
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 03:03
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Electric Permittivities and
Elastic Constants of the Cyano
Bi-Cyclohexanes (CCH)
M. J. Bradshaw a & E. P. Raynes a
a Royal Signals and Radar Establishment, Malvern,
Worcs, WR14 3PS, U.K.
Version of record first published: 21 Mar 2007.

To cite this article: M. J. Bradshaw & E. P. Raynes (1981): Electric Permittivities and
Elastic Constants of the Cyano Bi-Cyclohexanes (CCH), Molecular Crystals and Liquid
Crystals, 72:2-3, 35-42

To link to this article:  http://dx.doi.org/10.1080/01406568108084034

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568108084034
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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
 0

3:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Crysf. Vol. 72 (Letters), pp. 3 5 4 2  

@ 1981, Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

0140-6566/81/7202-0035$06.50/0 

ELECTRIC PERMITTIVITIES AND ELASTIC CONSTANTS OF THE 
CYAN0 BI-CYCLOHEXANES (CCH) 

M J BRADSHAW and E P RAYNES 
Royal Signals and Radar Establishment, Malvern, Worcs. 
WR14 3PS U.K. 

(Submitted for publication 20 May 1981) 

ABSTRACT 

Measurements of the electric permittivities and the 
splay and bend elastic constants of the cyano bi- 
cyclohexanes (CCH) are reported as a function of 
temperature. Comparison of the ratio of the bend to 
splay constants with that of analogous compounds con- 
taining phenyl rings shows unexpected trends, and 
attention is drawn to the possible relevance of 
recent novel structures of CCH determined by X-rays. 

INTRODUCTION 

The electric permittivities and elastic constants of 
nematic liquid crystals are important quantities on at 
least two counts. They are used to test models of  the 
ordered liquid crystal state. Secondly, they determine 
the response of electro-optic display devices to an applied 
electric field, and therefore form an important criterion 
for assessing the usefulness in devices of new liquid 
crystal materials. 

Recent studies have looked at the effects of substi- 
tuting various rings into the structure(1,2) 
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In particular the ratio of the bend to splay elastic con- 
stant (k33/kll 
in position 
stituted cyclo xane ring. This letter examines the effect 
of the replacement of the phenyl ring adjacent to the cyano 
group by a trans-1, 4-disubstituted cyclohexane ring. 

M. I. BRADSHAW and E. P. RAYNES 

was found to increase when the phenyl ring 
was substituted by a trans-1, 4-disub- + 

PIATERIALS 

The 4'-n-alkylbiphenyl-4-carbonitriles (3) 

the 4-trans-( 4'-n-alkyl) -cyclohexylbenzoni triles (4) 

and the trans, trans-4'-n-alkylbicyclohexyl-4-carboni- 
triles (5) 

form three series of stable nematic compounds with a pro- 
gressive replacement of the phenyl rings by trans-1, 
4-disubstituted cyclohexane rings. 
tures of the homologues used areshown in Table 1. 

The transition tempera- 
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PROPERTIES OF THE CYAN0 BI-CYCLOHEXANES (CCH) 37 

1 ! i Material Tm(OC) 1 TNI(OC) 
I I I 

7CB 
3PCH I 5PCH 
7PCH 
3CCH1 1 5CCH2 

1 7CCH 

30 42.3 
43 I 45.5 

54.7 I zE 1 56.8 I 58 80.0 
i 62 1 85.2 
j 71 j 82.1 

TABLE 1 Melting points (T ) and 
clearing points 
(TNI) of the materials. 

KN 

1. TSN = 57OC; 2. TSN = 52OC. 

EXPERIMENTAL T E CHN I OUE 

The perpendicular ( E ~ )  and parallel ( E  ) components of 

33 
II  the electric permittivity and the splay (k ) and bend (k ) 

elastic constants were found by analysing kie capacitance 
voltage curves of a zero tilt parallel aligned layer(6). 
An HP4274A was used to measure the capacitance at 1 kHz and 
a Datron 1041 monitored the voltage via a high impedance 
instrumentation amplifier. A l l  functions including the 
control of temperature to within 0.loC were directed by an 
HP9825 desktop computer. 

The low voltage data gave E~ directly, and an estimate 
was obtained from the high voltage data using a V-I  of 

e~trapolation(~) , A three arameter non-linear least 

(k33-kll)/kll, Vc (threshold voltage), and (E -E ) / E ~ ,  where 
squares fitting programme (8 P was used to determine 

I1 1 
n 
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38 M. J.  BRADSHAW and E. P. RAYNES 

RESULTS AND DISCUSSION 

The electric permittivities of the CCH homologues are 
illustrated in Figure 1, and 
be 

= (E,, + 2 ~ ~ ) / 3  is seen to 

I I I I 
0 3 C C H  

I 1 I 1 I 1 
0.92 0.96 0.96 0.98 1.00 LO2 

TD", __.L 

FIGURE 1. The Electric Permittivities of CCH. 

virtually independent of temperature and discontinuous with 
E(isotropic) at TNI. These two factors are indicative of 
the strong anti- a allel local ordering of molecules found 
in cyano systems?gF. The fractional discontinuity at T N 1  
in CCH is similar to that observed in CB and PCH, this is 
somewhat surprising as onemight have anticipated that the 
more polar CB and PCH would show a lar er discontinui 
The electric permittivities of CB(10*1K*12*13)and PCH?") 
and the permittivity anisotropy of 7CCH (I3) have already 
been reported . 

The splay elastic constants kllof the CCH homologues 
are shown in Figure 2 and are similar in magnitude to the 
values already known for CB(1,14315916*17) and PCH(l3l8). 
The ratio of bend/splay elastic constants k33/kil is shown 
for all three series of compounds in Figures 3 (n=3), 
4 (n=5), and 5 (n=7). The replacement of a phenyl ring in 
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PROPERTIES OF THE CYAN0 BI-CYCLOHEXANES (CCH) 39 

2.5 - I I 1 I 

2.0 - \- 
\- k,Jk,t 1 1.5 - 

A 3 P C H  

o 3 C C H  
1.0 - - 

I I I 1 

FIGURE 2 .  Splay E l a s t i c  Constant (k ) of CCH. 11 

FIGURE 3. R a t i o  Bend/Splay (k33/kll) of  3PCH and 3CCH. 
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40 M. J. BRADSHAW and E. P. RAYNES 

2'sI 

1.0- a S C C H  
I I I I 

0.90 0.92 0.94 0.96 0.98 1.00 
T/T", - 

FIGURE 4 .  Ratio Bend/Splay (k33/kll) of 5CB, 5PCH and 
5CCH. 

FIGURE 5. Ratio Bend/Splay (k33/kll) of 7CB,7PCH and 7CCH. 

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
 0

3:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



PROPERTIES OF THE CYAN0 BI-CYCLOHEXANES (CCH) 41 

CB by a single trans cyclohexane ring to form PCH increases 
the ratio k33/kll in accordance with previous observa- 
tions(l.2). 
ring to form 3CCH and 5CCH decreases k33/kll towards the 
CB values, whereas 7CCH and 7 PCH have similar values. 

However, the replacement of the second phenyl 

The anti-parallel local ordering in CCH compounds has 
recently been found by X-ray measurements to correspond to 
overlap of only the cyano groups(19), quite different to 
the core overlap found in CB and PCH. This different local 
order must affect the elastic constant ratios, and may well 
explain the unexpected observations in the ratio k /k 
of the CCH compounds. 33 11 
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