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The temperature variation of the magnetic susceptibility (x,) of the liquid crystals 
EPAP Acetate and EPAP Valerate is reported in the isotropic liquid and nematic 
phases. Abrupt changes in xp and S . Axs are observed at isotropic liquid-nematic 
transition. The isotropic liquid-nematic transition is found to be of first order in both 
the compounds. The order parameter is calculated using an estimated value for the 
molar susceptibility anisotropy. 

INTRODUCTION 

In nematic liquid there is orientational order. The order 
parameter can be determined by several t e c h n i q ~ e s . ~ - ~  It is shown 
that the diamagnetic susceptibility can be used to determine the order 
parameter in nematic liquid crystals. These measurements are useful, 
too, for understanding the phase transitions of the liquid crystals. In 
this paper we report the diamagnetic susceptibility investigations on 
P-(Ethoxyphenyl azophenyl) acetate and P-(Ethoxyphenyl azo- 
phenyl) Valerate which forms part of our systematic studies on liquid 
crystal phase  transition^.^-^ 
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464 L. V. CHOUDARY, J .  V. RAO AND P. VENKATACHARY,ULU 

THEORY 

The relation between Q, the macroscopic tensor order parameter and 
Xu the anisotropic part of the diamagnetic susceptibility tensor (per 
unit volume) can be expressed as4 

Where the constant G can be determined by setting Q,, = 1 in a 
perfectly aligned state. 

Hence Q,, = GX:, where a@ = x ,  y ,  z (2) 

G is given by 

where N is the number of molecules per unit volume and xII, xZ2 and 
x33 are the principal volume susceptibilities of an isolated molecule. 

If one defines the macroscopic diamagnetic susceptibility aniso- 
tropy of a completely ordered nematic phase as 

1 
x33 - 2 (x22  + X d ]  

then 

Q =-&? 3 "  
2 Ax 

(4) 

Thus it is possible to define the macroscopic order parameter QaP, 
which is independent of any assumption regarding the rigidity of the 
molecule. 

Rotating the diamagnetic susceptibility tensor of a single rod like 
molecule by an arbitrary rotation R (+, 8, I)), where +, 0 and + are 
the Euler angles of the rotation and then taking the statistical average 
we find that 

1 
2 

- X I  = - (~(cos '~)  - 1)AX 
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MAGNETIC SUSCEPTIBILITY STUDIES 465 

Where Ax is the anisotropy of the diamagnetic susceptibility of a 
perfectly aligned nematic phase, xII and xI are the volume suscepti- 
bilities parallel and perpendicular to the nematic director, respec- 
tively, and 8 is the angle between the long molecular axis and the 
nematic director. 

The microscopic order parameter S is defined as 

From (6) and (7) we get 

The average susceptibility is given by 

1 1 
3 U 

x v u  = - (XI1 + 2 X J  = j c x w w  

Equation (8) can be written as 

Hence 

EXPERIMENTAL 

Synthesis of EPAP acetate and EPAP valerate 

P-Ethoxy-P-hydroxy azobenzene was prepared by following the dia- 
zotization procedure,'O P-Ethoxy-P-hydroxy azobenzene was stirred 
with acetic anhydride in the presence of pyridene at room temper- 
ature. The mixture was poured in ice. The orange crystals which 
separated were washed with water and dried in vacuum. 
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466 L. V. CHOUDARY, J .  V. RAO AND P. VENKATACHARYULU 

The above procedure is repeated by taking Valeric anhydride in- 
stead of acetic anhydride (for EPAP Valerate). 

The samples were purified chromotographically with silicagel as 
absorbent and benzene as elucent. The pure samples were recrys- 
tallised from anhydrous ethyl-alcohol until the constant nematic- 
isotropic transition temperature was found. The phase transition tem- 
peratures of the two compounds were determined using polarising 
microscope and are given below. 

P-(Ethoxyphenyl azophenyl) acetate (EPAP Acetate) 

C 2 H 5 0 - ( & -  N = N OCOOCH, 

12i"C 136°C 
Solid - Nematic - Isotropic liquid 
P-(Ethoxyphenyl azophenyl) Valerate (EPAP Valerate) 

C2H,0 N = N OCOOC4H9 

78°C 126°C 
Solid - Nematic t-----, Isotropic liquid 

The diamagnetic susceptibility was measured as a function of tem- 
perature by means of a sensitive balance using the Faraday method 
at about 10 KOe. The corrections due to the force experienced by 
the suspension fibre, the sample container and the surrounding at- 
mosphere in the applied field were also made. The susceptibility 
measurements were accurate up to 1%. The accuracy of the tem- 
perature control was L 0.1"C. 

