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C. D. MUKHERJEE, T. R. BOSE,f D. GHOSH,§ M. K. ROY
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92 Acharya Prafulla Chandra Road, Calcutta-9

(Received August 20, 1984; in final form October 22, 1984)

An extension of an earlier work by the present authors on the even-odd effect in
smectic A-nematic (S-N) transition is presented. The earlier model showed too large
an alternation in Tgy. In the present work the mean field is modified by including the
contribution from the orientation independent term of the Kobayashi pair potential.
Numerical calculations on three homologous series with alkyl chains, namely 4-(4'-n-
alkoxybenzylideneamino) biphenyls, (p’-n-alkoxybenzoyloxy) acetophenones and PAA
show a marked diminution in alternation of Tgy. The present mean field, though a
definite improvement over the earlier one, is still found to be inadequate quantitatively,
especially for samples with very small or virtually nonexistent alternation in Tsy. It
seems that a purely attractive pair potential may not be adequate in explaining this
aspect of S-N transition. A possible role of repulsive interaction in suppressing this
‘even-odd’ amplitude is discussed.

INTRODUCTION

In an earlier work,! the present authors extended Marcelja’s?> model
to S-N transitions in order to treat individual members of a homol-
ogous series in both smectic and nematic phases. Taking into account
the chain conformations explicitly the Tgy’s and Tyy's of the first
seven members of the two series namely PAA! and 4-(4'-n-Alkoxy
Benzylideneamino) biphenyls® were calculated. For the latter series
the transition entropies were also calculated for individual members

tPresented at the Tenth International Liquid Crystal Conf., York, July 1984,
tPermanent address: Scottish Church College, Calcutta.
§Permanent address: R. K. Mission Vidyamandira, Belur Math, W.B.
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so as to test whether the transition is a first order transition or a
second order one. One shortcoming of the model, as mentioned in
reference 3, is that the calculated alternation in Tgy were found to
be large contrary to experimental observations. In each case the
alternation in Tgy was larger than the alternation in Ty, while ex-
periments show a general damping of alternation in Tgy. In the pre-
sent work we have modified the earlier mean field by incorporating
the contribution from the orientation independent part of the Ko-
bayashi potential and calculated the Tyy’s and Tgy’s for the first few
members of three homologous series, namely, 4-4'-n-alkoxy benzyl-
ideneamino) biphenyls,* p-(p’-n-alkoxybenzoyloxy) acetophenones®
and PAA.° A comparison with the earlier model shows a marked
diminution of alternation in Tgy.

METHOD

Following reference 1 we consider the mean field experienced by a
molecule to be consisting of two parts—one for the rigid cores and
the other for the end chains. A straightforward generalization of the
mean field of reference 1, taking into account the contribution from
the orientation-independent term of the Kobayashi two particle po-
tential V,(r) = U(r) + W(r)Py(cos 0,,) gives the energy E, of the
rigid part as

Ea = _[(CH(N)Vtm(na t+ ao COS(ZﬂZ/d)) + CC(N)Vac(Tlt
+ aco cos(2wz/d)))P,(cos 8) + da(C,(N)V,, (D

+ CAN)V, )7 cos(2nz/d)]

The term involving T (McMillan layering order parameter) comes
from the orientation-independent term U(r). This is exactly similar
to the inclusion of this contribution in McMillan’s mean field for the
smectic A phase.” The suffixes ‘a’ and ‘¢’ have been introduced to
denote entities pertaining to the rigid and the chain parts respectively.

As in the earlier works,!? we neglect, for simplicity, the terms
involving smectic order parameters in the energy E, of the chain and
can write

E. = —(1L88IN)[CAN)V .. + C,(N)V.mi] ZN Py(cos 6;) (2)
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In the above expressions C,(N) and C.(N) are the respective volume
fractions of the rigid parts and the chains with N carbon atoms; V,,
V.o Ve and V, are the coupling constants to be determined as in
reference (1). The parameter d is the relative coupling strength of
the orientation independent and orientation dependent terms in the
Kobayashi potential. As explained in reference 1, the parameter a,
though reminiscent of McMillan’s ‘length parameter,” has been in-
troduced mainly on a phenomenological basis. In McMillan’s work
this « is related to the Fourier transform of the radial part of the
intermolecular interaction and varies from one member to the other
while in the present case we keep it fixed for all members and addition
of chain segments is taken care of by volume fractions. The order
parameters m,, 7., ¢ and 7 can be obtained from the self consistent
solution of the following equations.

