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Three mesogenic compounds of the general formula R , - ( H ) - ® - 0 - C - R 2 : H33 (R, = 
O 

C 3 H 7 , R2 = C 3 H 7 ) , H34(R! = C 3 H 7 , R2 = C 4 H 9 ) and H75(R, = C7H15, R2 = C 5 H„) have been 
investigated by differential scanning calorimetry. thermal optical microscopy and X-ray diffrac-
tion methods/Enthalpy changes of The different phase transitions for these compounds have been 
determined. H33 exhibits smectic B and nematic phases, whereas H34 and H75 exhibit only 
smectic B phases. The thickness of the smectic layers and the average intermolecular distance 
have been evaluated, as well as the corresponding molecular parameters in the nematic phase. 

Introduction 

Several series of molecules with cyclohexylphenyl 
core have been synthesized [1—5]; some of these 
compounds exhibit several mesophases. Recently, 
Osman [6] has discussed the impor tance of consider-
ing the effect of substituents, in connection with the 
nature of the rigid core in stabilizing the mesophase 
or favouring a certain one. De Jeu and Eidenschink 
[7] have pointed out that, qui te generally, nonpolar 
molecules form orthogonal smectic B phases. 

Recently, Müller and Haase [8] have s tudied the 
mesomorphic propert ies of a series of disubst i tu ted 
cyclohexylbiphenyls. Interesting was the quest ion of 
how the mesomorphic propert ies of this class of 
substances are influenced by replacing the phenyl 
group attached to the alkyl g roup in the disubst i -
tuted cyclohexylbiphenyls by a carboxylate group. 

Experimental 

The compounds studied are three m e m b e r s of a 
series of compounds with the chemical fo rmula [4] 

R i < E K ö > 0 - C - R 2 

O 
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H33 (R, = C3H7, R 2 = C3H7), H34 (R, = C 3 H 7 , R 2 = 
C 4 H 9 ) and H75 (R, = C 7 H 1 5 , R 2 = C 5 H , , ) . These 
compounds were synthesized at the labora tor ies of 
E. Merck. Darmstadt , and were used as such with-
out any further purif ication. The thermal analysis 
showed that the purity of the c o m p o u n d s s tudied 
was better than 99%. The transition t empera tu res 
and enthalpy changes were de termined using a D u 
Pont differential scanning calorimeter . T h e transi-
tion temperatures were conf i rmed by a Leitz Or tho-
plan polarizing microscope, equ ipped with a 
Mettler FP52 hot stage. 

The classification of the liquid crystalline phases 
was confirmed by texture observations. To establish 
these phases. X-ray diffract ion studies were carr ied 
out. Photographs were made f rom oriented and 
nonoriented samples in 0.7 m m L indemann glass 
tubes using CuK x radiation. An e lect romagnet of 
about 1 Tesla was used to orient the samples . 

Results and Discussions 

Thermal and microscopy data 

The transition temperatures and transi t ion 
enthalpies of the studied compounds are summar i z -
ed in Table I. The smectic B phase of H 3 3 was 
identified by the mosaic texture, whereas the 
smectic B phases of H34 and H75 were ident i f ied 
by the lancets textures. The nemat ic phase of H 3 3 
was identified by the typical schlieren texture. 
Table I shows that H33, as the lower m e m b e r , 
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Table I. Transition temperatures and transition enthalpies 
of the compounds studied (C = crystalline, S = smectic, 
N = nematic, I = isotropic). 

Compound Transition Temperature 
[°C] 

Enthalpy 
[kJ/mol] 

H33 c-sB 
S B - N 
N - I 

11.0 ± 0 . 3 
26.1 ± 0.3 
30.3 ± 0.3 

16.4 ± 0.8 
4.9 ± 0.2 
0.4 ± 0 . 1 

H34 c-sB 
S B - I 

32.3 ± 0.3 
42.7 ± 0.3 

22.1 ± 0.8 
8.8 ± 0.4 

H75 c-sB sB—I 
34.2 ± 0.3 
64.5 ± 0.3 

29.2 ± 0.9 
7.8 ± 0.3 

Table II. The mesomorphic properties of compounds with 
the chemical structure R - ® - ( ö ) ~ ( ö ) - X ( B C H R X ) [8] 
Symbols as in Table I). 

R X Transi- Temperature Enthalpy 
tion [°C] [kJ/mol] 

C3H7 H ( B C H 3 0 ) C - S B 72 .2±0.3 
S B - I 92.9 ± 0 . 5 

12.0 ± 0.7 
8.3 ± 0.6 

C5Hn H (BCH50) C - S B 57.9 ± 0 . 3 
S b - N 81.6 ± 0 . 3 
N - I 97.9 ± 0 . 5 

12.0 ± 0.2 
4.7 ± 0.2 
0.4 ± 0.2 

C5Hn C2H5 (BCH52) C - S B 34.8 ± 0 . 9 
S b - N 143.2 ± 0 . 3 
N - I 157.6 ± 0 . 8 

18.5 ± 0.6 
6.8 ± 0.5 
0.5 ± 0.2 

C 5 H 1 1 C 4 H 9 (BCH54) C - S B 17.5 ± 0 . 5 
S b - N 159.1 ± 0 . 4 
N - I 170.6 ± 0 . 4 

7.9 ± 0.6 
0.5 ± 0.2 

exhibits smectic B and nemat ic phases whereas the 
next number exhibits only smectic B phase. 