Since the magnetic field was strong enough to align the director 
parallel to H, the mass susceptibility measured in the liquid crystalline 
phase was (x,),,). In the isotropic liquid phase and in the solid phase 
the molecules are randomly oriented and hence was obtained. 

Evaluation of Axs 

The susceptibility anisotropy, Ax, (= Ax/p where p is the density) 
can be very accurately calculated by mass susceptibility measurements 
on a single crystal for which one has single crystal X-ray and magnetic 
data. If AX, is not known the order parameter can not be separated. 
However there are some possibilities to estimate Axg. l1 
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MAGNETIC SUSCEPTIBILITY STUDIES 467 

(a) As the molecule under consideration consists of two benzene 
rings it is considered to be equivalent (magnetically) to the biphenyl 
molecule, provided that there is no conjugation between the two 
benzene rings of the biphenyl.'* In such a case the susceptibility 
anisotropy is completely due to the delocalized electrons of the ben- 
zene rings as far as the contributions of the end and central groups 
to the magnetic susceptibility are small with respect to those of the 
benzene rings. In such a case13 the molar susceptibility anisotropy 
can be taken as 

Where M is the molecular weight. 
We have followed the extrapolation procedure of Haller14 in which 

log(S . Axg) Vs log ( - 7 )  gives a straight line in the temperature 
region T < -0.016. T is the reduced temperature, T = ( T  - Tc)/(273 
+ Tc) where T, is the nematic to isotropic liquid transition temper- 
ature. The intercepts of the extrapolated straight lines for EPAP 
Acetate are on X-axis 0.63 and on Y-axis 0.114 and for EPAP Val- 
erate on X-axis 0.34 and on Y-axis 0.054. 

The slopes and molar susceptibility anisotropies for EPAP Acetate 
and EPAP Valerate are given in Table I. The estimated molar sus- 
ceptibility anisotropy value is in good agreement with extrapolation 
procedure value for both the compounds. 

RESULTS AND DISCUSSION 

Values are calculated by using Equation (8). The diamagnetic sus- 
ceptibility xg and the quantity S * xg reflecting the temperature de- 
pendence of the order parameter S, are shown in Figures 1 and 2 
respectively for EPAP Acetate and EPAP Valerate. Figure 3 rep- 
resents the variation of log(S * Ax,) with log (-7). 

TABLE I 

The slopes and molar diamagnetic anisotropies obtained by extrapolating to 
absolute zero 

106 
Compound Slope (Cm? mol-') 

EPAP Acetate 0.1809 54.285 
EPAP Valerate 0.1588 54.308 
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468 L. V. CHOUDARY, J. V. RAO AND P. VENKATACHARYULU 

I19 125 128 131 I34 137 139 
TEMPERATURE (c!) 

FIGURE 1 Temperature variation of magnetic susceptibility, (0-0) and S . Axp 
(A-A) for EPAP Acetate. 

FIGURE 2 Temperature variation of magnetic susceptibility, (0-0) and S . A h  (A- 
A) for EPAP Valerate. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
41

 1
9 

Fe
br

ua
ry

 2
01

3 
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O.I6 ' 
0.12 - m E P A P  ACETATE 

M EPAP VALERATE 

-0.08 - 

-0.12 - 

469 

FIGURE 3 Variation of log ( S  . Axg) with log ( -  T) for EPAP Acetate and EPAP 
Valerate. 

The diamagnetic susceptibility values of EPAP Acetate and EPAP 
Valerate in the isotropic liquid phase and in the solid phase (not 
shown in Figures 1 and 2) are nearly equal and practically independent 
of temperature. With decrease of temperature the diamagnetic sus- 
ceptibility decreases abruptly at the isotropic liquid-nematic transi- 
tion and consequently S * xg undergoes sudden jump. This is due to 
the alignment of nematic director in the field direction. As the ori- 
entational order parameter (S x,) undergoes a discontinuous change 
during the isotropic liquid-nematic transition, it may be regarded as 
a first order transition. The increase in xg and S - Axg with decrease 
in temperature in the nematic phase indicate the increase of order of 
the nematic phase. 

The xg and S Axg also increase with decrease of temperature in 
the nematic phase indicating that the degree of order of the nematic 
phase increases with decreasing temperature. According to the Equa- 
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tions 8 and 10 the order parameter is calculated using the estimated 
value for the molar susceptibilty anisotropies (procedure a). The 
temperature variation of the order parameter is shown in Figures 4 
and 5 respectively for EPAP Acetate and EPAP Valerate. The order 
parameter increases with decrease of temperature in the nematic 
phase as is general in liquid crystals. -- 
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FIGURE 5 Variation of order parameter with temperature of EPAP Valerate. 
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