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Sm A - Sm C Tricritical Point in TBBA and 
TBDA Mixtures 

P.R. ALAPATIa, A. ARULSANKARa, B. GOGOIa, 
T.K. GHOSHa and NAGAPPAb 

aDepartment of Physics, North Eastern Regional Institute of Science & 
Technology. Itanagar - 791 109, India and bDepartment of Studies in Physics, 

University of Mysore, Manasagangotri, Mysore - 570 006, India 

Terephtal-his-p-n-decylaniline (TBDA) exhibit a weakly first order Srn A - Srn C Phase 
Transition Whereas TBBA, a lower homologue of the same series, exhibit a second order Sm 
A - Sm C transition. In order to investigate the tricritical point (TCP) of Sm A - Sm C transi- 
tion, a systematic study of binary mixtures of TBBA + TBDA are undertaken. DSC and 
polarizing thermal microscopy studies infer the TCP of the Sm A - Sm C Transition at the 
weight percent of 80.05 TBDA in TBBA. We report here a systematic study of the approach 
of TCP by DSC and density measurements as a function of temperature in few compositions 
of TBBA + TBDA on both sides of the tricritical point. 

Keywords: First order transition; Sm A - Srn C transition; Tricritical point 

MTRODUCTION 
The smectic A and the smectic C phases are charactenz ' ed by a onedimensional 
density wave whose wave vector is along (Sm A) or tilted (Sm C) with respect to the 

molecular director. The molecules maintain translational invariance within the 
smectic planes. If the constituent molecules are optically active the Sm C' 
will be observed instead of the Sm C phase. Experimentally, the Sm A - Sm C 
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(Sm A - Sm C') transition is generally found to be second order. Although, it was 
initially proposed that this transition might exhibit he& like critical behaviod", 
sutsequent studies have clearly shown that Sm A - Sm C as well as the 
Sm A - Sm C' transition is mean-field-like with a sixth order term in the Landau 
free energy expansi~n[~"~. Lien and H w g @ ]  predicted that the Sm C - Sm A 

transition can be driven to become first order by large fluctuations of a nearby 
Sm A - Isotropic transition However, the existehce of a first-or&r Sm A - Sm C 

m i t i o n  Qes not appear to have been established experimentally so far except in 
few higher homologues of Terephthal-bis-pn-akylaniline series of compounds viz., 
TBDA and TBNA However, a first order Sm A - Sm C' transition was observed in 
some ferroelectric liquid crystals exhibiting high spontaneous polarisation. 
Sm A - Sm C fricritical points are also reportedp"zJ either as fluctuation mediated 

weak first order Sm A - Sm C transitions, weak first order transitions due to the 

strong coupling between the chiral p u p  to the orientational order, or due to the 

narrow Sm A thermal range and also in the vicinity of N-SA-Sc multicritid points. 

Higher homologues of TE&i series of compounds viz., TBDA and TBNA 

exhibit first order/weakly first order Sm A - Sm C t~ansition,"~~'~~ whereas TBY 
and lower homologues exhibit a second order Sm A - Sm C musition. We report 

here a systematic study of the Sm A - Sm C tricritical point (TCP) in tnnary 
mixhues of TBDA + TJ3BA using Differential Scanning Calorimetry (DSC) and 

density studies. The only other study of the Sm A - Sm C TCP in T B h  
homologous series was reported by Prasad et al[*] using X-ray diffraction studies. 

EXPERIMENTAL 

The compunds TBBA and TBDA were synthesized following the standard 

procedure given in the literature[131 and rcpeatady recTystallized fimn absolute 
ethanol4mzene mixture until the observed transition temperatures were constant. 

The mixlures of TBDA+TBBA were prepared in ethanol-benzene mixture and the 
solvent was mwed under v~cuum using Rotoevaporator. The transition 

temperatures were determtned ' by using Pakin-ElmerDSC-2. Variou~@ses 
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exhibited by these mixtum were characterid by observing theii textures under a 

polarizing micmmpe attached with an indigenous hot stage. The temperature 
resolution of the m i u w x p i c  observation was 0.1"C. Density measurements were 
carried out with a bicapillary pykmmd'4. TIE diameter of tbe capillary was 

about 0.35 mmand the accuracy in the cicnsity measummtwas tt0.1 TIE 

permitted cooling rate was 2°C bf' andtem- ~ccuracy ~ 8 6  M.1"C. 

RESULTS AND DISCUSSION 
Molecular strucaue of Temphthal-bis-p-n~hiline compounds is shown below. 

TBDA(n=10) and TBBA(n4) 

The Isotropic - Smectic A and Smectic A - Smectic C phase transition 

temperatures and entropy change (Am) at these transitions in seven compositions 

of weight percent of TBDA in TBBA are presented in Table 1. 

