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T E M P E R A T U R E  D E P E N D E N C E  OF M A G N E T I C  

S U S C E P T I B I L I T Y  IN T H R E E  N E M A T I C  

L I Q U I D  C R Y S T A L S  

I .  P .  Z h u k  a n d  V.  A.  K a r o l t k  UDC 536.41:538.224:532.783 

Results a re  presented of an experimental study of temperature  dependence of magnetic 
susceptibility in the isotropic state and mesophase of nematic liquid crystals by Guits 
relat ive method. 

The change in magnetic susceptibility of nematic liquid crystals in the mesophase with temperature  
is quite significant. This occurs because of changes in the ordering of molecules which have high anisotropy. 
The relationship between A~ and molecular ordering permits determination of the degree of order  [1], which 
is one of the most important character is t ics  of nematic liquid crystals [2], and Is employed in a number of 
theories of the liquid crystal  state. At the present t ime this quantity can be determined by various methods 
[3, 4]; however, the most reliable values of degree of order  are  considered to be those obtained by experi-  
mental measurement of auisotropy in magnetic susceptibility [4]. Using A x values and the Fredericks pheno- 
menon, one can determine elastic constants, which are  of great  significance in the further development of 
continuum theory [4, 5]. 

In the present study • was measured by Gui's relative method. Analysis of the results obtained with the 
apparatus and technique described in [6] revealed that the zero position of the balance beam, and thus~ the 
distance between the coil and the suspension system magnet varies even for constant bridge unbalance. The 
cause of this is a change in the optical properties of the glass beUjar covering the scales each t ime it Is instal- 
led, together with t ime and temperature  changes in the characterist ics of the photosensors and illuminator. 
The relative e r ro r  in determination of magnetic susceptibility thus reached 2%. The major contribution to this 
e r ro r  comes from variation in the distance between coil and magnet for  repeated measurements ,  while a con- 
tribution an order  of magnitude smaller  Is produced by uncertainty in the position of the ampul between the 
electromagnet pole pieces. 

To eliminate this shortcoming, a copper calibration weight was employed. By using special equipment 
it was possible to weigh this weight before each measurement without uncovering the scale. Then by choosing 
the zero position of the balance beam at the point where the current  flowing through the coil is constant while 
the calibration weight is being weighed, we preserve  the distance between coil and magnet, and theposi t lon 
of the ampulbetweenthepolepteees is unchanged. Since changes in ampul position between the polepieces have 
an insignificant effect on measurement accuracy,  for convenience such changes may be neglected over the 
course of a single experiment (the e r r o r  then does not exceed 0.1%, while the change in distance between coil 
and magnet may be considered, if in the computation formula Instead of the current  passing through the coil 
and the proportional force acting on the specimen, we take the ratio of this current  force to the current  force 
existing during weighing of the calibration weight. Evaluation of results from measurements performed with 
the calibration weight indicate that the maximum relative e r ro r  in • determination does not exceed 0.5% and is 
produced by the e r ro r  in measurement of the force acting on the empty ampul (0.1%), on the ampul with spe- 
cimen (0.1%), and by calibration e r ro r .  

Degasifled double distilled water was used as a reference substance. Its magnetic susceptibility at 20~ 
was taken equal to 0.720-10 -7 cm3.g -1. The temperature  change of the water • agreed with the results of [7]. 
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TABLE I. Temperature Dependence of Magnetic Susceptibility and 

Anisotropy of Same for n-Amyl-cyandiphenyl 

0 
0,4 
1,0 
2,1 
3,6 
5,0 
6,1 

--X" 10s, 
cm s* g- l .  

0,584 
0,637 
0,631 
0,626 
0,622 
0,619 
0,617 

AX* I07, 
cm s.g'' 

0,71 
0,80 
0.87 
0,93 
0,98 
1,01 

7,4 
9,4 

10,9 
12,7 
13,7 
15,5 
17,4 

-X" I06, 
cm s. g-I  

0,614 
0,611 
0,609 
0,607 
0,606 
0,604 
0,603 

�9 AX. 10 7, 
�9 .. cm:l. g.l 

,05 
,10 
,13 
,16 
,17 
,20 

1,22 

TABLE 2. Tempera tu re  Dependence of Magnetic Susceptibility and 
Anisotropy of Same for MBBA 

-X *  10s, A X �9 10 7, --X *10 i A x �9 10 7, 
" cm s . g-1 cm s �9 g-I T cm 3. g'~ cm s. g.t 

0 . 
0,6 
0,9 
1,9 
5,0 
7,2 

0,646 
0,599 
0,596 
0,592 
0,583 
0,579 

0,71 
0,75 
0,81 
0,95 
1,01 

10,0 
13,2 
17,3 
21,0 
23,5 
27,0 

0,575 
0,572 
0,567 
0,564 
0,562 
0,561 

1,07 
1.11 
1,19 
1,23 
1,26 
1,28 

TABLE 3. Tempera tu re  Dependence of Magnetic Susceptibility and 
Auisotropy of Same for  EBBA 

