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Liquid crystal ~ liquid crystal and liquid crystal --* isotropic liquid transitions of several 
materials are studied using a number N, where N is defined as the ratio h ' /h, h and h'  being 
the heights of the transition peaks at heating rates 7"p and 2tp respectively. N is found close 
to two, which shows that a heat capacity increase occurs near the transition temperature, in 
agreement with the current theories describing these transitions. 

In Part I of this paper [1], theoretical expressions are derived for a number N, de- 
f ined as N = h ' / h ,  where h is the height of a transit ion peak for  a mass of  sample m 
and a heating rate 7"p and h '  is the height of the same peak for  a mass 2m or a heating 
rate 27"p. Values of N are given for di f ferent types of transit ion. Two main pieces of  
informat ion can be deduced from the measurement of N. The first one is connected 
wi th  anomalous values of N and the other one w i th  an estimate of  the relative impor- 
tance of  the first and the second order components in a phase transit ion. The transi- 
t ion between a nematic (or cholesteric) phase and an isotropic l iquid phase is of  f irst 
order, but is usually described as "a weakly f irst order" transit ion [2]. The purpose of 
this paper is to apply the measurement of N to several low molar mass or polymer 
l iquid crystall ine systems. 

Phase transitions in liquid crystals 

Liquid crystals are one of the sub-classes of mesomorphic materials (materials 
having properties and structures intermediate between a true crystal and a true l iquid). 
L iquid crystals can be roughly described as sets of  molecules having no long range 
posit ional order but on ly  a long range orientational order. There are several possibili- 
ties for such a molecular arrangement, called nematics, cholesterics or smectics (see for 
example ref. [2]). Low molar mass l iquid crystals are the most wel l  known, but it is 
also possible to obtain l iquid crystall ine phases w i th  polymers, either in the bulk or 
in solut ion, 
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The liquid crystal to isotropic liquid (LC-*  L) transition has been studied mainly 
in two ways. The first one is to consider the isotropic liquid, and the second the liquid 
crystal phase. 

The isotropic liquid was studied by De Gennes [3] who used a Landau type theory. 
This theory involves a power series expansion of the Helmholtz free energy F near the 
transition in terms of an order parameter S. The deductions which can be made con- 
cerning magnetic birefringence, f low birefringence, light scattering intensity and shear 
viscosity are all consistent with experiments. The transition is of first order, with a 
strong second order component. 

Numerous theories describe the liquid crystalline phase, and it is beyond the scope 
of this paper to review them (see for instance the review paper of Smith [4]). Most of 
the theories are more or less based on the original work of Maier and Saupe. These 
authors used a mean field theory with a quadratic S dependence of the interaction 
energy between molecules. The main features of this theory and its derivatives are in 
agreement with experimental evidence. The theory predicts a first order liquid crystal- 
isotropic liquid transition. This result was criticized by some authors who discussed 
whether this first order transition could be due to the mean field approximation and 
found, by other methods, a second order transition [4]. The results are less certain 
when smectic phases are involved since their description is not fully established. 

As seen above, the exact nature of phase transitions involving liquid crystalline 
phases is not well known. From an experimental point of view, the easiest way to 
study these phase transitions is to use a calorimetric tool. As seen in Part I, the 
problem is that the recorded heat power (for DSC) is a mixture of the enthalpy and 
the specific heat capacity contributions. This can be illustrated in the following 
manner: due to long range fluctuations of the order parameter near the transition, the 
specific heat capacity is supposed to increase a lot up to the transition point, as drawn 
in Fig. 1. At  the transition temperature, a first order phase transition takes place with 
a transition enthalpy ~- / (F ig.  1). The recorded DSC peak will be the mixture of these 
two contributions, and N will strongly depend on the relative importance of the 
specific heat capacity and the height of the peak. If the specific heat capacity is small, 
even its strong increase at the transition will not affect N, which will be a first order 
phase transition (Fig. 2.a). In the opposite case, N will reflect the increase of the 
specific heat capacity, and should be near 2 (Fig. 2.b). 
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Fig. 1 Schematic liquid crystal ~ isotropic liquid transition. Tt: transition temperature, 
H: enthalpy, Cp: heat capacity 

J. Thermal Anal. 29. 1984 



NAVARD, HAUDIN: THE HEIGHT OF DSC PEAKS Ih 417 

a) 

0 
Tt 

TemperGture 

b) 

Tt 
Temperature 

Fig. 2 Schematic DSC trace for a liquid crystal ~ isotropic liquid transition, a: heat capacity small 
compared to the height of the peak, b: heat capacity large compared to the height of the 
pea k 

Several liquid crystalline materials wil l  be studied, and the number N measured. 
Its value wil l  be discussed in the light of the theoretical results exposed above. 

