
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 21 February 2013, At: 11:25
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

Chain Ordering and Sm-N Transition in
Different Members of the Homologous
Series 4-(4′- n-AIkoxy Benzylideneamino)
Biphenyls
C. D. Mukherjee a , T. R. Bose a , D. Ghosh a , M. K. Roy a & M. Saha a
a Department of Physics, University of Calcutta, 92, Acharya Prafulla
Chandra Road, Calcutta, -9
Version of record first published: 13 Dec 2006.

To cite this article: C. D. Mukherjee , T. R. Bose , D. Ghosh , M. K. Roy & M. Saha (1983): Chain Ordering
and Sm-N Transition in Different Members of the Homologous Series 4-(4′- n-AIkoxy Benzylideneamino)
Biphenyls, Molecular Crystals and Liquid Crystals, 103:1-4, 49-55

To link to this article:  http://dx.doi.org/10.1080/00268948308071039

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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308071039
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., 1983, Vol. 103, pp. 49-55 

0 1983 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

~26-8941/83/l034-09/$18.50/0 

Chain Ordering and Sm-N 
Transition in Different Members of 
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Our extension of Marcelja’s theory of nematic-isotropic transition to the smectic A 
phase is used to calculate the smectic A-nematic (Sm-N) transition temperatures for 
the homologous series 4-(4’-n-&oxy benzylideneamino) biphenyls. In a mean field 
calculation, explicit inclusion of the conformational energies of the alkyl chain of a 
molecule in the partition function shows an even-odd effect generally observed in 
experiments on Sm-N transitions. It is found that the members of this series showing 
the smectic phase will have first order Sm-N transitions and the transition entropies for 
individual members are calculated. 

Recently we’ have been able to extend McMillan’s* theory of the 
smectic A phase in such a way so as to incorporate the effects of the 
end chain conformation. This extension has enabled us to study 
thermodynamic properties of individual members of a homologous 
series in the smectic phase along with its phase diagram. This method 
has also made it possible for us to obtain for the first time the 
even-odd effect as is generally observed in Sm-N transitions. In 
reference 1 we have studied the oft used series of PAA where we have 
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50 C .  D. MUKHERJEE et ul. 

obtained a second order Sm-N transition, as is actually observed in 
experiments. 

In the present paper we have chosen the homologous series 4-(4’-n- 
alkoxy benzylideneamino) biphenyls3 for the following reasons. First, 
unlike the PAA series this series has alkyl chains only at one end of 
the rigid part of the molecule. Secondly, the ratio T S N / T N I  for this 
series is greater than 0.88 and this according to both McMillan2 and 
Lee et u I . , ~  should produce first order Sm-N transition. Our purpose 
is to test whether in our model the Sm-N transitions are first or 
second order for each member of the homologous series. 

Computations for the homologous series 4-(4’-n-alkoxy benzyl- 
ideneamino) biphenyls indeed show first order Sm-N transitions for 
the experimentally observed smectic phases and AS,,, the change in 
entropy at the Sm-N transitions, increases very rapidly with N, the 
number of segments in the end chain. We also obtain an even-odd 
effect in Sm-N transitions, (though this has not yet been experimen- 
tally detected in this particular series) and the general features of a 
phase diagram, viz., a gradual rise in TSN with N is well reproduced. A 
plot of ASsN against TsN/TN, shows that the results compare very 
favourably with those of McMillan* and of Lee4 et al. 

METHOD 

In order to include the effects of conformational energies of the alkyl 
end chains in our calculation, we follow reference (l), and for simplic- 
ity start with a Kobyashi type intermolecular potential without its 
short range central force term. This is sufficient to ensure the forma- 
tion of a smectic phase. We can easily generalize this interaction to 
more complex cases. 

We now write down the energy of the rigid and the chain parts of a 
molecule in the mean field of other molecules. 

Energy of the rigid part is written as 

For a chain segment in a particular conformation of the chain 

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

1:
25

 2
1 

Fe
br

ua
ry

 2
01

3 



CHAIN ORDERING AND Sm-N TRANSITION 51 

In the above expressions C , ( N )  and C , ( N )  are respective volume 
fractions of the rigid parts and the chains, V,,, V,,, V,, and V,, are the 
coupling constants which are determined as in reference (1) and also 
in Marcelja’s work5 on N-I transitions, v,, vc and IJ are the order 
parameters obtained by self consistent solutions of the equations, 

(for the rigid parts) 7, = (P2(cos d ) )  

= $ j o l ~ P , ( c ~ s ~ ) e x p [  -E,IKT]d(cosd) dz 

N 
P,(cos d i )  (for the chain part) 

