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Resul ts  of an expe r imen ta l  study a re  p re sen ted  per ta in ing  to the t e m p e r a t u r e  dependence of the 
magnet ic  suscept ibi l i ty  of th ree  different  nemat ic  liquid c r y s t a l s  and two different  mix tu re s  of 
these  c r y s t a l s ,  in e i the r  the i so t ropic  s ta te  or  in the mesophase .  F o r  the subs tances  in the 
m e s o p h a s e ,  m o r e o v e r ,  this dependence is a lso  desc r ibed  by analyt ical  exp re s s ions .  

The magnet ic  suscept ib i l i ty  of m i x t u r e s  can,  according  to WiedemanTs additive law, be e x p r e s s e d  by the 
re la t ion  

X = XtPi + X~P~ + �9 -. 4- XkPh, (1) 

where  X is the magnet ic  suscept ibi l i ty  of the mix ture  and X k are those of the components ,  with Pk denoting the 
weight f rac t ions  of the r e spec t ive  components .  This  law has  been ver i f ied  more  than once and found to b e  
exact ly  t rue for  mechan ica l  m i x t u r e s ,  accord ing  to Selwood [1], any depa r tu re s  f rom l inear i ty  being due to 
chemica l  o r  physica l  changes .  Studying the magnet ic  p r o p e r t i e s  of nemat ic  liquid c ry s t a l s  and the i r  mix tu res  
should, t he r e fo re ,  help r evea l  whether  or  not such changes have occu r red .  

Already avai lable data on the magnet ic  suscept ibi l i ty  in the i so t ropic  state and in the m e s o p h a s e s ,  on 
the assumpt ion  that the mean  magnet ic  suscept ib i l i ty  in the mesophase  is equal to the magnet ic  suscept ibi l i ty  
in the i so t rop ic  s tate  and that the molecu les  a re  s i m i l a r  in shape,  can be used for  calculat ing the anisot ropy 
of magnet ic  suscept ib i l i ty  in the mesophase  [2, 3] 

Ax = 3/2 (x  ~ - -  ~), (2) 

where  X is the magnet ic  suscept ibi l i ty  in the i so t rop ic  s tate  and XII is the magnet ic  suscept ibi l i ty  in the m e s o -  
phase  with molecu les  or iented  pa ra l l e l  to the magnet ic  field. With the anisot ropy of magnet ic  susceptibi l i ty  
(AX 0) in a single c r y s t a l  known, the degree  of o rder ing  can be calculated according  to the relat ion [2, 3] 

S ---- hX/hX0. (3) 

This  quantity is  one of the mos t  impor tan t  p a r a m e t e r s  cha rac t e r i z ing  a nemat ic  liquid c ry s t a l  and counts in 
s e v e r a l  t heo r i e s  of the l iqu id -c rys ta l  s tate [4]. 

This  study deals  with the t e m p e r a t u r e  dependence of the magnet ic  suscept ibi l i ty  in the mesophase  and in 
the i so t ropic  s ta te ,  under  considera t ion being the three  nemat ic  liquid c r y s t a l s  
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TABLE 1. Nemat ic - to - I so t rop ic  Transit ion Tempera tures  andMag- 
netic Susceptibility in the Isotropic State of the Test Substances 

I IT,mary 
S u b s t a n c ,  ZhKv-489 Z h K -  434 i Z h K -  ,i39 . 7.hK- 440 

I mixture 

_.~'. 106 cma/g, 0,6496 0,6240 0,6404 0,6287 0,6310 

The magnetic  susceptibil i ty was measured  by the relative (Gouy) method, in the test  stand and according 
to the procedure  descr ibed in ea r l i e r  repor ts  [5, 6]. Deaerated and twice-dist i l led water  served as the r e f e r -  
ence substance.  Its magnetic susceptibil i ty at 20~ was taken as equal to 0.720 �9 10 -6 cm3/g. A double-wall 
glass  beaker  with a heat c a r r i e r  fluid pumped between the walls by a thermosta t  served as the thermosta t ic  
vesse l .  The tempera ture  was checked prec i se ly  within 0.05~ The relative e r r o r  in a determination of the 
magnetic susceptibil i ty was within 0.2-0.5%. A test  tube was filled with a specimen of l iquid-crysta l  sub- 
stance under vacuum. The tempera ture  dependence of the density of the substance,  a neces sa ry  relat ion 
needed for calculation of its magnetic susceptibil i ty,  had been determined in an ea r l i e r  study [7]. 

Measurements  were made beginning at 5-10~ above the nemat ic - to - i so t rop ic  transit ion point and ending 
at room tempera ture  or  at the crysta l l izat ion point. The tempera tures  T t of transit ion f rom isotropic  to 
nematic  state and f rom nematic  to isotropic  state were then determined f rom the readings,  also visually ve r i -  
fied, and found to a lmost  agree with ea r l i e r  data [7]. The substances in this study were diamagnetic,  their  
magnetic susceptibil i ty in the isot ropic  state remaining within 0.1-0.2% independent of the tempera ture .  The 
magnitudes of the i r  magnetic susceptibil i ty in the isotropic state as well as their  nemat ic - to - i so t rop ie  t r ans i -  
tion t empera tu res  are given in Table I .  

