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by low-frequency internal friction and 
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Phase transition of liquid crystal carboxylate from crystalline state (K) to smectic phase B (S,) is 
investigated by low-frequency internal friction (IF) and DSC method. The IF peak temperature 
increases with the increase of heating rate, but it has no clear dependence on vibration frequency. The 
experimental results agree with the characters of the low-frequency IF associated with first-order 
phase transition, and the change in the quantity of phase interface is responsible for the IF peak. 

Keywords: internal friction; liquid crystal; phase transition; DSC; carboxylate 

INTRODUCTION 

As an orientation-order fluid, liquid crystal is mesomophic phase between a com- 
plete ordering crystal and an anisotropic liquid. Because of their very wide appli- 
cation, there has been much research focused on these materials. The internal 
friction (IF) technique is useful for the study of structural transition in solids 
since it is structurally sensitive"]. Since torsion braid analysis (TBA)[21 was put 
forward, the study range of the IF technique was expanded from solid materials 
to viscid liquids. Up to now, little IF study on the phase transition of liquid crys- 
tal has been doneL3"]. 
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On the origin of IF peak associated with phase transition, there are many dif- 
ferent viewpoints. (a) In the explanation of the steady-state IF peak during mar- 
tensitic transformation, a theory of soft modulus was presentedr6]; (b) Ke, el 
ul.l7lhold the viewpoint that the IF is related with movement of extended disloca- 
tions on the coherency interface; (c) Postnikov, et al.['l suggested that the IF is 
concerned with the fluctuation during the phase transition; (d) Zhang, et ~ 1 . ~ ~ ~  
advanced an interface kinetic model and contributed the low-frequency IF to the 
movement of phase interface. In this work, compared with DSC results the phase 
transition of liquid crystal carboxylate from crystalline state (K) to smectic B 
(SB) is studied by low-frequency IF method in forced-vibration mode and the 
mechanism of the IF peak is discussed. 

EXPERIMENTAL PROCEDURE 

In the experiments the liquid crystal material is truns-4-(4 '-propyley- 
clahexy1)phenyl trans-4-butylcyclohexune carboxylate, which chemical formula 
of is C , H ~ - @ C ~ - @ - a C J - h  . It is prepared by Tsinghua Liquid Crystal Materials 
Company. 

Low-frequency IF measurements were held on Multi-function Internal Friction 
Apparatus (MFIFA-I) and the measurement pattern is forced vibration. DSC 
experiments were carried out on Perkin-Elmer DSC-2C apparatus. The IF and 
DSC experiments were all measured with increasing temperature. 

The samples used are composite of copper rod as substrate and a thin layer of 
liquid crystal covering it. The rod, made of commercial pure copper, is about 60 
rnm in length and about 1 mm in diameter. The layer thickness of liquid crystal is 
of the order of several micrometers. 

RESULTS 

In Fig.], Curve (i), the IF verus temperature ( Q - l - 7 )  curve of pure copper rod 
shows that the IF value (Q-'1 increases slowly with increasing temperature, as 
the background value in our experiments, and Curve (ii) shows the Q-'-T curve 
of composite of liquid crystal and copper rod in the temperature range from 30 
"C to 80 "C. It is seen that there is one IF peak at about 54 O C .  So the peak is con- 
tribute to the internal structure transition of liquid crystal. 

Fig.2 shows DSC scanning spectrum of liquid crystal during heating process. 
There is one endothermal peak at about 52 "C in the temperature range from 30 
"C to 80 "C, corresponding with the phase transition from K to S,. 
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FIGURE I The temperature-dependence of IF (Q-') (i) the pure copper rod, (ii) the composite of liq- 
uid crystal carboxylate and copper rod 

In order to calculate the activation energy of the phase transition of liquid crys- 
tal carboxylate from K to S,, a series of DSC experiments were carried out dur- 
ing heating process at five different scanning rates (1.25, 2.5, 5, 10 and 20 
"C/min), see Fig. 3(a). It can be seen that the peak temperature ( r )  and height all 
become higher with the increase of scanning rate (t). The relationship can be 
described with Kissinger Equation["l, 

E 
In - = A + -  (:) KT 
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13- 
12 - 

= 9  
7- _;d - 8  = 7  / 

6 -  

where A is a constant, E is the apparent activation energy, T is peak temperature, 
r is heating rate, and K is the Boltzmann constant. Using the formula, we can get 
the relationship curve in Fig. 3(b) and the apparent activation energy of the endo- 
thermal peak is the slope of the straight line, EDsC =(3.80+0.45)eV. 