1 (d
B Zifo f Py(cos6) exp[ — E/kT]d(cos 6)dz (32)

LN f "py(cos8)expl—(E. + V,)kTldz  (3b)

(_- all initial i =

conf. orient
o== f J' P,(cos 8) cos(2mz/d) exp[ — E /kTd(cos 8)dz (3¢c)
1 1 [d
T= 2]() jo cos(2mz/d)exp[ — E, /kT)d(cos 8)dz (3d)

Z, and Z, are the partition functions corresponding to the rigid part
and the chain part respectively. V!, is the conformation energy of a
chain.

Out of the six parameters V,,, V,., V.., V.., a and 7 the first four
are determined, as in reference,! by using Ty;’s while the last two
are fixed by fitting Tgy’s of the first two members of the homologues
for which experimental data are available. With all the parameters
thus fixed the Ty,’s and Tgy’s are evaluated for the first seven mem-

bers of the three series mentioned earlier. The free energy expression
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for identifying a stable solution is given by

F= —kTn(Z,) + CN)V,[n} + ac® + dar?]2
+CC(N)Vac[na(2nc - nco) + ao? + 8(11'2]/2
+(N'1)Nc[ca(N)Vcananco + CC(N)Vcc(nE + "130)/2]

—N, kT In [Z,/Z (0)] 4)
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FIGURE 1 Variation of transition temperature in the homologous series of p-(p'-n-
alkoxybenzoyloxy) acetophenones. Earlier theory a = 0.73; Present theory a = 0.25,
& = 1.05.
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where N and N, are the number of the segments in the chain and the
number of chains in the molecule respectively, 7, signifies chain
ordering for a noninteracting chain due to the ordering of the rigid
part from zero to m, and Z (o) is the corresponding partition function
for the end chains.

RESULTS

Figure 1 shows the calculated transition temperatures (both Ty,’s and
Tsn’s) for the first seven members of the series p-(p’-n-alkoxyben-
zoyloxy) acetophenones. Transition temperatures of the odd and the
even members are joined by smooth curves. The fitted values of
V.. = 3066.0 cal/mole, V,. = 7663.5 cal/mole, V_, = 450.0 cal/mole
and V. has been taken to be = 680.0 cal/mole. a and 3 obtained by
fitting Tgn's of the fifth and the sixth members are 0.25 and 1.05
respectively. The calculated Tgy for the seventh member is seen to
be about 2°K below the experimental value. For comparison the
results of the earlier model are also shown. It is evident that alter-
nation is somewhat reduced.

The calculated transition temperatures of the series 4-(4'-n-alk-
oxybenzylideneamino) biphenyls are shown in Figure 2. The fitted
values of V., = 4030.0 cal/mole, V,. = 7980.0 cal/mole, V., = 575.8
cal/mole, & = 0.15 and 8 = 1.82. The alternation in Tgy is consid-
erably reduced compared to the results of the earlier model. It is to
be noted that the experimental Tgy's of the different members fall
on a single smooth line irrespective of odd or even members. The
complete absence of alternation is however not reproduced in this
model.

Figure 3 shows similar results for PAA series. The values of the
constants for this series are V,, = 3680.0 cal/mole, V,. = 7992.0 cal/
mole, V., = 540.0 cal/mole, o = 0.2 and 8 = 0.83. Because of the
fact that the seventh member is actually the smallest member of the
series for which Ty has been measured experimentally, we did not
fix o and & for this series. To fix them we would have to consider
the eighth member but only at the cost of as much as three times the
computation time for the seventh member. Only to test the influence
of the orientation independent term we calculated transition tem-
peratures with several pairs of values of o and 8. A typical set of
results are shown in Figure 3 indicating clearly that the present model
can successfully account for at least a part of the diminution of ‘even-
odd’ effect in S-N transition.



