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MOLECULAR PACKING OF TWO LIQUID

CRYSTALLINE ALKENYL DERIVATIVES

Vladimir F. Petrov

LC Works, Camberwell, Victoria, Australia

Tatiana A. Lobko, and Boris I. Ostrovskii

Institute of Crystallography, Russian Academy of Sciences,

Moscow, Russia

X-ray diffraction and volumetric studies of two liquid crystalline alkenyl

derivatives reveal a pronounced influence of the alkenylation and the position

of its double carbon-carbon bond on the molecular packing of these compounds.

1-(40-Cyanocyclohexyl)-trans-4-(1-penten-5-yl)-cyclohexane and 1-(40-cyanocy-

clohexyl)-trans-4-(2-penten-5-yl)-cyclohexane show lower levels of the molecular

overlap in the formation of their dimers in the nematic phase and higher

molecular packing than the corresponding 1-(40-cyanocyclohexyl)-trans-4-n-

pentylcyclohexane.

Keywords: molecular packing; liquid crystalline alkenyl derivatives; X-ray diffraction;
volumetric studies

INTRODUCTION

It has been shown that liquid crystalline molecular packing plays a very
important role in the creation of their mesophases [1,2]. One of the most
interesting objects for studying the molecular packing in liquid crystals are
alkenyl derivatives, which demonstrate the significant influence of the
position of a double carbon-carbon bond in the alkenyl chains on their
physico-chemical and electro-optical properties [3715]. There has been
much interest especially in 4-alkenyl substituted bicyclohexylnitriles [678,
11713,15717]. X-ray diffraction study of some (E) 4-pentenyl derivatives
and the corresponding 4-n-pentyl derivative has revealed a pronounced
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effect that the introduction and position of a double carbon-carbon bond in
the alkenyl groups has on their molecular packing in the crystalline states
[8,11,12,15,18,19].

In this work, we have carried out the studies of the molecular packing of
1-40-cyanocyclohexyl)-trans-4-(1-penten-5-yl)-cyclohexane (compound 1)
and 1-(40-cyanocyclohexyl)-trans-4-(2-penten-5-yl)-cyclohexane (com-
pound 2) in the nematic phase using X-ray diffraction (compound 1) and
volumetric measurements (compounds 1, 2). The results of this study will
be compared with those of the corresponding 1-(40-cyanocyclohexyl)-
trans-4-n-pentylcyclohexane.

EXPERIMENTAL TECHNIQUE

X-ray diffraction was carried out using a diffractometer with a linear
position sensitive detector, which records simultaneously a diffraction
pattern over a wide range of scattering angles [20].

Density (r) measurements [21,22] were carried out in standard picno-
meter of 3 cm3 volume with an accuracy of 2610�4 gcm�3.

EXPERIMENTAL RESULTS AND DISCUSSION

It has been shown that X-ray diffraction of the mesophases of liquid
crystals is one of the useful methods for studying the effects of the asso-
ciation of liquid crystalline molecules on the structure of their phases, and
consequently on the liquid crystalline properties [20,23726].

X-ray diffraction of polar liquid crystals has revealed the existence not
only of a layer structure in the smectic phase but also periodic density
fluctuations in the nematic phase having a period d. For the nematic phase
of some two-ring cyano derivatives it has been demonstrated that the ratio
d/L, where L is the molecular length, is about 1.271.5 [20,24726]. Hence
the period of the fluctuating layer structure significantly exceeds a single
molecular length and should be related to the size of the molecular dimer.
Such a dimer is formed by two polar molecules being mutually antiparallel.
Experimental values of the layer structure period d for cyano derivatives
belonging to various chemical classes showed that d depends on the
molecular structure of the polar liquid crystals, and the ratio d/L char-
acterizes the degree of overlap of the molecular cores on the dimer
formation. Further X-ray diffraction investigations of the nematic phase of
polar liquid crystals has revealed, in some cases, the simultaneous exis-
tence of two fluctuation layer structures with incommensurate periods
d1 and d2, where d1 < L and L < d2 < 2L [20,23,25,26].

It is evident from Table 1 that (E) 4-pentenyl substituted bicyclohex-
ylnitriles 1 and 2 and the corresponding 4-n-pentyl derivative 3 show only
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Å
d

/L
rc

,
g
cm

�
3

k
p
,

4
0
� C

R
e
fe

re
n

ce

1
C

r
2
0
.1

S
m

B
3
7

N
5
4
.7

I
2
8
.7

a
1
.5

6
8

a
0
.9

5
0
2

0
.6

6
6
0

[6
]

2
C

r
7
9
.4

N
9
9
.7

I
3
0
.0

1
.6

3
9

0
.9

4
8
7

0
.6

5
6
2

[6
,1

4
]

3
C

r
6
2

S
m

(4
3
)

S
m

(5
2
)

N
8
5

I
2
7
.2

b
1
.4

7
0

b
0
.9

1
8
0

0
.6

3
0
0

[2
4
,2

77
2
9
]

a
T

m
e
a
s
¼

T
N

-I
�

1
0
� C

.
b
M

e
as

u
re

d
in

th
e

n
e
m

at
ic

p
h

as
e
.

c
T

m
e
a
s
¼

4
0
� C

.

59

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 2
0:

28
 1

3 
A

ug
us

t 2
01

2 



one dimetric density (with an almost independent temperature period d of
compound 1) wave with higher values of d and d/L (lower levels of the
molecular overlap in the formation of their dimers in the nematic phase)
recorded for the alkenyls. The (E)-2-penten-5-yl substitution gives the
highest values of d and d/L among these 3 compounds. In other words, the
alkenylation of the bicyclohexyl cyano derivative keeps the existence of
one dimeric density wave and results in the formation of the longer
dimers with a lower molecular overlap in comparison with those of the
corresponding alkyl derivative.

It has been shown that the molecular packing coefficient can be defined
from the volumetric measurements as [22]:

kp ¼ NAVr=M ; ð1Þ

where NA is the Avogadro number, r is the density, M is the molecular
weight, and v is the intrinsic (van der Waals) volume of the molecule,
calculated from the van der Waals volume increments of the individual
atoms or by using the average atomic radii and chemical bond lengths [30].

The value of kp were calculated by using the measured (when it was
possible) or extrapolated values of the density at 40�C.

It has been reported in Nath et al. [13] that the density of compound 2 is
about 1.15 gcm�3. This value exceeds the density of the corresponding
biphenyl and phenylcyclohexane derivatives and seems to be too high for
the bicyclohexyl cyano derivative, since it does not support the fact that
the introduction of the trans-1,4-cyclohexylene (or replacement of the 1,4-
phenylene by the trans-1,4-cyclohexylene) into the molecular core of
liquid crystals and other organic compounds decreases their densities
[21,22,28,29,31733].

It is evident from Table 1 that the replacement of the n-pentyl group in
compound 3 by the corresponding (E)-pentenyl groups (compounds 1

and 2) enhances the molecular packing. While 1-(40-cyanocyclohexyl)-
trans-4-(1-penten-5-yl)-cyclohexane exhibits slightly more dense packing
than 1-(40-cyanocyclohexyl)-trans-4-(2-penten-5-yl)-cyclohexane (com-
pounds 1 and 2).

These results can be associated with the difference in the energy of
intermolecular interactions (and therefore with the difference in the
activation energy of the rotational viscosity of these compounds) [22].

CONCLUSION

The presented results reveal a significant influence on the alkenylation and
the position of its double carbon-carbon bond on the molecular packing of
liquid crystalline alkenyl derivatives.
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