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Order Parameters from Magnetic 
Susceptibility Measurements on 
Some Nematogens 
M. MITRA and R. PAUL 
Department of Physics, North Bengai University, Darjeeling-734430, M i a  

(Received March 21, 1986; in final form December 18, 1986) 

The diamagnetic susceptibility of three alkoxyphenyl trans-4-alkyl cyclohexane car- 
boxylates and p-cyanophenyl trans-4-pentyl cyclohexane carboxylate are reported as 
a function of temperature in the solid, nematic and isotropic phases. Assuming that 
the molecules are effectively axially symmetric, the temperature dependence of ori- 
entational order parameter (P,) has been investigated from the anisotropy of the 
susceptibility at different temperatures. The values of (P,) agree reasonably well with 
the predictions from Maier and Saupe theory except near the clearing point where the 
values of (PJ  are lower than theoretical prediction, whereas (P,) values obtained from 
X-ray diffraction studies show good agreement with theoretical values. The possible 
cause of this discrepancy has been discussed. 

Keywords: diamagnetic anisotropy, order parameters, density, nematogens 

INTRODUCTION 

The determination of diamagnetic properties is of great importance 
in the study of liquid crysta1s.l All anisotropic properties of liquid 
crystals are related to the orientational order parameter (P2) ,  in a 
more or less complicated way. So, anisotropy of diamagnetic suscep- 
tibility, Ax,  can be used to evaluate (P2),  which is one of the fun- 
damental quantities for describing the behavior of liquid crystals. In 
addition, a knowledge of the diamagnetic anisotropy is required to 
determine the elastic constants of nematic liquid crystals from Fred- 
eriks transition and to understand the magnetic field effects.2 

The relation between the anisotropy of the magnetic susceptibility 
and the order parameters can be derived after making a few as- 
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186 M. MITRA A N D  R.  PAUL 

sump ti on^.^-^ The anisotropy of the diamagnetic susceptibility, AX, 
is given by 

where xil and xI are the diamagnetic mass susceptibility parallel and 
perpendicular to the director. In most cases Ax is positive. Since we 
can not measure xI directly, we replace eqn. (1) by the following 

- x [= 1/3(X,1 + 2xJ] being the mass susceptibility in the isotropic 
phase. 

Order parameter (P,) is expressed by 

Axo being the diamagnetic susceptibility anisotropy of completely 
ordered nematic phase. 

In this paper we are reporting our measurements of the diamagnetic 
susceptibility at different temperatures of following four nematogens: 

(I) p-methoxyphenyl trans-4-pentyl cyclohexane carboxylate, 
(11) p-propoxyphenyl trans-Cpentyl cyclohexane carboxylate, 

(111) p-ethoxyphenyl trans-4-butyl cyclohexane carboxylate, and 
(IV) p-cyanophenyl trans-bpentyl cyclohexane carboxylate. 

They have the structure shown below: 

R, -@- COO -0- R, 

I, R, = C5H11, R2 = OCH, 
11, R1 = C-jHll, R, = OC3H7 

111, R, = C,H,, R, = OC2H5 
IV, R, = C5Hll, R, = CN 

The samples were kindly donated by M/s. Hoffman-La-Roche and 
Co., Basel, Switzerland. In their catalogue the transition tempera- 

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:
37

 1
9 

Fe
br

ua
ry

 2
01

3 



DIAMAGNETIC ANISOTROPY OF NEMATOGENS 187 

tures of the compounds are as follows: 
4007°C 71”l”C 

I, Solid 43”3”c1 Nematic Isotropic 
11, Solid 36”3”cl Nematic 74”(1”c- Isotropic 

111, Solid Nematic Isotropic 
IV, Solid - Nematic - Isotropic 

All the samples were supplied to us in pure form and were used 
without further purification. 

Description of the experimental set-up 

Most of the usual methods for measuring susceptibilities consist of 
estimating the translational force on a sample placed in an inhomo- 
geneous magnetic field. Considering all these methods we have se- 
lected Curie torsion balance technique for better accuracy and sta- 
bility for our system. We have designed an electromagnetic balance 
for this purpose. Figure 1 shows the schematic diagram of the ap- 
paratus. 

It consists of a horizontal light glass balance beam A, secured in 
its place with two phosphor-bronze strips. The upper strip B is sol- 
dered to a torsion head T used for adjusting tension and orientation 
of the beam, whereas, the lower strip B’ terminates in a spring E, 
made of phosphor-bronze, secured to an adjustable holder H which 
can be moved horizontally in two directions. The torsion head is fixed 
to a brass pillar S and the holder H is fixed on a flat brass plate b 
resting on levelling screws. 

