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We report here the first results on the diamagnetic ani- 
sotropy AX of some thermotropic side chain polymers (polysi- 
loxanes). Kinetic effects for the bulk orientation of the ne- 
matic phase under a strong external field ( H =  15,25 lo3  Gauss) 
are observed smaller than with linear polymers. The shorter 
the flexible spacer between the mesogenic part and the back- 
bone is the stronger these effects are. Concerning the tempe- 
rature dependence, the saturated magnetic anisotropy increa- 
ses regularly with decreasing temperature in the same extent 
than for other nematic of L C  monomers or linear polymers. 

INTRODUCTION 

Recently the effect of a magnetic field on some linear 
semiflexible polymers with thermotropic nematic phase has 
been investigated through the measurement of the apparent 
diamagnetic ani~otropyl-~. This paper reports new results on 
the magnetic orientation of the nematic and smectic phases of 
side chain polysiloxanes. 

The studied polymers (Pt, and P6) were synthetized by H. 
Finkelmann et coll .4 ' 5. These are poly-methyl-siloxanes with 
phenyl benzoate side chains connected by flexible spacers 
( 4  and 6 methylene groups) to the main chain. These compounds 
have two convenient features : the degree of polymerization 
is well defined (95) and the clearing temperatures are lower 
than those of polymers with only hydrocarbon backbones. At 
last, the compound Pg presents a monotropic nematic-smectic 
transition. 
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112 M .  F. ACHARD, G .  SICAUD, F.  HARDOUIN, C. WEILL and H. FINKELMANN 

The accura te  DSC a n a l y s i s o f t h e s e  polymers as compared t o  low 
molecular weight mesogens provides  some prel iminary remarks : 

- The r a t i o  of the molar en t rop ie s  f o r  t h e  N-I t r a n s i t i o n s  

AsNI(ps) i s  c l o s e r  t o  t h e  r a t i o  of t h e  weights of t he  s i d e  
ASNI(PE,) 
group moie t ies  t han  t o  t h e  r a t i o  of t h e  weights inc luding  
the  backbone, Probably the  polymer main cha in  tends t o  
adopt a s t a t i s t i c a l  conformation i n  t h e  nematic phase while  
t he  only mesogenic s i d e  groups p a r t i c i p a t e  t o  t h e  o r i en ta -  
t i o n a l  o rde r  a t  t h e  isotropic-nematic  t r a n s i t i o n .  

- For both polymers an endotherm peak corresponding t o  t h e  
melt ing i s  observed during the  f i r s t  hea t ing  (about 330K). 
But no c r y s t a l l i z a t i o n  peak i s  observed till t h e  room tem- 
pe ra tu re  ( a t  l e a s t )  whatever t he  cool ing  r a t e  condi t ions .  
This  lack  of r e c r y s t a l l i z a t i o n  a f t e r  a f i r s t  mel t ing and 
of course without any f u r t h e r  anneal ing,  makes t h e  samples 
r e l i a b l e  with regard  t o  reproducible  s t u d i e s  of phys ica l  
mesogenic p rope r t i e s .  

EXPERIMENTAL RESULTS 

The macroscopic magnetic anisotropy i n  the  nematic phase 
i s  evaluated f romthe  measurement, i n  t h e  bulk,  of t h e  diama- 
g n e t i c  s u s c e p t i b i l i t y  i n  a d i r e c t i o n  p a r a l l e l  t o  t he  magnetic 

f i e l d  : AX = T ( x ~ $ -  x). 
For t h i s  purpose t h e  Faraday balance technique i s  used as 
previous ly  done f o r  the  l i n e a r  nematic p ~ l y m e r s l - ~ .  

- 3 

The Figure  1 presen t s  t he  evolu t ion  of AX versus  t i m e  f o r  the  
Pg a t  d i f f e r e n t  cons tan t  temperatures i n  the  nematic phase. 
The appl ied  magnetic f i e l d  i s  15,25 l o3  Gauss. 

The s a t u r a t i o n  of t he  nematic order ,  i n  t h e  bulk,  i s  r a t h e r  
r ap id ly  reached ( tS  = 5mn) when the temperature i s  c lose  t o  
the  I-N t r a n s i t i o n  (1T -TIN] = 10K). On the  o the r  hand, f a r -  
t h e r  from t h e  i s o t r o p i c  phase t h e  s a t u r a t e d  o rde r  t akes  much 
longer  time t o  be obtained ; e.g. tS  = 2 hours f o r  (T-TINI 4OK. 
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DIAMAGNETIC ANISOTROPY OF LIQUID CRYSTALS 113 

Figure 1 : Evolut ion of o r i e n t a t i o n  (apparent anisotropy 
Axapp) a s  a func t ion  of time a t  d i f f e r e n t  temperatures i n  t h e  
nematic phase of P6 (H = 15.25 l o3  Gauss). 