Experimental section 

p-Azoxyanisole (PAA) was supplied by Fluka. A smectic and cholesteric sample 
for thermometry, labelled TM75A, was used as received from BDH. Hydroxypropyl- 
cellulose (HPC), M w = 60.000, from Hercules, was dehydrated at 100~ prior to use. 
Cellulose triacetate (CTA), supplied by Fluka was mixed with trifluoroacetic acid 

(TFA) at room temperature for several hours and studied in the following three days. 
Measurements were performed with a Perkin-Elmer DSC 2 calorimeter. 

Results and discussion 

p-Azoxyanisole 

Figure 3 shows a DSC trace of p-azoxyanisole: the first peak at t17 ~ is the 
crystal -+ nematic transition peak. Its N value is 1.4 (measured with 7"p = 2.5, 5 and 
10 deg min -1 ) .  The second peak at 135 ~ is the nematic -~ isotropic liquid transition 
peak. Its N value is 1.3 (same heating rates). These two N values are typical of first 
order phase transitions (see Part I). 

The heat capacity of PAA is small compared to the height of the peak. Even if an 
anomalous second order phenomenon occurs, increasing the heat capacity jump under 

J. Thermal Anal. 29, 1984 



4 1 8  N A V A R D ,  H A U D I N :  T H E  H E I G H T  O F  D S C  P E A K S  I1 .  

J 

'T 

~ 5 o  

T p : 5 = C . m i n  -1 

C r  

2 5 -  

0 J I 
t oo  12o 

N I so  

A 
i I = 

I/.,o 
T e m p e r a t u r e  ,~  

F i g .  3 E x p e r i m e n t a l  D S C  t r a c e  o f  p - a z o x y a n i s o l e .  C r :  c r y s t a l ,  N :  n e m a t i c  p h a s e ,  I s o :  i s o t r o p i c  
l i q u i d  

t h e  n e m a t i c - ~  i s o t r o p i c  l i q u i d  p e a k  b y  1 0 0 %  o r  2 0 0 ~  i t  c a n n o t  s h i f t  N t o w a r d s  t w o  
i n  a d e t e c t a b l e  w a y .  I t  is  t h e  c a s e  s h o w n  i n  F i g .  2 . a .  

T M 7 5 A  

F i g u r e  4 s h o w s  a D S C  t r a c e  f o r  t h i s  m a t e r i a l .  T h e  t w o  p e a k s  a t  4 1  ~ a n d  5 3  ~ c o r r e -  
s p o n d  r e s p e c t i v e l y  t o  t h e  s m e c t i c  - *  c h o l e s t e r i c  a n d  c h o l e s t e r i c  - *  i s o t r o p i c  l i q u i d  
t r a n s i t i o n s .  T h e  N v a l u e s  w e r e  m e a s u r e d  f o r  l o w  h e a t i n g  r a t e s  ( 0 . 6 2 ,  1 . 2 5  a n d  
2 . 5  d e g / m i n )  s i n c e  t h e  p e a k s  a r e  c l o s e  t o g e t h e r ,  a n d  f o u n d  t o  b e  1 . 9  f o r  t h e  f i r s t  p e a k  
a n d  1 . 8  f o r  t h e  s e c o n d  o n e .  T M 7 5 A  is a f a v o r a b l e  c a s e  s i n c e  i t s  h e a t  c a p a c i t y  is l a r g e  
c o m p a r e d  t o  t h e  h e i g h t  o f  t h e  p e a k s .  T h e  s m e c t i c  - ~  c h o l e s t e r i c  p e a k  is  e n l a r g e d  i n  
F i g .  5 .  E v e n  b y  t a k i n g  i n t o  a c c o u n t  t h e  v a r i a t i o n  o f  h e a t  c a p a c i t y  b e t w e e n  t h e  t w o  
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p h a s e s  u n d e r  t h e  p e a k ,  i t  is i m p o s s i b l e  t o  f i n d  a N v a l u e  s o  c l o s e  t o  t w o .  T h e  o n l y  w a y  
is t o  s u p p o s e  t h a t  a s e c o n d  o r d e r  c o m p o n e n t  p l a y s  a n  i m p o r t a n t  r o l e ,  a s  i n  F i g .  2 . b ,  
T h i s  is  w h a t  is t h e o r e t i c a l l y  p r e d i c t e d .  
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Fig. 5 TM75A: the smectic A ~ cholesteric transition. Sm: smectic phase, Ch: cholesteric phase 

Cellulose triacetate- trifluoroacetic acid cholesteric so/utions 

This kind of lyotropic liquid crystal polymer undergoes a mesomorphic-isotropic 
solution transition upon heating [5]. The peak is well defined, but very small. No 
precise explanation is available for describing the transition since several theories 
exist [6]. The determination of N for this transition gives 1.85 (concentration of 
polymer: 26% by weight). The number N is very close to 2 and this can be explained 
if it is the melting of an impure solution, or the end of a dissolution process or if there 
is a strong second order component in the transition. The materials used are pure, and 
the second hypothesis is not valid [6]. So, this high value of N probably reflects that 
a liquid crystal (nematic) - isotropic solution transition is only weakly first order. 
This result is close to the case of TM75A. This is consistent with new theories of semi- 
flexible mesomorphic polymers [7, 8] using Landau and Maier-Saupe type theories. 