A perspex block R is attached to one end of an arm of the balance 
beam. The sample holder can be hung by a glass capillary tube from 
this perspex block. A damping vane V made of thin mica sheet, 
dipping into diffusion pump oil, fixed to the other arm of the glass 
beam effectively damps out all unwanted vibrations. To that arm of 
the beam is attached a balancing coil of 15 turns of 42 s.w.g. enamelled 
copper wire wound over a hollow perspex cylinder C and the coil is 
free to move inside a hollow magnet M with a radial field of about 
200 gauss. Here the phosphor-bronze strips serve double purpose; 
they act as suspension wire as well as electrical connection to the coil. 
A greased ground bell-jar J forms a convenient cover for the balance 
assembly. Two holes are drilled in the base plate P. In one of these 
(h,) is one porcelain sleeve, sealed vacuum tight with araldite, for 
leading wire in for the coil current. The other terminal of the coil is 
attached to the brass base plate whicb completes the circuit. The 
second aperture h,, about 3 cm. in diarneter, is fitted with a brass 
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188 M. MITRA AND R. PAUL 

FIGURE 1 Schematic diagram of the apparatus for measuring magnetic suscepti- 
bility. T-Torsion head, S-Brass pillar, B,B’-Phosphor-bronze strips, m-Mirror, A- 
Balance beam, M-Magnet, C-Coil, E-Spring, G-Glass tube, Q-Heater, K-Thermo- 
couple, P-Beaker containing calcium chloride, V-Vane, H-Adjustable platform, J- 
Bell-jar, p-Brass plate, R-Perspex block. 
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DIAMAGNETIC ANISOTROPY OF NEMATOGENS 189 

collar for fitting the glass tube extension of the experimental chamber. 
The joint of the glass tube G and brass tube is made vacuum tight 
with O-ring. The glass tube carries a heater Q of constantant wire 
(non-magnetic) fitted in a non-inductive way and a thermocouple K, 
placed close to the sample holder, through a rubber stopper tightly 
fitted to the glass tube with araldite. The sample holder, thermocou- 
ple and the heater are placed between the pole pieces of an electro- 
magnet. Inside the bell-jar a small beaker P partially filled with cal- 
cium chloride is kept to absorb atmospheric water vapour. The system 
can be evacuated to avoid instability due to convectional currents. 

The Sucksmith form of pole-pieces is adopted and the detection of 
the change in the position of the sample has been made with the help 
of a pair of matched photo cells. 

EXPERIMENTAL 

The magnetic susceptibilities have been measured by the classical 
Faraday-Curie method. The formula used in this case is given by," 

Where i(, F ,  m, p and t stand for susceptibility, force, mass, density 
and temperature respectively. Subscript 'r' and '0' stand for reference 
sample and air and to represents the temperature at which the ref- 
erence measurement has been done. 

The sample was put in a cylindrical quartz container having a vol- 
ume of nearly .1 cm3. It was hung by a glass capillary between the 
pole-pieces, the values of dH2/dx being 1.1 K.gauss2/cm approxi- 
mately. The value of dH2/dx is constant within 1% for 1 cm. length 
along x-direction. Along y and z directions dH2/dx is practically con- 
stant over sufficiently large distances. So, we assumed that in every 
case we put the samples in constant dH2/dx. The temperature of 
sample was maintained with k 0.5"C of the desired temperature by 
an automatic temperature controller (Indo-therm, India). About 30 
minutes were allowed for the sample to reach the thermal equilibrium. 
The accuracy of the measurement using this balance is about 1%. 

We used trans-Decaline ( x ,  = -.779 x 10-6cm3gm-1)7, a non- 
volatile liquid at room temperature as a reference substance. Density 
of reference sample is .869 gm/cc8. Using the magnetic susceptibility 
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190 M. MITRA AND R. PAUL 

of air ( x ,  = 106.3 x 10-6cm3gm-1 at 20°C)9, the Curie's law xo - 
1/T, the tabulated density of air,'" the necessary corrections as given 
by Eq. (1) can be calculated. Error due to influence of dissolved 
oxygen has been discussed and has been ignored by de Jeu et n1.l' 
This has been neglected by us as well. 

