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ABSTRACT: A previous ly  descr ibed technique  for 
measuring the order of phase t r a n ~ i t i o n s l - ~  using DSC 
h a s  been appl ied t o  t h e  l iquid c rys ta l l ine  t rans i t ions  
found in  TBBA. All of t h e  values obtained were in 
agreement  w i t h  t h o s e  t h a t  have  been measured  by  
o t h e r  techniques ,  a n d  also wi th  w h a t  would  be 
an t ic ipa ted  f r o m  t h e  n a t u r e  of t h e  t r a n s i t i o n .  T h i s  
s tudy  h a s  shown t h a t  t h c  technique  is appl icable  t o  
smcctic-smectic transitions in liquid crystals. 

A new method of quant i ta t ively discriminating between f i r s t  
and second order  transitions by DSC was recently proposed1i2 a n d  
successfully applied t o  the  smectic A-ncmatic t r a n ~ i t i o n . ~  Because 
this technique has  not been applied t o  all of t h e  more than 50 known 
liquid c rys ta l l ine  phase  transition^,^ we became in te res ted  in  i t s  
application t o  some smcctic-smectic transitions. One  of t h e  most  
completely s tud ied  mater ia l s  exhib i t ing  smect ic  phases  is 
N,N-terephtha ly l idene  bis  4-n-butylani l ine (TBl3A). T h i s  
compound,  o n  heat ing,  c x h i b i t s  c rys ta l l ine  ( K ) ,  smect ic  G (G) ,  
smectic C (C), smectic A (A) ,  nematic (N)  and isotropic (1) phases, 
and the  purpose of th i s  s tudy was t o  apply t h e  technique described 
in reference 1 t o  these transitions. 

*Permanent Address: Centre  de Mise en forme de  MstCriaux, Ecole 
des Mines de Paris, Sophia Antipolis, 06575,  Valbonne, France 
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266 P. N A V A R D  and R COX 

EXPERIMES‘I‘AL 

TUBA was  preparcd by condcnsa t ion  of 2 moles of 
p-n-butylani l ine w i t h  tc rephtha ldchyde  in c t h a n o l  a t  room 
t e m p e r a t u r e .  A f t e r  filtering t h e  prec ip i ta te  and  washing i t  wi th  
ethanol, t h e  yellow crystals wcrc recrystallizcd from ethanol .  

T h e  DSC nicasuremcnts  were carr icd o u t  using a 
Perkin-Elmcr DSC2 controllcd by a model 3600 data  station. T h c  
mcasurcd cnthalpics and t ransi t ion temperatures  of the  TDI3A agrcc 
with thc  DSC l i terature  v a l ~ e s . ~  l ’hc samplc wcight uscd for t h c  
DSC mcasurcnicnts was bctwccn 5 and 20 mg. 

RESULTS A S D  DISCUSSIOS 

l’he mcthod used for determinat ion of t h e  order  of the  phase 
transitions requires t h e  mcasuremcnt  of thc  ra t io  N=h, /h , ,  where 
h ,  is the height of t h e  transition peak and h, is the  hcight of the  
same pcak taken a t  twicc the  heating N is 2 for a second 
order transition and is bctwccn 1 and J 2  for an isothermal first 
order transition. As pointed out  in rcfcrcncc 3 ,  this  tcchnique is 
vcry convenicnt when applicd to liquid crystals since a t  lcast t w o  
transitions, the  crystal  to liquid crystal  and t h e  nematic t o  isotropic, 
a r e  a lways  f i r s t  o r d c r .  O n e  c a n  then use these  t rans i t ions  as 
standards when detcrrnining the ordcr  of the  o ther  transitions in t h e  
liquid crystal. The  value of N for  the  diffcrcnt phasc transitions of 
1 B B A  is shown in Table 1 .  

1 A B L E  1 .  N Valucs of thc l’hasc Transitions in TI313A 

K+G G+C C+A A+N N+I 

1.4 1.4 1.8-2 .3  1.3 1.4 

The crystal to smcctic G and the ncmatic to isotropic transitions a r e  
first ordcr  with N c 1 . 4 ,  and the  method can thus  be applicd with 
confidcncc to the  o ther  transitions. l h e  smectic G t o  smcctic C 
transition is f i rs t  ordcr  with N < 1 . 4  as shown in l a b l e  1. This is no t  
surprising sincc i ts  enthalpy is very largc and the breaking of the  
quasi-crystalline o r d e r  in t h e  layer  is rcminisccnce of a mel t ing  
proccss. l h c  smcctic A t o  ncmatic  transition is also found t o  be 
f i rs t  o r d c r  wi th  N 5 1 . 4 .  T h i s  fol lows the  McMil lan rule(' t h a t  
(‘T,+p;/T,,,)>0.87, t h u s  dcno!ing a first order smcctic A to  nematic 
transition in the  case of I’Hl3A wherc ’I’A+N/’rN+I = 0.93. I t  should 
be pointcd out  that  whilc thc  hlcMillan ru le  docs not always agree 
w i t h  cxpcrirncnt7 a vcry recent  rcpor tX h a s  d e m o n s t r a t e d ,  by 
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DSC STUDY OF SMECTIC PHASE TRANSITIONS 267 