N cc 
Conf. orient 

c / d ~ 2 ( c o s 0 i ) e ~ ~ [ - ( ~ c  + K ~ ~ ) / K T I  dz 
1.88 =- 
Zc allinitid r= l  0 

(3b) 
and 

IJ = ~ ~ ( c o ~ e ) C o ~ - - -  ’ y  ) (a mixed order parameter) 

2 T Z  

( 
= 1 ~ ’ / ~ ~ ~ ( c o s ~ ) c o s - e x p [ - ~ , / k ~ ]  d d(cos8) dz (3c) 

2, 0 0 

which couples the translational order to the orientational order. 2, 
and Z ,  are the corresponding partition functions. Urn, in equation (3b) 
is the conformation internal energy of a chain. The parameter a has 
been introduced to make the layering interaction strength different 
from that of the orientational interaction, namely, V,,, V,,, etc. The 
value of a is obtained by fitting with experimental data and is kept 
fixed for all members in a homologous series. Addition of chain 
segments is taken care of by volume fractions. 

Now we have five parameters V,,, V,,, V,,, V,, and a to be fixed. 
For (I = 0, the mesophase is nematic, and only the four parameters 
V’s  are relevant in the nematic phase. These are determined following 
the procedures given in reference (1). The values of the four parame- 
ters are V,, = 4030.0 Cal/mole, V,, = 7980.6 Cal/mole, V,, = 680.0 
Cal/mole and V,, = 575.8 Cal/mole. 

The remaining parameter a was fixed (a = 0.66) from the S-N 
transition temperature of the fifth member of the homologous series 
4-(4’-n-alkoxy benzylideneamino) biphenyls. 

With all the five parameters thus fixed we evaluate the TSN7s and 
TNI’s for all the members. For each temperature self consistent 
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52 C. D. MUKHERJEE et a/. 

solutions of the order parameters are found and the free energy 
evaluated using the expression, 

RESULTS 

The results are shown in Figures (1) and (2). The TNI’s shown in 
Figure (1) are only slightly different from an exact Marcelja5 type 
calculation because of a slight difference in the treatment of the initial 
chain segment as explained in reference (1). 

It is found that the TSN’S of even members lie on a smooth curve 
well above a similar curve for odd members (Figure 1). Alternations in 
TSN is in the same sense as in TNI. It is evident that for the first four 
members TSN’S lie below the solidification temperature and therefore 
no smectic phase is observed. It is also to be noted that the generally 
observed feature of a phase diagram of a homologous series, namely, a 
gradual rise in TSN with N (the number of carbon atoms in the end 
chain) is well reproduced in our result. Though in this particular 
homologous series no even-odd effect has yet been detected (so far as 
we know) our Marcelja type calculation shows such an alternation, 
though the points oscillate roughly equally about the mean points 
observed experimentally. 

At present we are looking into the matter of this rather large 
oscillation in 7‘’”s. Preliminary calculations show that if the orienta- 
tion independent term in the Kobayashi two particle interaction 
( V 1 2 ( r )  = u ( r )  + W(r)P2(cosI2)) is taken into consideration the oscil- 
lation is considerably suppressed. The equation (1) is then modified as 

+S(Y(C,(N)V,,  + c,(N)v~c)7COS -j- 
2nz I 
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FIGURE 1 Transition temperatures are plotted against the number of segments in the 
chain for the first seven members of the homologous series 4-(4’-n-alkoxy benzyl- 
ideneamino) biphenyls. 

where 7 is (cos(2m/d)), the layering order parameter (as in 
McMillan’s work2) and 6 is a parameter which gives the relative 
coupling strength of the orientation independent and orientation 
dependent terms in the Kobayashi potential. The details of the calcu- 
lation and results will be published in a separate paper. 

A plot of ASSN against TsN/TNI (Figure 2b) shows that the results 
compare very favourably with those of McMillan and of Lee el al. 
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FIGURE 2 (a) Smectic A-nematic transition entropy versus the number of segments 
in the end chain. (b) Srnectic A-nematic transition entropy versus ratio of transition 
temperatures TSN/TNI. Upper curve-McMllan, middle curve-present work, lower 
curve-Lee et al. 
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CHAIN ORDERING AND Sm-N TRANSITION 55  

Figure 2(a) shows that up to N = 3, ASSN < 0.1 and from N = 4, 
AS,, increases very rapidly. Since the first member which shows the 
smectic phase is N = 5, all the experimentally observed members of 
this series will have first order S-N transitions. It will be of interest to 
know whether these results are confirmed experimentally. 
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