The force on the sample is exactly balanced by the force exerted 
on the horizontal coil, rigidly attached to the balance beam, placed 
inside a hollow permanent magnet with a uniform radial field and 
carrying a suitable electric currient i. This force, F, on the coil due 
to the uniform field is given by 

F = 21~rniH, 

where 
n = number of turns in the coil, 
r = radius of the coil, 
H = magnetic field 

In general the suspended system will experience a force even in 
the absence of any sample due to the diamagnetism of the sample 
holder. To balance this pull, we must employ an initial current i, 
through the coil. In our set up, instead of the current we measured 
voltage drop across a standard resistance of the order of 10 K. ohms 
with the help of a high precision digital voltmeter. So the final expres- 
sion for susceptibility becomes 

We tested the experimental setup by measuring the susceptibility 
of p-azoxyanisole (PAA) as a function of temperature and the values 
we got are within 1% to the values reported by de Jeu et a1.12 

RESULTS AND DISCUSSION 

The transition temperatures of the compounds as observed by us by 
using a polarising microscope with a hot stage agree well with the 
literature values during heating but during cooling we got supercooled 
nematic phase in all the samples. From X-ray diffraction studies and 
optical birefringence mea~urements'~ also we confirmed the presence 
of supercooled nematic phases. The transition temperatures reported 
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DIAMAGNETIC ANISOTROPY OF NEMATOGENS 191 

by Beens et d.14 are slightly different from our findings. The transition 
temperatures of the compounds as obtained by us are given below: 

40"7"C 71"l"C 
I, Solid . -11~5~c ' Nematic . . Isotropic 

4303°C 71"l"C 
11, Solid . 37"c Nematic . ' Isotropic 

111, Solid . -ll"C ' Nematic. ' Isotropic 
36'3°C 74"6"C 

IV, Solid 
47°C - -11°C Nematic 

78"7"C 
-A . Isotropic 

The Figure 2 shows the variation of AX with temperature of the 
four compounds. The values of densities in the nematic and isotropic 
phases are listed in Table I which also contains the results of AX of 
the compounds. Since we have no crystallographic data of the first 
three compounds we could not measure Axo from the completely 
ordered crystalline phase. Crystallographic data for the compound 
IV are available.15 But we did not try to measure Axo directly from 

O l  
'8 . 9  1'0 

T/TC + 

FIGURE 2 Variation of Ax with reduced temperature. 
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DIAMAGNETIC ANISOTROPY OF NEMATOGENS 193 

the single crystal since we do not possess a set-up for accurate de- 
termination of anisotropy in crystals. So, for all the compounds stud- 
ied the well-known extrapolation procedure due to HalleP was used 
to get the value of Axo. The values of order parameters at different 
temperatures are also tabulated in Table I .  Variation of order pa- 
rameters, of the four samples, obtained from magnetic susceptibility 
measurement and X-ray dataI3 with reduced temperature is shown 
in Figure 3. The continuous curves correspond to Maier-Saupe6J7 
mean field theory. The figure shows that near isotropic temperatures 
the experimental order parameter values are lower than the theo- 
retical values. This trend has also been observed in (P2)  values ob- 
tained from optical birefringence measurements of these mesogens. l3 

The rapid decrease in order parameter values obtained from re- 

FIGURE 3 Variation of order parameter with reduced temperature. Continuous 
curves are from Maier-Saupe theory. 
(P,) from magnetic susceptibility data: .-sample I, A-sample 11, .-sample 111, 
@-sample IV; 
( P J  from X-ray data, 0-sample I, A-sample 11, 0-sample 111, x-sample IV. 
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194 M. MITRA AND R. PAUL 

fractive index and magnetic susceptibility close to nematic isotropic 
transition temperature has been observed by many workers.18-21 This 
may be due to fluctuations of the director, which is more pronounced 
near transition temperature. In the present work, all the compounds 
have cyclohexane ring, which may vibrate more with rise of temper- 
ature and thus lower the order parameter in addition to the lowering 
effect due to aliphatic chain vibrations. However, our X-ray diffrac- 
tion measurement of these  compound^'^ shows good agreement of 
( P J  values with Maier and Saupe values. Since in X-ray studies we 
get the diffraction pattern due to neighbouring molecules, what we 
measure is essentially the short range order parameter. Whereas, in 
refractive index or magnetic susceptibility we clearly measure the 
long range order of the sample. Hence, in effect we are measuring 
two different order parameters depending upon the experimental 
method used. It is also well known that the long range order param- 
eter decreases rapidly near transition temperature T, and vanishes at 
T = T,. On the other hand, short range order is expected to decrease 
less rapidly near T, and should persist even above T,. This explains 
apparent contradiction between order parameters obtained from X- 
ray diffraction on one hand and those obtained from refractive index 
and magnetic anisotropy on the other hand. 
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