The mesomorphic propert ies of the c o m p o u n d s 
studied (see Table I) are compared to those of the 
disubstituted cyclohexylbiphenyls in Table II. T h e 
comparison shows that the replacement of a phenyl 
group by a carboxylate group decreases the stabili ty 
of the mesophase as well as the mesophase ranges. 
This is because of the decrease of the polarizabil i ty. 
Moreover, the melting point of H 3 3 is decreased 
remarkably. 

Changes of enthalpy values (see Table I) show as 
usual that the enthalpy increases with increasing the 
length of the alkyl chain. The big d i f fe rence be-
tween the enthalpies of the C — SB transit ions of H 3 3 
and H34 may be due to an odd-even effect. En-
thalpy changes of the compounds studied are com-
pared with the data in Table II for the same type 

of transition. The S B - N , S B - I and N - I t ransi t ion 
enthalpies are of the same order of magn i tude for 
both series. C - S B transition enthalpies of the stud-
ied compounds are slightly higher than the analo-
gous data of the dialkyl substi tuted cyclohexylbi-
phenyls. This can be shown by compar ing H34 
(Table I) and BCH52 (Table II). 

X-ray diffraction data 

To establish the evidence of the l iquid crystalline 
phases, X-ray diffract ion photographs were taken. 
These show for the oriented smectic B phases of 
H33 and H34 sharp inner reflections, which are 
caused by the smectic layer ar rangement , and outer 
bars (slightly diffused) which are caused by the 
interaction between neighbouring parallel molecules. 
The intensity of the outer bars was so weak tha t we 
could not identify whether the smectic B phase is a 
hexatic or a crystal one. Photographs of nonor ien ted 
samples of H33 and H34 show hexagon, and this 
means homeotropic orientation. There fore we think 
that the strength of the magnet ic field did not 
suffice for the orientation of the samples. The 
photographs of the oriented sample of H75, how-
ever, show hexagon as in the case of BCH30 [9], but 
we did not succeed in taking good photographs . On 
the other hand the photographs of the nonor ien ted 
smectic B phase of H75 show sharper inner and 
outer rings. 

For the smectic B phases of the c o m p o u n d s 
studied, the " d " values (the thickness of the smectic 
layers) in Table III are calculated with Bragg's 
equation (2d sin 6 = n A, where 6 is the d i f f rac t ion 
angle, n is the order of the d i f f rac t ion m a x i m u m 
used and / is the wavelength of the radia t ion , 
1.5418 A for our measurements) . The calculated 
lengths /ca)c of the molecules are based on the da ta 
of the solid crystalline state of trans-4-«-octyl-(4'-
cyanophenyl)-cyclohexane [10] and on the covalent 
radii N = 0.55 A and H = 0.30 A. These values are 
given in Table III. The dif ference x = l c a \ c - d in-
creases in relation to the length of the alkyl chain. 
This may be attr ibuted to the increase of the prob-
ability for thermal fluctuations as well as for d i f fer -
ent conformations with increasing the alkyl chain. 
This difference (.Y) is also at t r ibuted to the effects of 
orientational disorder. 

In the hexagonal smectic B phase the average 
distance between neighbouring molecules " D " is 



Table III. X-ray parameters of the compounds studied (d: 
layer thickness or fluctuation wavelength. /ca)c: calculated 
molecular length, .v: l c a \ c-d. D: intermolecular distance) 
(Symbols as in Table 1). 

Com-
pound 

Tempera- d [A] 
ture [°C] 

Uale [A] -v[A] D[ A] 

H33 21.0 (SB) 19.1 ±0 .5 
28.0 (N) 17.4 ±0 .5 

20.0 
20.0 

0.9 
2.6 

5.5 ± 0.1 
5.3 ± 0.1 

H34 37.0 (SB) 20.2 ±0 .5 21.2 1.0 5.4 ± 0.1 
H75 39.0 (SB) 26.0 ±0 .5 27.6 1.6 5.4 ± 0.1 

calculated with the formula 2 D s \ n O = 1.1547 / as 
given by de Vries [11]. The D values are tabulated 
in Table III too. Similar D values 5.4 A) have 
been found for the disubst i tuted cyclohexylbi-
phenyls [9], 

The mass density f luctuations that exist in the 
nematic phase are per iodic and can be characteriz-
ed by a wavelength d=)J2sin0. The f luctuat ion 

wavelength in the nematic phase of H33 is also 
given in Table III. This wavelength is shorter than 
the calculated molecular length. We at t r ibute this to 
the effects of orientational disorder and thermal 
fluctuations. The difference between the l v a l u e s in 
the smectic B and nematic phases of H33 is normal 
and reflects the difference between orientat ional 
disorder and thermal f luctuat ions in the two phases. 
The intermolecular distance in the nemat ic phase is 
deduced with the formula 2D s i n # = 1.117 / [12]. 
This D value is reported in Table III too, and is 
identical with that found for the trans-4-/7-octyl-
(4'-cyanophenyl )-cyclohexane [ 10], 
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