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:59 20 February 2013

144 C. D. MUKHERIEE et al.

470
®
450
X
4
&
4301 °
E /A‘
\\ .
5 /, “a
& -
=
w
—
= 410F
o
=
n /
2 [ !/
@ / e TN-1 ¢ Experiment
- !
8 Ts-N: »
330 o TN-1: Theory
O Ts-N: Present
A Ts-N: #»  Earlier
370 1 1 - 1 1 i
1 2 3 4 5 6 7

NUMBER OF SEGMENTS IN THE CHAIN(N)

FIGURE 2 Variation of transition temperature in the homologous series of 4-(4'-n-
alkoxybenzylideneamino) biphenyls. Earlier theory a = 0.66; Present theory a =
0.15,5 = 1.82.
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CONCLUSION

In Marcelja’s model®> for molecules with alkyl chains, successive
C—C bonds contribute differently to the axial polarizability as the
dihedral angle between them is about 68°. This is in fact the cause
of alternation in Ty,’s. In our extension! of Marcelja’s work to the
smectic phase the alternation in Tgy’s arises because of the same
reason. The mean field in that work contains contributions from the
orientation dependent part only of the Kobayashi potential. The phase
transition temperatures (Tgy’s) thus had a near total dependence on
orientation ordering. The Tsn’s being lower than the Ty,’s, the chains
have a greater probability of being in an all-trans state in the smectic
phase. The difference in contributions to the axial polarizability by
the successive C—C bonds is therefore enhanced in smectic phase.
This naturally gave rise to a larger alternation in Tgy. The present
model incorporates a part of the pair interaction which is orientation
independent. This in a sense frees the S-N transition from the total
dependence on orientation. This is manifested in the marked reduc-
tion of even-odd effect in the calculated S-N transition temperatures.
This diminution has been obtained in the new model for all the three
series studied. It is generally observed in experiments that the ‘even-
odd’ effect in the S-N transition is less pronounced compared to the
N-I transition. In this respect the present generalization shows a better
agreement with experiments. It should however be pointed out that
for samples with steeply rising Tgy with N the alternation in Tgy is
experimentally observed to be quite small and in certain cases e.g.,
sample 4-(4'-n-alkoxybenzylideneamino) biphenyls it is altogether ab-
sent.* This complete absence of ‘even-odd’ effect was not reproduced
in the present model. It seems that a purely attractive pair potential
of the Kobayashi type may not be adequate in explaining this aspect
of S-N transition. A possible role of ‘Steric intermolecular interac-
tions’ (repulsive forces) in suppressing the alternation in Tgy is being
investigated. As the molecules are packed in a layer in the smectic
phase there is considerable lateral steric repulsion between the mol-
ecules.® It is quite likely that those conformations for which the chain
segments deviate much from the molecular axis (defined by the cen-
tral line through the rigid part) are suppressed due to the lateral
repulsion by the neighboring molecules. A similar idea has been
utilized in the ‘Kink’ model for membranes® where it is argued that
the conformations which tend to preserve the linearity of the chain
are only allowed. Once this restriction of linearity is imposed on the
conformations the successsive members of a homologous series will
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contribute similarly to the axial polarizability and hence a suppression
of alternation in Tgy should result. The details and results of such a
calculation will be published in a separate paper.

Acknowledgments

We thank D. Bhowmick and B. Dutta Roy for their interests in the problem. The
uses of the IBM 1130 computer at C.U. and IRIS 80 computer at VEC site in Calcutta
are thankfully acknowledged. One of us (C.D.M.) is indebted to the J. C. Bose Trust
for financial assistance.

References

1. C. D. Mukherjee, B. Bagchi, T. R. Bose, D. Ghosh, M. K. Roy and M. Saha,
Phys. Let., 92A, 403 (1982).

2. S. Marcelja, J. Chem. Phys., 60, 3599 (1974).

3. C. D. Mukherjee, T. R. Bose, D. Ghosh, M. K. Roy and M. Saha, Mol. Cryst.
Lig. Cryst., 103, 49 (1983).

4. G. W. Gray, Advances in Liquid Crystals, Vol. 2, ed. G. H. Brown (Academic
Press, New York, 1976).

5. J. 8. Dave and G. Kurian, J. de Phys., Collog., 36, C1-403 (1975).

6. H. Arnold, Z. Phys. Chem., 226, 146 (1964).

7. W. L. McMillan, Phys. Rev., A6, 936 (1972).

8. M. Nakagawa and T. Akahane, J. Phys. Soc. Japan, 53, 1951 (1984).

9. J. Seelig and W. Niederberger, J. Amer. Chem. Soc., 96, 2069 (1974).