Compared with the DSC results, the Q-'-T curves at five different heating 
rates (1, 2, 4, 6 and 8 " C h i n )  show that the peak temperature ( r )  and height of 
the IF peak also become higher with the increase of the heating rate ( t )  (see 
Fig. 4(a)), a same variation tendency with that in Fig. 3(a). According to the 
Kissinger Equation, the relationship curve is plotted in Fig. 4(b) and the apparent 
activation energy of the IF peak is: EIF = (3.87k0.62)eV. The two values of acti- 
vation energy are equal within the effective error range. Hence, the IF peak is due 
to the phase transition from K to S,. 

2 

t= I .25 "C/min 

FIGURE 3 (a) The endothermal curves of DSC at different scanning rates. (1.25, 2.5, 5 ,  10 and 20 
"Chin). (b) The relationship curve between the peak temperature of endothermal peak ( r )  and scan- 
ning rate ([) 
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PHASE TRANSITION OF LIQUID CRYSTAL 155 

Simultaneously, in order to study the frequency dependence of IF peak, the 
Q-'-T curves at different vibration frequencies are plotted as Fig.5. The vibra- 
tion frequencies are 0.1, 0.5, 1 and 2.5 Hz. They show that the peak temperature 
hardly changes with vibration frequency. The results are corresponding with the 
general characters of the low-frequency IF associated with first-order phase tran- 
sition. 

13 
12 
11 

h 10 

- 8  
= 7  

6 
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N = 9  
I- 

- 

- 

I I I I 1 I I 

2.96 2.98 3.00 3.02 3.04 3.06 3.08 
1000 / T 

(b) 
FIGURE 4 (a) The low-frequency IF-temperature curve at different heating rates ( I ,  2, 4, 6 and 8 
'Chin) .  (b) The relationship curve between the peak temperature of IF peak (0 and the heating rate 
(0 
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DISCUSSION 

The transition from crystalline state to liquid crystal is a reversible endothermal 
phase transition, called as first-order phase transition in thermodynamics, veri- 
fied by DSC experimental results. Phase transition happens at a curtain tempera- 
ture, called temperature of phase transition, and also called chain-melting 
temperature (Tcm) for liquid crystal. The experimental results have showed that 
the IF peak is due to phase transition from K to S,. 

It is known that liquid crystal is composed of rod-like molecules. The align- 
ment of rod-like molecules will change when the phase transition takes place. 
The position shift of rod-like molecules usually is behind the external force, i.e., 
there is a lag in phase between external force and strain produced by the move- 
ment of molecules, due to its mass and long chain structure. It is the origin of IF 
associated with phase transition of liquid crystal. 

2 t  0 

01 I I 
20 40 60 

TCC1 
80 

FIGURE 5 Q-’-Tcurves at different vibration frequencies: 0.1,0.5, 1 and 2.5 H z  

The IF peak is due to the change in the quantity of phase interface. When the 
temperature reaches T,,, the liquid crystal sample begins phase transition from 
K to S,, and the phase interface forms. Phase interface is viscoelasticity, so at 
this time viscoelasticity internal friction shows majority role. With temperature 
increasing the quantity of phase transition increases much, and the quantity of 
phase interface also increase, so the IF value increases rapidly: when the quantity 
of phase interface amounts to the maximum, the IF value reaches the maximum; 
with the continuous increase of quantity of phase transition due to the increase of 
temperature, the quantity of phase interface begins to decrease because the vol- 
ume fraction of the new phase is bigger than that of the parent phase, so the IF 
value also begins to decrease: when the parent phase all changes into the new 
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phase, the phase interface disappears, so the IF value of the new phase increases 
with increasing temperature. 

The peak temperature of IF peak increases with the increase of heating rate. 
When the heating rate increases, the phase transition of liquid crystal delays due 
to the kinetic reason, hence the temperature of phase transition increases. 

With the same heating rate, the change of the vibration frequency does not 
affect the begin temperature of phase transition, i.e., the temperature of IF peak 
has not clear dependence on the vibration frequency. So the temperature of IF 
peak hardly change with vibration frequency. 

CONCLUSIONS 

The phase transition of liquid crystal carboxylate from K to SB is investigated by 
low-frequency IF and DSC technique. From the experimental results and discus- 
sion, the following conclusions are obtained, 

(1) The peak temperature increases with the increase of heating rate; it has no 
clear dependence on vibration frequency, but the IF peak height decreases 
with the increase of vibration frequency. The results agree with the characters 
of the low-frequency IF associated with first-order phase transition. 
(2) The IF peak is due to the change in the quantity of phase interface. 
(3) The IF technique can be effectively used to study the phase transition of 
liquid crystal. 
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