measuring specific volumes, thc first order character of the sniectic 
A to  nematic transition in 'I'llllA in excellent agreement with o u r  
determination of N .  In this s tudy ,  we were most interested in the  
smectic C to smcctic A transition, since both t h c o r c t i ~ a l l y ~ - ~ ~  and 
e x p ~ r i m e n t a I l y , ~ , ' * - ~ ~  i t  has  bcen found to be second order. T h a t  
th i s  is so can bc readily understood, as  the only difference between 
smectic C and snicctic A is the tilt  of the molecule with respect to 
t h e  layer  normal .  This  t i l t  anglc decreases  cont inuous ly  wi th  
incrcasing t e m p e r a t u r e  s t a r t i n g  f r o m  t h e  smect ic  C and becoming 
zero at the bcginning of thc smcctic A phase, and is thercforc a good 
examplc of a second order transition. '1.0 i l lustrate this, we plotted 
in Fig. 1 ,  together with the DSC traces o f  the  smectic C to smcctic 
A transitions a t  5 and 10K m n - ' ,  the  values for thc rate  of variation 
of t h e  tilt  angle as  a function of temperature  as found in Fig. 7 of 
R c f .  16. T h i s  readily i l l u s t r a t e s  t h a t  t h c  DSC peak becomes 
detectablc a t  the  point where d a / d t  increases, and shows tha t  t h e  
dcparturc  f rom thc  bascline cxpresses the energy needed to bring t h e  
t i l t  to  zero. This  cont inuous proccss ends a t  thc  transition point, 
where the  measurement of N was performed. As expected for  a 
second order transition, N was found t o  be close to 2. The large 
var ia t ion  in t h e  measurcmcnt  (1 .8-2 .3)  ref lects  t h e  diff icul ty  of 
properly dctermining the baseline, and a large sample (20 mg.) was 
necessary in order  to detcct this smcctic C to smectic A transition. 
In  order  t o  ensure  t h e  val idi ty  o f  t h e  measurement  a t  t h i s  large 
loading,  the  va lues  for  t h e  o t h e r  t rans i t ions  were conf i rmed as 
remaining a t  N s 1.4.  
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268 P. NAVARD and R. COX 

SA Transition I \  
\ 

I \ 
/ 

164 166 168 170 172 1 74 
Temperature O C  (uncorrected) 

FIGURE 1 DSC trace of the  smectic C to smectic A transition for 
TBHA a t  t w o  hcating rates. 5K mn- '  and 10K m n - * .  The lower plot 
is the ra te  of increase d n / d t ,  of t h e  tilt  angle a ,  v e r ~ u ~  temperature  
T. 

The  determination of the  hccond order  na ture  of a transition 
brings u p  an interesting question concerning t h e  measurement and 
meaning of transition enthalpy. There is n o  la tent  heat  associated 
with t h e  smect ic  C to  smect ic  A t rans i t ion ,  a n d  any  a r b i t r a r y  
drawing of a baseline under the  peak in order  to measure a la tent  
heat is t h u s  incorrect. An intercsting value which one can measure, 
however, is thc enthalpy associated with a given change of tilt  angle, 
which can be cxprcssed by A11 = (HT -HT,)/aT,-~uT, with H(T1 
and a(T) being, respectively, the  enthafpy and the tilt  angle a t  the 
temperature  T. In t h e  last 6 °C  below t h e  smcctic C to smectic A 
transition, the tilt  angle change is 16" and t h e  measurement of t h e  
area under the peak for this  temperature  range gives the  value for 
AH a s  SJ/mole dcg. Whether  A I I  was independent of the  tilt  angle 
could not be determined. 

Values lor N ,  having bccn checked for six different transitions, 
arc  in very good agrecmcnt with other  techniques used t o  measure 
the  ordcr of phase transition, and  arc  what  one would expect for 
t rans i t ions  such  as  smect ic  C to smect ic  A .  N c a n  be readi ly  
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determined and gives valuable information coricerning the nature  of 
phase transitions being studied. 
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