This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Density studies in terephthalylidene-bis-p-n-alkylanilines

S. Lakshminarayana?; C. R. Prabhu?; D. M. Potukuchi®; N. V. S. Rao®; V. G. K. M. Pisipati*; D. Saran®
@ Faculty of Physical Sciences, Nagarjuna University, India ® Department of Physics, I. I. T., Kanpur,
India

To cite this Article Lakshminarayana, S., Prabhu, C. R., Potukuchi, D. M., Rao, N. V. S., Pisipati, V. G. K. M. and Saran,
D.(1993) 'Density studies in terephthalylidene-bis-p-n-alkylanilines', Liquid Crystals, 15: 6, 909 — 914

To link to this Article: DOI: 10.1080/02678299308036510
URL: http://dx.doi.org/10.1080/02678299308036510

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299308036510
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 57 26 January 2011

Downl oaded At:

LiQuip CRrYSTALS, 1993, VoL. 15, No. 6, 909-914
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The temperature dependence of density in terephthalylidene-bis-p-n-
alkylanilines (TBAAS and 6) is studied to investigate the phase transitions,
associated volume jumps, order of the transitions, estimated pressure dependence of
transition temperatures, and pretransitional effects. The compounds exhibit
nematic, smectic A, smectic C, smectic F, smectic G and smectic H phases with
higher clearing temperatures. The smectic A to smectic C transition, which is a
fluctuation induced first order transition in TBAAY, is found to be a second order
transition in TBAAS and 6. The results are discussed in the light of other
experimental reports. The estimated pressure dependence of transition tempera-
tures along with the reported experimental P-T data are discussed. The N-S,
transition is first order in TBAAS and 6. The studies across other transitions are also
discussed.

1. Intreduction
There has been considerable interest [1-3] in the experimental investigations of
terephthalylidene-bis-p-n-alkylaniline series, popularly known as the TBAA series. The
TBAA homologues exhibit a variety of mesophases with wide thermal ranges, namely,
nematic, smectics A, C, F, T and G. Hence the study of phase transitions between
thermally stable phases in such compounds can reveal:

(1) the influence of orientational critical thermal fluctuations on the order [4] of
N-S, transitions,

(2) the validity of theoretical predictions of two dimensional melting [ 5] of crystals
(Sc—Sy transition) and

(3) the influence of the strength of relative coupling of long range orientational
order (tilt) to the short range positional order (hexagonal) where the six-fold
symmetry breaks down (S—Sg transition)

Here, we present the results of thermal microscopy (TM), and density investigations
in the compounds terephthalylidene-bis-p-n-pentylaniline (TBAAS5), and
terephthalylidene-bis-p-n hexylaniline (TBAA6). The pressure dependence of transition
temperatures are estimated from measured volume jumps and enthalpy data. The order
of the phase transitions, in the light of the reported [ 1-4] experimental results in the
TBAA series and other liquid crystalline compounds, is discussed.

* Author for correspondence.
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2. Experimental

The compounds TBAAS and TBAA6 were synthesized as reported [3] earlier.
Thermal microscopy was carried out using a Hertel-Reuss Super Pan-II polarizing
microscope equipped with a hot stage. The density investigations were carried out
using a bicapillary pyknometer as reported [3] earlier. The absolute error of the density
measurement was +0-1 kg m ™3 and the accuracy of the temperature measurement was
+0-2°C. The transition temperatures (in °C) by various methods, and enthalpy values
(AH in Jmol™! and scan rate is 5°C min~!) associated with various transitions are
presented below.

Compound  Method I-N N-S, SiS¢ ScS¢ S¢S S¢Sy
TBAA6 T™M/°C 2155 2075 1862 1524 1416 (64-5)
Density/°C 2078 1996 1782 1464 1362
DSC/°C 2136 2066 1866 1527 1426  (64:6)
AH/Imol ! 1440 1540 70 4720 62 910
TBAAS T™/°C 2333 211 1783 1488
Density/°C 235 2136 180 1498 1406
DSC/°C 2315 2105 1785 1487 1308  (637)
AH/Imol ™! 1530 1200 3660 95 1140

( ) denotes a monotropic transition (in cooling cycle).