Hydroxypropylcellulose 

Hydroxypropylcellulose was found to be a thermotropic liquid crystal between 
160 ~ and 205 ~ [9]. Upon heating, a DSC trace shows only one peak, which corre- 
sponds to two transitions, the crystal - liquid crystal anc~ the liquid crystal - isotropic 
liquid ones (Fig. 6). The N value is 2.6. This anomalous value reflects a two-transition 
phenomenon, as in the case of N-methylmorpholine N~)xide (see Part I). Indeed, these 
two peaks can be detected upon cooling, as is usual for monotropic liquid crystals 
(Fig. 6). The first use of the N number, i.e. the detection of anomalous transition, 
finds here another application. 
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Temperature ~~ 

Fig. 6 Experimental DSC trace of hydroxypropylcellulose 
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Conclusion 

The use of the number N for  studying the l iquid crystal ~ isotropic l iquid transit ion 
gives the fo l lowing results: l iquid crystals w i th  a small heat capacity compared to the 
height o f  the peek show the f irst order component of the transit ion. On the contrary, 
l iquid crystals w i th  a large heat capacity have a N number close to two,  which cannot 

be understood w i thou t  involving a large increase of  heat capacity at the clearing point,  
in agreement w i th  the theoretical predictions. A l iquid crystal -~ l iquid crystal (smectic 
A --> cholesteric) transit ion gives the same result. A l l  these results imply that the 
measurement of  enthalpies of  these transit ions should be carried out  w i th  care. If N 
is close to 1.4, measured enthalpies reflect the enthalpy of  the f i rst order component 
of the transit ion, and it is correct. I f  N is close to 2, the area of  the peak is not d i rect ly  
connected w i th  the enthalpy of the transit ion since the baseline line under the peek is 
not flat. 

In conclusion, the number N seems to be a very useful tool to characterize the 
l iquid crystal -* isotropic l iquid and l iquid crystal ~ l iquid crystal transitions. A lot of  
work has now to be performed to check that it is applicable to all the transitions 
found for  l iquid crystal materials. It is, of  course, beyond the scope of  this paper to 
consider all the types of mesomorphic phases and all the transit ions they can undergo. 
The main purpose of  the present paper is to give prel iminary results showing that the 
use of the number N is l ikely to provide valuable informat ion on phase transit ions in 
l iquid crystal l ine materials. In the near future, this new concept could be applied w i th  
benefit to other low molar mass l iquid crystall ine systems, such as alkylcyanobi- 
phenyls. This could explain, in particular, considerable discrepancies between the dif- 
ferent t ransi t ion enthalpy measurements [10, 11]. It is also planned to use the number 
N in the study of  phase transitions in l i th ium stearate, which are current ly  under 
investigation in our laboratory [12]. 
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Zusammenfassung -- F~ir verschiedene Material ien wurden die 0berg~nge FKissigkeitskr istal l -* FI0s- 
sigkeitskristal l  und FI0ssigkeitskristall ~ isotrope Fl~ssigkeit untersucht,  wobei  eine Zahl N einge- 
fiJhrt wurde, die als das Verh~ltnis h ' /h  der H~hen der Clbergangspeaks bei den Aufheizgeschwin- 
digkeiten 7"p bzw. 27~p def in ier t  ist. Es wurde festgestellt, dal~ N nahe 2 ist, was zeigt, dad in 
0bere ins t immung rnit den diese Clberg~nge beschreibenden aktuel len Theor ien die W~rmekapazit~t 
in der N~ihe tier 0bergangstemperatur  ansteigt. 

Pe310Me -- H3yqeHbl ~J1R HeKOTOpbiX BeuJ, eCTB nepexo~,bl THrla )KH,~KHH KpHCTaRg-)KH,0,KH~ KpHC- 
Tang H )KH,O, KHI4 KpHcTann'H3OTpOnHaR N(H,0.KOCTb, HCFIONb3yR napaMeTp N, onpe/~enReMbl~ OTHO- 
LUeHHeM h' /h ,  r/J,e h H h'-BblCOTa rlHKOB nepexo~.a npH CKOpOCTRX HarpeBa, COOTBeTCTBeHHO, 
~'n H 2t "  n. HaR/~eHHblR napaMeTp N 611H3OK K 3HaqeHHIO 2, HTO CBVlAeTenbCTByeT O0 yBeNHHeHHH 
TenROeMKOCTH OKOnO TeMnepaTypb= nepexoAa. 3TO RBgeHHe cornacyeTcA c TeOpHRMH, FIpHHR- 
TblMH ,/1.RFI OFIHCaHHR TaKHX nepexoD, oB. 
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