Though less pronounced than  with l i n e a r  polymers, an observa- 
b l e  k i n e t i c  e f f e c t  f o r  the  bulk o r i e n t a t i o n  of t h e  nematic 
phase of a s i d e  cha in  polymer i s  confirmed here .  This e f f e c t  
i s  never observed f o r  low molecular weight nematics w i th in  
the  t ime-scale of  t h e  experiment6. Following the  remark i n  
the  in t roduc t ion  it seems cons i s t en t  t o  compare t h e  magnetic 
anisotropy f o r  t h e  two polymers with regard t o  the  only meso- 
genic u n i t .  I n  Figure 2 the  temperature dependenceofthe sa tu-  
r a t e d  value of Ax i s  shown f o r  both polymers. Q u a l i t a t i v e l y  
the  r o l e  of t h e  f l e x i b l e  spacer  appears q u i t e  comparable t o  
the  r o l e  of t h e  a l i p h a t i c  t a i l  of a low molecular weight 
"free" mesogen or t o  a lesser ex ten t  t o  the  r o l e  of t he  f l e -  
x i b l e  p a r t  of a l i n e a r  nematogenic polymer. Thus, wi th  an 
increas ing  number of methylenes t h e  macroscopic magnetic 
anisotropy decreases  mainly because the  molecular anisotropy 
of t he  mesogenic u n i t  inc luding  the  a l i p h a t i c  spacer  i s  mo- 
d i f i e d .  By comparison of t h e F i g u r e  2 t o  the  da t a  f o r  low 
molecular weight nematogens (the molecular s t r u c t u r e  of which 
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114 M .  F.  ACHARD, C. SICAUD, F.  HARDOUIN, C.  WElLL and H.  FINKELMANN 
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Figure 2 : Satura ted  diamagnet ic  an iso t ropy  AXsat (normalized 
per  gram of mesogenic p a r t )  versus  t h e  reduced temperature 
f o r  PI, and P6. 

a r e  s i m i l a r  t o  the  s i d e  group of  the  polymers) it tu rns  out  
t h a t  the degree of o r i e n t a t i o n a l  o rde r  of t h e  mesogenic s i d e  
groups i n  t h e  polymers i s  c lose  t o  monomeric systems, inagree-  
merit wi th  e a r l i e r  measurements which i n d i c a t e  an order  para- 
meter only 10% smaller f o r  t he  polymers than  f o r  the  monomers'. 
However t h e  connection between these  magnetic measurements and 
an eva lua t ion  of the  o rde r  parameter i s  n o t a s  s t ra ight forward  
a s  one could expec t .  I n  p a r t i c u l a r  t h e  computation of t he  mo- 
l e c u l a r  an iso t ropy  A x n  of t h e  repea t  u n i t  would be necessary.  
Unfortunately no da ta  i s  a v a i l a b l e  t o  take  i n t o  account the  
microscopic an iso t ropy  con t r ibu t ion  of t h e  p a r t  i n  t h e  main 
chain.  In no way i t  cannot be neglec ted  i n  t h e  eva lua t ion  of 
AX,, even though w e  cons ider  t h a t  the  backbone does not  a f f e c t  
t he  nematic order  parameter a t  long d i s t ance .  

Some o the r  experimental  observa t ions  of t h e  polymer P6 a t  low 
temperature a r e  of i n t e r e s t  : 

- S t a r t i n g  from a sample i n  the  nematic s t a t e  with s a t u r a t e d  
o r i e n t a t i o n  a t  343K, t h e  magnetic f i e l d  i s  withdrawn. F i f -  
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DIAMAGNETIC ANISOTROPY OF LIQUID CRYSTALS 115 

teenhours l a t e r ,  i n  isothermal conditions, only a very weak 
disorganization (< 52)  can be detected. Thus the relaxat ion 
times are very high a t  low temperature, which has been re- 
cently specif ied from measurements of visco-elastic cons- 
tants  performed by C. Casagrande e t  c o l l .  on the same sys- 
tems'. 

O *  

- Furthermore, the o r i en ta t iona l  order i s  kept i n  the smectic 
phase without any sharp discontinuity of Ax a t  the nematic- 
smectic t r ans i t i on .  From birefringence measurements a s i m i -  
l a r  behaviour has been a l so  repotted f o r  copolymers of P6 
inducing cholester ic  phase'. These r e s u l t s  usually charac- 
t e r i ze  an uniaxial  smectic A phase but i t  i s  a lso consistent 
with a smectic C phase f o r  which the molecules remain a l i -  
gned i n  the direct ion of the magnetic f i e l d .  Let us note 
tha t  t h i s  la t ter  case i s  depicted i n  Figure 3 f o r  a L.M.W. 
compound the chemical s t ruc tu re  of which i s  closely r e l a t ed  
to  tha t  of the side group of the polymer P6. 