3. Results and discussion
The variation of density (p), volume expansion coefficient () with temperature (T)
for TBAAS is shown in figures 1 and 2, respectively. The calculated density jump (Ap/p)
x 100, volume expansion coefficient peak value (), pressure dependence of transition
temperatures (dTe/dp) from density and DSC data for TBAAS and TBAA6 are
presented in table 1.

3.1. Isotropic—nematic [I-N7] transition

The large density jumps (Ap/p) and the volume expansion coefficient maxima
computed from the data (see table 1) for TBAAS and TBAAG suggest the first order
nature of the I-N transition. It may be noticed that the order of density jump is
comparable to that of the observed jump [6] across the I-N transition in nO.m
compounds. The relatively higher jump for the compound TBAAS with an odd
numbered alkyl end-chain (i.e. an odd number of carbon atoms in the chain) reflects the
odd—even effect across the I-N transitions. The results are found to be in agreement
with the body of data on other compounds as predicted by Marceljas model [6]. It is
also noticed that the density slope increases from the isotropic to nematic phase (see
table 2) which indicates the relatively closer packing of orientationally ordered
molecules in the lower temperature nematic phase.

The pretransitional effects in the fluctuation dominated non-linear region
(FDNLR) from the density data are estimated using the equation (as described in our
earlier investigations of the 40.m series [6]),

[Ap|oc|AT|! ~2ere

which yielded the values of o as 0427 (for T > Ty, and 1°C FDNLR), 0-27 (for T < Ty
0-8°C FDNLR) for TBAAS and 0353 {for T> Ty 1:6°C FDNLR), 0-389 (for
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Figure 1.

Density (p) variation with temperature (7 in °C) in the compound TBAAS (insets [1

and IT] indicate enlarged plots at the N-S,, S,—S¢ and S-S transitions. In the inset 11,
the upper data points () correspond to the right and top axes; the lower data points ( x)
to the left and bottom axes.
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Figure 2. Volume expansion coefficient (¢) with temperature (T in °C) for the compound
TBAAS. The upper data points (M) correspond to the leit and top axes; the lower data
points (-) to the right and bottom axes.
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Table 1. Density jump (Ap/p x 100), volume expansion coefficient («) peak value and pressure
dependence of the transition temperature (dT¢/dp).

Compound Transition  (Ap/p)x 100  a/1074°C™! dT/dp/K(kbar) ™}
TBAAS -N 0356 67-12 5605
N-S, 0025 24-50 6839
Sa-Sc 0021 13-47
Sc—Se 1-660 2429 37-58
SSq 0-042 34-02 120-71
TBAA6 I-N 0-351 87-61 6007
N-S, 008 30-81 12:73
SA—S¢ 0-0003 1222
S-Sy 0-505 114-59 21-33
S-S 0-028 19-04 18-64

Table 2. Slope of the density curve (dp/dt) in the isotropic, nematic, smectic A, C, F and G

phases.
Compound dpjdty,  (pldyy  (dp/dr)s,  (pjdtls.  (dp/dt)s,  (dp/di)st
TBAAS 9-52 10-52 1177 12-93 15-65 17-65
TBAA6 9-00 10-03 10-54 11-30 15-74 16-80

tdp/dt in 10" *gcc™'°C 1.

T < Ty 0-8°C FDNLR) for TBAA6 to suggest higher correlation lengths as are
visualized from rapid growth of nematic like regions in the higher temperature side of
the I-N transition, in spite of their longer thermal spans than on the lower temperature
nematic side of it. The goodness of the fit is demonstrated through the y? test. (The
p values support the insignificant error in the hypothesis.)

The estimated pressure dependence of the I-N transition temperature from
observed density and DSC data using the Clausius-Clapeyron equation is found to be
remarkably higher than the reported values in nO.m and other compounds to indicate
the steeper I-N interface in the P-T plane.