TABLE 1 1-4 and SA-S, phase transition te- and entropy 
change (Am) at these transitions in different compositions of 
weight percent of TBDA in TBBA 

Transition SmAThemal Entropychange 
Yo TBDA TempemfmJ°C Range/oc (Am) 

I-SA SA-S, I-& SA-S, 
100 190.90 189.02 1.88 1.81 0.152 
93.55 193 187.3 5.70 1.79 0.098 
85.15 198.6 184.7 13.90 1.67 0.048 
82.80 197.6 181.6 16.00 1.68 0.028 
81.06 197.2 181.1 16.1 1.62 
80.26 198.9 182 16.90 1.63 
80.05 199.5 182.2 17.30 1.56 
75.39 200.9 177.4 23.5 1.59 

Smooth variation of entropy change at the Sm A - Sm C traasition in different 
mixhut% indicate the existence of Tricritical Point (TO near 81% of TBDA. 
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Variation of enhqy change as a function of weight pacent of TBDA in TBBA is 

shown in figure 1. The variation of entrow change ( A m )  at Sm A -  Sm C 

h W l d h l  as a funaion Of d d  -, T A & ~  Where (TAC i S  the SA - & and 
Tm is the isotropic - smectic A W t i o n  tempaahrre) similar to Mc Millan 
pasameter for Nematic - Smedic A traaSitim is shown in figure 2. It appears that 

the crossover of Sm A -Sm C transition liom first order to secoII(I order tramition 

0 m 40 00 m 100 
WqMY d TBDA In TBBA 

FIGURE 1 Variation of en- change as a function of weight percent of 
TBDA in TBBA 

0.16 

0.12 

0.01 =: 0 1 

0.95 0.06 0.97 0.m 0.00 

T ~ . d r ,  

FIGURE 2 Tbe variation of entropy change (AS/R) as a function of scaled 
P a r a m a a T d m  
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takes place at a T A ~ N  value ofO.960. The ratios N = h A  (where l11 and hz a the 
heights ofthe DSC transition peaks obtainedat the Sm A - Sm C transition with 

twodif€ercnttmpemue scamiug rates: oae (n,)beingtwict the pther 011) kseping 
the weight oftbe compound constant) are 1s N s 42 for an isothermal fvst order 
transitian and 2 for a second order transition['q. Vatiatioa of Navad-Cox parameter 

oIJ=hdh~) as a fuaction of weight percent of TBDA is shown in figure 3. 

2 * o  2'2 1 
0 

FIGURE 3 NavarcccOx parameter as a function of weight % of TBDA 

A constant value of N=2 for mixtures lower than 80.05% TBDA indicates that the 

transition is secondorder where as the smooth deaease of N value from 2 at 80.05% 

TBDA to 1.34 at 1Wh TBDA indicates that the transition becomes weakly first 
order in mixtures W e  80.05% TE$DA M o r e ,  the existeact of TCP for 

Sm A - Sm C is es@bhhd in 80.05% TBDA in TBBA at a T A M  value of0.959. 
Thevariation ofdensityas a funaion oftempuaaue in six binary mi.dures 

of TBDA + TBBA Viz., 93.55% TBDA, 85.15% TBDA, 82.80% TBDA, 81.06% 
TBDA, 80.05% TBDA and 75.39% TBDA are shown in figm 4. Rarher small 
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I f  

density jumps (Adp%h) of 0.21 for the mkhm 93.55% TBDA, 0.12 for the mixture 
85.15% TBDA and 0.08% for 82.W0 TBDA are obsavsd at the Sm A - Sm C 
transition indicating that the trrnsitian weaka firrtfia 8s the pacent of TBBA is 
inucased. Fwthaa small coexkbce region of Sm A and Sm C phases was 

obsaved at the transition m these three mixhres. ‘these valw are in agrwment 

with density jump (Aplph) at Sm A - Sm C transition in pure TBDA which is 
0.39’”l whereas it is 0.13 in TBNA[”]. No density jump was observed at the 
transition for the ruuaiaing mktum N e d  indicating that the lransition is wcmd 

order. However, the transition is indicated by a very small change m slope of 
density w e  at the smectic A - smectic C transition. 

0.98- 

0.95 - 
................... - 

.......... ................... - ........... 

‘1 1 I 

FIGURE 4 The vnriatim of density as a limctian of tempmlure (centred 
on T& in six binary mixtures of TBDA + TBBA (a) 93.55% 
TBDA (b) 85.15% TBDA (c) 82.8Ph TBDA (d) 81.06% 
TBDA (e) 80.05% TBDA and (t) 75.39% TBDA. 
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~ensity jumps for mixtum B T ~  compared with thase of puc TBAA 
compounds in Table 2. The variation of density at SA-& W t i m  as a function of 
thermal range of Sm A pbase (Table 2) clearly iadicate that the transition becomes 

weakeras the Sm Athermal ran@ increaseS and the TCP dccuc at a Sm A t h d  

range of about 17'C, whereas in pne compound, TEIOA, existence of TCP was 

repotted with a much lower Sm A thermal range of 9.4OC. 

TABLE 2 Density jump at Sm A -  Sm C transition and Sm Athenaal 
range of TBDA + TBBA mixtures andother "BAA 
homologues. 

Compound A@p% T~orrU SmAThennal 

93.55% TBDA 0.2 1 0.988 5.80 
85.15% TBDA 0.12 0.971 13.90 
82.8090TBDA 0.08 0.966 16.00 
80.26% TBDA 0.964 16.9 
80.05% TBDA 0.960 17.3 
TBDA 0.39 0.9% 1.90 
TBNA 0.13 6.40 
TBOA 9.40 

Range ('C, 
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