N sc 

I I 1 I I 

I:*- 
0.5' 

Figure  3 : Thermal va r i a t ion  of the diamagnetic anisotropy 
for  a low molecular weight model compound (without disconti-  
n u i t y  a t  the N-SC t r a n s i t i o n ) .  

Connected t o  the occurence of the b i a x i a l i t y  is  the enthal- 
py of t r a n s i t i o n  A H N s ~  f o r  t h i s  compound (= 265 mcalg") 
and i t  must be compared t o  the weak heat peak of the poly- 
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116 M. F .  ACHARD,G. SIGAUD, F.  HARDOU1N.C. WEILL and H. FINKELMANN 

mer (= 70 mcalg"). Moreover t h e  magnetic an iso t ropy  of 
t h e  s h o r t  molecule remains cons tan t  i n  t h e  smect ic  C phase 
wh i l e  it i n c r e a s e s  f u r t h e r  i n  the  smectic phase of P6 
(F ig .  2 ) .  Thus, t he  polymer behaves l i k e  a t y p i c a l  u n i a x i a l  
medium going through a nematic-smectic A t r a n s i t i o n .  Howe- 
ve r  no c h a r a c t e r i s t i c  t e x t u r e  of a smectic A phase can be 
observed by o p t i c a l  microscopy w i t h i n  a reasonable  scale of 
t i m e .  Note t h a t  t h e  c h o l e s t e r y l d e r i v a t i v e s  have been proved 
t o  e x h i b i t  a smect ic  A phase by X-ray and polarizing-micros- 
C O P Y .  

F igure  4 : Evolut ion of the  percentage of o r i e n t a t i o n  as a 
func t ion  of time i n  the  nematic phase of Pu and P6 (T-TNI=30K) 

CONCLUSION 

I n  the  v i c i n i t y  of t he  i s o t r o p i c  phase t h e  magnetic be- 
haviour  of t hese  side-chainpolymers is r a t h e r  c l o s e  t o  t h a t  
of an usua l  nematic : e s p e c i a l l y  t h e  small k i n e t i c  e f f e c t s  
of o r i e n t a t i o n  i n  t h e  bulk under a s t r o n g  e x t e r n a l  f i e l d .  
This  makes these  polymers d i f f e r e n t  from t h e  l i n e a r  nematic 
polvmers f o r  which the  times of o r i e n t a t i o n  are much higher ' .  
Onecancons ider  t h a t  an a l i p h a t i c  segment l i t t l e  con t r ibu te s  
t o  the  diamagnet ic  energy whatever t h e  compound is .  But, un- 
l i k e  t h e  s i d e  cha in  polymers t h e s e  f l e x i b l e  p a r t s  c e r t a i n l y  
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DIAMAGNETIC ANISOTROPY OF LIQUID CRYSTALS 117 

a f f e c t s  s t rong ly  the  nematic order ing  i n  t h e  l i n e a r  polymers. 
In  a d d i t i o n ,  t he  isotropic-nematic  t r a n s i t i o n  entropy f o r  P,, 
and P6 are t h e  same order  of magnitude than f o r  t h e  cor res -  
ponding monomers9 which i s  r a t h e r  d i f f e r e n t  f o r  semi-f lexible  
l i n e a r  polymers 3". 

Far ther  from t h e  i s o t r o p i c  phase,  s t rong  k i n e t i c  e f f e c t s  of 
o r i e n t a t i o n  occur i n  the  nematic phase of t h e  s i d e  chain po- 
lymers too .  The s h o r t e r  t h e  spacer  i s ,  t h e  s t ronge r  t h e  ef- 
f e c t s  a r e  (Fig.  4 )  a s  observed by C .  Casagrande e t  co l l . '  
us ing  a q u i t e  d i f f e r e n t  technique.  I n  good agreement wi th  t h e  
idea t h a t  a l a r g e  f l e x i b l e  spacer  makes the  c o r r e l a t i o n s  i n  
o r i e n t a t i o n  of mesogenic s i d e  chains  e a s i e r .  

With regard t o  t h e  thermal v a r i a t i o n ,  t h e  s a t u r a t e d  magnetic 
an iso t ropy  inc reases  r egu la r ly  wi th  decreas ing  temperature i n  
the  same ex ten t  than  f o r  an usual nematic o r  f o r  a nematic 
from a l i n e a r  polymer as well .  This  seems t o  suDport t h e  idea  
of a l a rge  u n i v e r s a l i t y  of t h e  thermal evolu t ion  of t he  order  
parameter i n  t h e  nematic phase. 

A t  l a s t ,  t h e  lack  of c r y s t a l l i z a t i o n  (except annealing) f o r  
these  systems keeps t h e  mesogenic o r i e n t a t i o n  a t  temperatures 
below the  g l a s s  t r a n s i t i o n .  This r e s u l t  has been previous ly  
reported f o r  some l i n e a r  p o l  mers groviding i n  t h i s  case an 
o r i en ta t ed  f i b e r  i n  the  bulk Y,11 ,1  
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