3.2. Nematic—-smectic A [N-S,] transition

Across the N-S, transition, a relatively small density jump is observed. The volume
expansion coefficient maxima suggests a weak first order N-S, transition. The
McMillan parameter (Tys, /Ta) and the nematic thermal range values, respectively, are
0-958 and 21°C for TBAAS and 0-983 and 7°C for TBAA6. The N-S, transition in
TBAAS5 and 6 is found to be first order and is in agreement with the theoretical
predictions. These results also support the hypothesis in which the McMillan
parameter [4] had been used as an effective field variable in analysing the N-S,
tricritical point. It is also observed that the density jump, being higher for the odd
numbered alkyl end-chain compounds across a [-N transition, is found to be of lower
magnitude across a N-S, transition. Similar trends of reverse order in density jumps
are observed [6] in other homologous series of compounds exhibiting I-N and N-S,
transitions.

The pressure dependence of the N—S, transition temperature (dTys, /dp) estimated
from density and DSC data is found to be remarkably higher in TBAAS reflecting the



10: 57 26 January 2011

Downl oaded At:

Density changes in TBAA mesogens 913

effective role of higher temperature N-S, pretranslational fluctuations. However, it is
found to be lower in TBAAG.

3.3. Smectic A-—smectic C [S,—Sc] transition

The small Ap/p and a values at the S,—S. transition indicate the second order
continuous nature of this transition in agreement with the theoretical predictions.
Furthermore, the density jump at the S,—S transition for these compounds is found to
be of the same order of magnitude in the body of data that is reported for compounds
with a larger smectic C thermal range (and exhibiting a high temperature smectic A
phase). It is apparent from the plots of density (i.c., p variation with temperature), that
the increment of density is step-wise at the transition point rather than involving any
smectic A-smectic C coexistence or smeared region. Although it is conceivable that
fluctuations [3, 7-137] can convert an otherwise second order transition into a first
order transition, there is absolutely no reason to believe that this effect is occurring here
because of the wide range of the smectic A phase (33:6°C in TBAAS and 21-4°C in
TBAAG) or in the binary mixtures of compounds exhibiting large thermal ranges of the
smectic A phase.

3.4. Smectic—smectic F [S—Sy] transition

The S—Sg transition is accompanied by large density jumps and volume expansion
coefficient peak values, that support the first order nature of the transition. It may be
noted that the large smectic C thermal ranges (30-2°Cin TBAAS and 31-8°Cin TBAAS)
are expected [14] to unlock the high temperature two-fold biaxial mode from the
exponentially growing six-fold hexatic continuous symmetry, resulting into a second
order transition (against the observed first order S—Sg transition) as in the case of two
dimensional melting of crystals, Furthermore, a recent study [15] of TBAAS discussed
the S S tricritical point where the order of the transition changes from second order
to first order. The estimated pressure dependence of the Sc—Sg transition temperature
of TBAAS is found to be in agreement with the reported [3, 16, 17] smectic C to smectic
F transition in TBAA7 and the smectic C to smectic I transition in TBAA9, 10 and 12,
and the direct P-T data of TBAA 10 by the metabolometer method. However, the value
of the Clapeyron slope at the S¢Sy transition in TBAAG6 is found to be lower than
S-Sy or S¢S, transitions involving a similar change of environment and symmetry,
and might be due to the observed lower density jump across this transition.

3.5. Smectic F-smectic G [Sg—Sg] transition
The small density jump, volume expansion coefficient maxima and small AH values
suggest the weak first order S-S transition. Across the Sg—S4 transition (which
involves a change in bond orientational order, dimensionality, from two in S to three
in Sg), the observed AH and Ap/p values, (which are small but significant) are difficult to
explain in the context of the higher AH and Ap/p values for transitions involving no
change in the structural dimensionality (namely, S,—Sg, Sc—Sg and S-S, transitions).

4. Conclusions
The N-S, transition is found to be first order in the pentyl and hexyl homologues of
terephthalylidene-bis-p-n-alkylanilines. The S,—S¢ transition is continuous, while the
S-Sk and Sg-Sq transitions are found to be first order. The DSC data and density
studies concurred in determining the order of the transitions.

Financial assistance is provided by CSIR and DST, New Dethi.
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