A jump of magnetic  susceptibil i ty occurs  as these substances pass  f rom the isotropic  to the nematic 
state.  With these substances in the mesophase ,  the absolute value of their  magnetic susceptibili ty dec reases  
monotonically with decreas ing  tempera ture .  

The experimental  data on the magnetic susceptibil i ty in the mesophase have been evaluated by the leas t -  
squares  method, with the aid of a computer ,  and the following analytical express ions  have been obtained as a 
resul t :  

Xj, = (-- 0.620 + 0.0153 x ~ 284). 10 -6 cm3/g (ZhI<-489), 

X,I = (-- 0.599 + 0.0252~~ �9 10-6cm3/g (ZhK-434), 

Xjj = (-- 0.615 + 0.0154 ~o.316). 10-e cm3/g (ZhK-439), 

Xll = ( ~  0.600 + 0.0176 x ~176 10-8 cm3/g (ZhI<- 440), 

Xlt = (--0.610 -5 0.0220 ~o.271). 10-6 zm3/g (terna_w mixture) ' 

T =  T t - - T .  

The calculated values,  according to these express ions ,  do not deviate f rom measured  values by more than 0.1- 
0.2%. The extrapolated values of Xtl at z = 0 are slightly lower than those obtained by measurement  in the iso-  
tropic state,  which cor responds  to the jump of magnetic susceptibility during nemat ic - to - i so t rop ic  t rans i t ion .  
F r o m  express ion (2) are easi ly derived analogous express ions  for the anisotropy of magnetic susceptibili ty.  
Unavailability of exper imental  data on the anisotropy of magnetic susceptibili ty in single c rys ta l s  of the sub- 
s tances in this study makes  it impossible to calculate the degree of order ing.  On the bas is  of experimental  
data pertaining to compounds which do not form a mesophase [8], however,  one can assume for our substances 
here that AX 0 is the same in each case and equal to the anisotropy of one benzene r ing (60 �9 10 -6 cm3/mole).  
This value agrees  with the exper imental ly  determined anisotropy of magnetic susceptibility in a single c rys ta l  
of n-azoxyan!sole  [9]. The tempera ture  dependence of the degree of order ing,  calculated on the basis  of this 
assumption for our  test  substances here ,  is shown in Fig.  i .  As the tempera ture  dec reases ,  the degree of 
order ing  inc reases .  It inc reases  somewhat s lower in the case of ZhK-489 than for  all the other  liquid c rys ta l s .  
This could be due to differences between the respect ive end groups as well as center  groups in molecules  of 
these substances .  The degree of order ing in the t e rnary  mixture nea r  .the T t temperature  is lowest of all and 
indicates that the additive law does not apply here .  

The magnetic susceptibil i ty of the b inary  mixture and of the te rnary  mixture in the isotropic state,  cal-  
culated according to express ion (1), is ,  respect ive ly ,  - 0 . 6 2 9 5 . 1 0  -6 and - 0 . 6 3 1 9 . 1 0  -6 cmZ/g, which agrees  
closely with its experimental ly  determined values (Table 1). When calculating the magnetic susceptibility in 
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Fig. 1, Tempera tu re  dependence of 
the degree of ordering:  I) ZhK-439; 
II) ZhK-440; I]I) ZhK-434; I V ) t e r n a r y  
mixture;  V) ZhK-489. 

the mesophase according to express ion  (1), one must  use the values of X k at a definite t empera tu re ,  inasmuch 
as X k of each component var ies  with the t empera tu re .  The jumps of magnetic susceptibili ty during nemat ic -  
to- i so t ropic  transi t ion and the different transit ion t empera tu res  for each of our substances provide c lear  evi-  
dence that the additive law does not hold true in the mesophase .  Molecules of ZhK-434 and of ZhK-439 in our 
binary mixture at t empera tu res  above the transi t ion point for the lat ter  do not have an orientationa! long-range 
o rde r ,  e . g . ,  although each of the components separate ly  fo rms  a mesophase at t empera tures  slightly above the 
t ransi t ion point. The situation is analogous in the case of our te rnary  mixture .  Calculation of the magnetic 
susceptibil i ty at T = Tt -- T according to express ion (1) indicates that, as long as T > 0.2, the additive law holds 
true for  our binary mixture in the mesophase .  Consequently, the degree of order ing can then also be calcu-  
lated on the basis  of the additive law. Our t e rnary  mixture departs  f rom the additive law, the discrepancy de- 
c reas ing  with lower t empera tures  and remaining within the l imits  of experimental  e r r o r  at T > 14 (which c o r r e -  
sponds to the difference between the phase transit ion points of the mixture and of ZhK-489, respect ively) .  An 
apparent  explanation for  this can be that molecules  of ZhK-489 in the mixture at ~" < 14, although they are 
or iented by molecules  of other  components ,  are  prevented by thermal  motion f rom attaining the same degree of 
order ing  as in ZhK-489 alone at the same ~r. It thus appears  that in a mixture with the nemat ie - to - i so t rop ic  
transi t ion point below those of its components the degree of order ing  complies with the additive law. When the 
transi t ion point of the mixture is above the transi t ion point of any one of its components,  however,  then the 
additive law doe s not hold t rue.  
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