s . ~  The dependences of the 
longitudinal a, and transverse a, polarisabilities for the three series 
under consideration are shown in Figures 1 and 2. 

A comparison of the polarisabilities a, al, and at of corresponding 
(the same k) members of various homologous series enabled us to 
evaluate changes &a, &a, and ha, in these quantities which are brought 
about by substitution of a phenyl by a cyclohexyl ring or of a - C N  
by an -NCS group. These changes are collected in Table 11. The 
change in the mean polarisability caused by substitution of a phenyl 
by a cyclohexyl ( - 0.57 A’) ring is close to the difference’ in the mean 
polarisabilities of cyclohaxane and benzene ( - 0.7 A3). Therefore, it 
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242 J .  W. BARAN ef al. 

FIGURE 1 Longitudinal polarisabilities of the CB, PCH and CHBT series 

may be said that non-additivities of contributions to the mean po- 
larisability brought about by these two kinds of ring are mutually 
comparable. 

Another effect, however, is established when a --CN group is 
substituted by an -NCS group. In this case the experimental value 
of the rise in mean polarisability (4.8 A’) is higher than the value 
calculated from additivity of polarisability of bonds (3.8 A”). It must 
be supposed that the n-electron conjugation of the phenyl ring with 
the -NCS group affects polarisability more strongly than that with 
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MESOGENIC ISOTHIOCYANATES 243 

TABLE I1 

The effect of substitution of the - C N  group by the -NCS group and of the phenyl 
ring by the cyclohexyl ring upon the molecular polarisabilities of mesogens 

Substitution 6a ( A 3 ) a  6al (A31 Sa, (A31 

-0.51 f 0.02 -4.56 2 0.06 1.42 d 0.06 

-€N --* -NCS 4.82 f 0.02 9.0 5 0.6 2.7 5 0.3 

"1 A' = 1 . 1 1  x lo-@ C2 mz J - '  

the -CN group. An analysis of changes in longitudinal a, and trans- 
verse a, polarisabilities leads us to the conclusion that they are mainly 
caused by non-colinearity of the long axes of the phenylcyclohexyl 
units with the axes of their terminal groups, -CN or -NCS. The 
axes ought to form an angle of ca.25". 

The effective values of components p,, and pt of dipole moments 
of molecules may be calculated from values of ell and z, for any 
temperature. For that purpose use should be made additionally of 

FIGURE 2 Transverse polarisabilities of the CB, PCH and CHBT series 
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244 J .  W. BARAN et al. 

TABLE 111 

Mean values of the dipole moments and of their orientation angles for the CB, 
PCH and CHBT series 

~~~ 

Series )L ( 1 o - Y  m) )L, (10-3"C m) pt (lO-'"C m) P (7 
~~ 

CB 10.8 ? 0.3 10.8 2 0.3 0 0 

PCH 10.0 t 0.5 8.9 5 0.1 4.1 ? 0.5 25 t 2 

CHBT 8.8 t 0.4 8.1 2 0.3 3.5 2 0.6 23 2 3 

10-mC m = 0.3 D 

the dynamic polarisability, as well as of the order parameter, both 
determined from the refractive indices. If any polar compound forms 
associates with the dipole moments of the molecules situated parallel, 
it would be expected that with an increase in temperature, the parallel 
component of the effective dipole moment ought to grow. That would 
be a result of thermal breakdown of associates. Such an effect was 
established, e.g. for members of the CB seriess On the other hand, 
this effect has not been observed for any nematic studied in the CHBT 
series. This is evidence for absence of antiparallel association of the 
molecules in the nematics of this series. This is also consistent with 
the results of X-ray structural studies by Dabrowski et d9 

The above conclusion is also confirmed by the average values of 
effective dipole moments for the three series under study. They are 
collected in Table 111. Thus, for the CB and PCH series, the total 
dipole moments are visibly lower than the dipole moment of the -CN 
group (13.5 X C m), whereas for the CHBT series, the moment 
is comparable with the dipole moment of the -NCS group. 

The difference between the dipole moments of the CB and PCH 
series determines the order of the effect on the dipole moment of r- 
electron conjugation between the phenyl ring carrying the alkyl group 
in the CB with the residue of the molecule. Table I11 shows that this 
is a slight effect. On the other hand, a strong effect of substituting a 
phenyl ring by a cyclohexyl ring consists in the appearance of a non- 
colinearity of the vector of the dipole moment in the mesogen with 
its long axis. The angle p, evaluated here, between these two direc- 
tions is in agreement with the angle obtained from the analysis of the 
polarisability of the molecules. Both results are in accord in indicating 
that even when only one cyclohexyl ring is introduced next to the 
alkyl chain, the orientation of the long axis of the molecule in relation 
to its rigid core is changed. 
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