0 
0,1 
0,7 
1,6 
2,8 
3,9 
6.1 
8.3 

11,,3 

-_x;  lOS. " 
cm �9 g-I 

0,640 
0,595 
0,589 
0,585 
0,582 
0,580 
0,576 
0,573 
0,571 

AX. 107 
crnS, g-I  

0,68 
0,77 
0,83 
0,87 
0,90 
0,96 
! ,01 
1,04 

15,5 
20,4 
27,7 
35,5 
39,6 
42,9 
48 6 
55,3 
61,0 

-X" i0 6, 
cm s. g-I 

0,567 
0,564 
0,560 
0,557 
0,555 
0,554 
0,552 
0,550 
0,548 

A x �9 107, 
cm3o~ - I  

1,10 
1,14 
1,20 
1,25 
1.28 
1,29 
1,32 
1,35 
1,38 

To calculate the magnetic susceptibil i ty of water  density data f rom [8] were used.  Results of X studies of 
butyl alcohol,  benzol,  and special  puri ty acetone at 20"C agreed within 0.2% with the resul ts  of [9-11]. 

The the rmos ta t  apparatus descr ibed previously in [6] was replaced by a glass  double-walled bath, 
through which the heat exchange liquid was pumped. Tempera tu re  was measured  to an accuracy  of 0.05*. 
The t r ansparency  of the t empera tu re  stabil ization equipment permit ted visual observations during the ex- 
per iments  (to invest igate the cha rac t e r  of the nemat ic - i so t rop ic  t ransi t ion and the co r rec tness  of the spe-  
cimen suspension).  

The ampul was filled with the mater ia l  to be studied under vacuum. A special  funnel was built for 
this purpose.  The liquid c rys ta l  compound, which has a solid phase at room t empera tu re ,  was poured into 
the funnel, and evacuated together  with the ampul in an LR-402 drying cupboard. The degasified mater ia l  
then fused and flowed f rom the funnel into the ampul.  

The mater ia l s  with melting points below room tempera tu re  were inser ted into the ampul in the meso-  
phase.  The ampul and specimen were heated to the t empera tu re  of t ransi t ion of the liquid c rys ta l  into the 
i sot ropic  s ta te  and evacuated. 

The t empera tu re  dependence of magnetic susceptibil i ty in the isotropic  state and mesophase  of three  
nematic  liquid c rys ta l s  was studied: n-amyl-cyandiphenyl ,  n-methoxybenzylidene-butalanalld (MBBA), and 
n-ethoxybenzylydene-butylanil ine (EBBA). The following values were obtained for  the nemat ic- i so t ropic  
t ransi t ion t empera tu re  {Tt): 35.6, 41, 79.8~ Experimental  resul ts  obtained for  X and AX as functions of 
r (where r = T t - T )  a re  presented in Tables 1-3. Anisotropy of the magnetic susceptibil i ty was calculated 
with the formula  

3 
a x  = y ( z  ~ - ~), 
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where XI I Is the magnetic susceptibility in the mesophase parallel to the field, and X is the susceptibility 
in the isotropic state. 

ALl materials studied were diamagnetic and their magnetic susceptibility in the isotropic state is 
practically temperature independent. The susceptibility is discontinuous upon the nematic-isotropic tran- 
sition and decreases  in absolute magnitude with further reduction in temperature.  The anisotropy of the 
susceptibility is positive, and increases with reduction in temperature ,  due to an increased degree of 
molecular ordering. 

Data are  available on the magnetic susceptibility of MBBA in [12-14]. The results of our X mea- 
surements agree with those of [13, 14]. The data presented in [12] are  4% higher than ours,  although the 
agreement is good for A X. Thus, the deviation in magnetic suscel~ibiltty is evidently due to systemic 
e r r o r  introduced in the calibration procedure in [12]. 

The experimental results  for  magnetic susceptibility in the mesophase as a function of r can also be 
represented analytically by expressions obtained empirically by the method of least squares with a com- 
puter: 

X| = (--0.653 ~- 0.02137~ ~176176 �9 l0 -e cmS'g "I (n-amyl-cyandiphenyl), 
X U ~ (-- 0.615~-0.01910x~176 I0-6 cm3"g "I (MBBA), 

X II = (-- 0'602~-0"01428~~ 10-s cmS'g "x (EBBA). 

Values calculated from these expressions deviate from experiment by no more than 0.2%. Similar 
expressions can easily be obtained for the temperature dependence of anisotropy in the magnetic suscep- 
tibility, and for a known degree of monocrystaUine anisotropy, for the degree of ordering. 
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