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M&iSBAuER SPbCTROSCOPY OF THE FERHOCEN3-COIVTAINIdG 
THERMOTROPIC L I Q U I D  CRYSTALS 

V.G. BEKESAEV, V.Ya. IiOCHEV and E . F .  U U H O V  
I n s t i t u t e  of Chemical Physics,  Academy of 
Sciences of the  USSH, Moscow, USSR 

Abstract 

d i subs t i t u t ed  de r iva t ives  of ferrocene (FLCn). 
Cha rac t e r i s t i c  Debye temperatures, order parameters, 
intramolecular and l a t t i c e  cont r ibu t ions  t o  t he  
nuclear v ib ra t iona l  anisotropy have been obtained 
f o r  these compounds and 7% (weight) solution FLClO 
i n  the  nematic LC H 8 .  

The 57Fe MUssbauer spectroscopy has be- 
en used t o  study the  l i q u i d  c r y s t a l l i n e  

INTRODUCTION 

Recently a g rea t  i n t e r e s t  i n  l i q u i d  c r y s t a l s  (LC), 
containing a metal atom ins ide  t h e  molecule has incre-  
ased both from fundamental po in t  of view and poss ib le  
apgl ica t ions .  Several new d i subs t i t u t ed  de r iva t ives  of  
ferrocene (F )  with mesomorphio behaviour have been syn- 
thesized '. The compounds are  a Shiff base of F and 
exh ib i t  nematic phase above 1 4 O o C ,  In t h i s  work we re-  
p o r t  t he  Mtrssbauer r e s u l t s  for some of these compounds: 
l , l ' -bis(alkyloxybensoyloxybenzylydene-p-acetyl~dra~ 
zone)ferrocene with general  formula Fe(C5t14C(CI13)=H-N 
=CHC6U4COOC6H40CnH2n+l)2, where n = 8 ,  10, 1 2  (abbre- 
v i a t e d  a s  FLCn, n = 8 ,  10, 12). 

&XPERI&-NTAL 

The s tudied so lu t ion  was prepared by dissolving 796 
(weight) FLClO i n t o  the  nematic l i q u i d  c r y s t a l  (NLC) H8. 
The sample was heated i n  vacuum t o  temperature of iso- 
t r o p i c  l i q u i d  and maintained a t  t h i s  temperature for  
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two hours. The ordered g l a s s e s  of FLCn's and prepared 
s o l u t i o n  were formed by r ap id  cooling the samples from 
KLC-phase t o  l i q u i d  n i t rogen  temperature i n  the  pres-  
ence of 0.67 T magnetic f i e l d .  The angle of alignment, 
0 ,  was def ined a s  t h e  angle  between the  prefered  d i rec-  
t i o n  determined by t h e  magnetic f i e l d  and the  gamma- 
r a y s  d i r e c t i o n  and i t  was a l t e r e d  from 0' t o  90'. 

90 - 350 K. Standard constant  a c c e l e r a t i o n  Mtlssbaucr 
spectrometer w i t h  source of 57C0(Cr) was used. 

The Mtlssbauer spec t r a  were taken over the  range of 

RLSULTS AND DISCUsSION 

The Wssbauer spec t r a  o f  t he  s tud ied  compounds were 
quadrupole doublets  of Lorentzian l i n e s  with Mussbauer 
parameters c l o s e  t o  those f o r  t he  F and i t s  de r iva t ives  . 

The Figure  1 shows the  p l o t s  of t he  logarithm of 
t h e  Mtrasbauer e f f e c t  p robab i l i t y  (f') vs temperature 
f o r  some of s tud ied  compounds. The e f f e c t i v e  Debye 
temperatures &I;, cha rac t e r i z ing  t h e  dynamics of mole- 
cu les  i n  t h e  compounds were est imated from these  depen- 

2 

4 

* 
100 T% 200 300 1, K 

Figure 1. P l o t s  of t he  I n  f" vs T f o r  poly- 
c r y s t a l l i n e  F ( a ) ,  FLClO ( b )  and 
f rozen  s o l u t i o n  F L C l O  in H8 ( c ) .  
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MOSSBAUER STUDY OF THE PERROCENE-CONTAIXING LC ' s [5691/133 

TABLE 1 C h a r a c t e r i s t i c  Debye temperatures  f o r  
d i f f e r e n t  t ypes  of LC's 

Ref e r e  nc e s 
Q; 9 K 

LC -p has e 
Sol id  Glass 

Smectic B,H 70 - 75 
Smectic A,C 60 - 6 5  
Nematic 60 - 6 2  
Chole s t e r i c  20 - 30 
Disc o t i c  52 
LC-p olymers: 
a) main c h a i n  --- 
b) mesogenic 

reg i  ons __- 
FLCn (nematic) 21 - 29 

53 - 60 
45 - 60 
40 - 50 

47 
--- 

59 

78 
21 - 29 

8 

-..It-- 

Thi s work 

dences.  The c a l c u l a t e d  va lues  of e: l i e  i n  the  range 
of 2 1  - 29 K both  for s o l i d  and glass phases of FLCn 
which a r e  cons iderably  l e s s  than  t h o s e  for F (OD = 
= 80 - t 6 K )  and d iace ty l f e r rocene  ( D U F ,  65 = 90 2 7 a3. 
It means apparent ly  t h a t  in t ramolecular  bonds i n  FLCn's 
a r e  e s s e n t i a l l y  weaker than  those  f o r  F and i t s  non- 
mesomorphic d e r i v a t i v e s .  One c4n s e e  from t h e  Table 1, 
t h a t  @\ values  f o r  FLCn's a r e  a l s o  t h e  sma l l e s t  among 
t h e  d i f f e r e n t  types  of LC's s tud ied  by Mlfssbauer spec- 
t roscogy both i n  s o l i d  and glassy LC phases.  

The va lue  of 0; obtaaned f o r  LC mat r ix  H 8  i n  t h i s  
work (05 = 45 2 3 K )  is c l o s e r  t o  t h e  t r u e  va lue  than 
one r epor t ed  i n  (8; = 39 2 2 K ) ,  where H8 has  been 
s tudied  wi th  F as Mossbauer l a b e l ,  because t h e  geome- 
t r i c a l  form of FLCn molecules is c l o s e r  t o  one of  LC 
s tud ied .  Indeed, i n  has been shown t h a t  F-lebelu a r e  
l o c a l i z e d  i n  t h e  end-chain r eg ions  of' t h e  H 8  molecules.  
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As t he  Figure 1 shows, t h e  devia t ion  of I n  f ’ ( T )  
dependence from l i n e a r  behaviour was observed above 
250 K f o r  p o l y c r y s t a l l i n e  FLCn’s For such “long-chain” 
LC-compounds t h i s  f ac t  can be explained apparent ly  due 
t o  the “defreezing“ of t h e  hydrocarbon chains  mobil i ty  
above 250 K. 

It w a s  found t h a t  o r i e n t a t i o n  of the  FLCn’s by ex- 
t e r n a l  magnetic f i e l d  r e s u l t s  i n  t he  appearance of con- 
s i d e r a b l e  l i n e s  asymmetry A of  quadrupole doublet ,  in- 
d i c a t i n g  alignment of FLCn molecules i n  the  NLC phase. 
From the  a n a l y s i s  of  angular dependences of A(@) and 
f’(8) according t o  ’ we obtained the  order parameters 
S ,  int ramolecular  Lu and l a t t i c e  EL con t r ibu t ions  t o  
the  nuc lear  v i b r a t i o n a l  an iso t ropy  f o r  s tud ied  compounds 
i n  t h e  ordered g l a s sy  &LC phases.  Table 11 compares 
these  da ta  with those f o r  some o ther  LC-system. 

TABLE I1 Parameters obtained from hlS of NLC- 
compounds o r i en ted  by magnetic f i e l d  

Label S EM EL 
+0.04 20.05 

NLC - +O .07 - 
FLC8 - 0.27 0.11 -0.04 
FLCIO - 0.21 0.04 -0.07 
H 8  FLCIO 0.36 -0.02 -0.10 
MBBA* DAJ? 0 0.15 -0.75 

SnTBC 0.05 -0.80 -0.09 
SnTBL 0.09 -0.80 -0.14 

** 
** H8 

H 8  

* - from” ; ** - from 12; SnTBC - t i n  t r i b u t y l  
capronate ; SnTBL - t i n  t r i b u t y l  l a u r i n a t e ,  

A s  follows from these  data t h e  FLCn’s a r e  well 
aligned by magnetic f i e l d  i n  the  nematic phase. The 
small  values of E, implie  t h a t  intramolecular  vibra-  
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t i o n s  a r e  i s o t r o p i c ,  which is  typ ica l  f o r  d i subs t i t u t ed  
de r iva t ives  of  F '. Previously, DAF was found not t o  
order i n  the  LC-materials "*". One can see from the 
Table II t h a t  t he  Sn-bearing l abe l s  have a poor a l ign-  
ment i n  NLC' s .  The value of S = 0.36 obtained i n  t h i s  
work  f o r  s tudied so lu t ion  i s  the  g r e a t e s t  among all 
KLC-materials investgated by the  MBssbauer spectros-  
copy, as  f a r  as we know. 

C Oiv CLUSION s 
Analysis of  t he  f '  vs T shows t h a t  E'LCn's have t h e  

weak intermolecular bonds, which r e s u l t s  i n  t h e  appea- 
rance of  t he  add i t iona l  degrees of freedom f o r  FLCn 
molecules above 250 Ei. It is shown t h a t  these compounds, 
used a s  Wssbauer l a b e l s ,  g ive  the  most adequate infor -  
mation about t h e  s t r u c t u r a l ,  dynamic and o r i e n t a t i o n a l  
p rope r t i e s  of t h e  s tudied NLC system8. 
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