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A PluSSBAUER TEMPERATURE STUDY OF 1 , l  ' - D I A C E T Y L F E R R O -  
C E N E  Iri A COLD SMECTIC c LIQUID CRYSTAL 

D A V I D  L. UHRICH and R O B E R T  P. FIARAPIDE 
Physics Department and Liquid Crystal I n s t i t u t e  
Kent S ta t e  University 
Kent, Ohio 44242 U.S.A. 

The Fe-57 FGssbauer e f f e c t  ( M E )  was used t o  study a 
solut ion (0.29: by weight) of 1 , l  I-diacetylferrocene 
( D A F )  i n  the l iqu id  c r y s t a l l i n e  material 4-n-pentyl- 
phenyl-4' -n-tieptyl oxythiobenzoate (795). 
meters were determined f o r  t he  temperature range 
110-3OOK in  the  c r y s t a l l i n e  so l id  phase a n d  110-240K 
in  the cold smectic C phase o f  7 S 5 .  Here "cold" 
mans  the  smectic g lass  a n d  the  supercooled smectic 
phase. The I n  reco i l - f ree  in t ens i ty  ( f )  ~s T data  
exhibited l i n e a r  Debye behavior f o r  the  sol id  phase 
over t he  e n t i r e  temperature range. The low tempera- 
t u re  (T<215) portion of t he  cold smectic I n  f ~s T 
d a t a  a l so  exhibited Pebyc behavior, and  the  smectic 
g lass  gave a Wissbauer-Debye temperature ( 0 L C )  about 
1 O K  lower t h a n  t he  c r y s t a l l i n e  phase. The smectic 
g lass  - supercooled smectic t r ans i t i on  was deternined 
t o  be Tg = 215K from the  deviation o f  t he  I n  f vr, T 
data from l i n e a r  behevior. Above T g ,  t he  deviation 
from l i n e a r  Debye behavior followed a (T-T,)2 depen- 
dence. The intermolecular contr ibut ion t o  the vibra- 
t ional  e l l i p so id  ( E L )  declined l i nea r ly  with increas- 
ing temperature below T q .  
yielded an order parameter of S = 0.12 f o r  the DAF 
molecules ' a t  1lOK. Rotational a n d  t rans la t iona l  
d i f fus ion  were not observed f o r  t he  cold smectic C 
phase. 

The WE para-  

The smectic C g lass  
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I72 D .  L. UHRICH AND R. P. MARANDE 

1 .  IPITRODUCTION 

Fltlssbauer Effect ( M E )  measurements were obtained from a 
0.24: (by weight) solut ion of 1 , l  ' -diacetylferrocene ( D A F )  
in  4-n-pentyl phenyl-4'-n-heptyl oxythiobenzoate (7~5). The 
measurements spanned the  temperature range of 110-300K f o r  
DAF in  the c r y s t a l l i n e  so l id  phase o f  7s5 and 110-240K f o r  
D A F  in  t he  cold l iqu id  c rys t a l .  The cold l iqu id  crystal  
encompasses both the  smectic C l i qu id  c r y s t a l l i n e  g lass  
and the  supercooled smectic C l iqu id  c r y s t a l l i n e  phase. 
I t  i s  well known t h a t  only the  lowest temperature l iqu id  
c r y s t a l l i n e  phase of a given l iqu id  c r y s t a l l i n e  material 

For 7S5 the  lowest temperature cold l iqu id  c rys ta l -  
l i n e  phase i s  a smectic C ,  t he  molecular centers  o f  grav- 
i t y  form a layered s t ruc tu re  in which the re  i s  no t rans-  
l a t iona l  order within the  layers  and  the  long molecular 
axes are t i l t e d  with respect t o  the  planar normals. 
smectic C phase i s  a l so  op t i ca l ly  biaxial  . The 7 S 5  
l iqu id  c r y s t a l l i n e  material  has  t he  following t rans i t ions :  

wil l  supercool and form a g l a s s  192 . 

This 
3 

Solid => rlematic <=> I so t ropic  Liquid 

T h e  ME spectrometer, the sample preparation and aliqn- 
ment, and  the  data  ana lys i s  a r e  discussed in the following 
sect ions.  

2. EXPERIMEVTAL 

A standard constant accelerat ion spectrometer was employed 
t o  procure the  Flossbauer data.  A 30mCi source o f  Co-57 on 
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A MOSSBAUER TEMPERATURE STUDY 173 

a Rhodium matrix served as the  ME source a n d  i t  was pur-  
chased from AmershamISearle. 

The ME sample was prepared by dissolving 0.2% (by 
\!eight) DAF (Fe-enriched t o  ~ 5 0 %  Fe-57) in to  the l iquid 
c r y s t a l l i n e  material (TS5). The  sample was heated in  
vacuum t o  8-10K above the  nematic-isotropic l iquid t rans i -  
t i on  and maintained a t  t h i s  temperature f o r  a period of 
20 hours. The in t eg r i ty  of the  resu l t ing  solution was 
checked by both microscopic observation and X-ray analysis.  

The aligned glass  was formed by cooling the disc- 
shaped sample (l.Ocm dian. x 0.3cm th ick)  from the  iso- 
t rop ic  phase t o  1 t o  2 Kelvins below the isotropic-nematic 
t r ans i t i on  in  the  presence of a 9 K G  magnetic f ie ld .  After 
holding t h i s  temperature f o r  ~ 3 0  min i t  was cooled t o  the 
ME run temperature a t  a n  average r a t e  of 17Klnin. 
temperature was control led t o  Lfl.5K f o r  the e n t i r e  per iod  
of t he  ME exper iwnt  . The ali5nrnnent anglp 9 i s  &fine6 
as the  angle bet\,een the preferred direct ion as deternined 
by the  magnetic f i e l d  and the gamma ray direct ion which i s  
coincident with the  normal t o  the  sample disc.  Here, 
"unoriented" re fers  t o  cooling the sample in  the absence 
of a n  a l igning magnetic f i e ld .  I n  the  unoriented sample 
the molecules experienced alignment, however, due t o  the 
surfaces  of the  sample container.  

l iqu id  c rys t a l l i ne  g lass  from the  c rys ta l  phase. A t  a 
given temperature, the recoi l - f ree  in tens i ty  ( f )  o f  the  
cold smectic C was s igni f icant ly  l e s s  t h a n  f f o r  the 
c r y s t a l l i n e  phase. Also, the magnitude of the  quadrupole 
s p l i t t i n g  ( A E  ) a t  a given temperature depended on the 
s t a t e  of the  system. 

T h P  

4 

Two M'dssbauer parameters distinguished the cold 

rl 
Since f and A E n  are d i f fe ren t  fo r  
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I74 D.  L. UHRICH AND R. P. MARANDE 

t he  two s t a t e s ;  c rys t a l l i za t ion  could be monitored during 
the FIE run by noting whether f and A E ~  changed w i t h  time. 

The supercooled smectic C phase of i s 5  exhibited 
pa r t i cu la r ly  d i f f i c u l t  behavior a t  high temperatures. 
example, a t  230K c r y s t a l l i z a t i o n  occurred within f i f t e e n  
minutes a f t e r  the  sample was prepared f o r  t he  ME r u n .  
T > 240K 7S5 c rys t a l l i zed  so f a s t  t h a t  ME measurements in  
the  cold snec t ic  C were impossible t o  obtain,  even though 
the  s e n s i t i v i t y  l imi t s  of the ME spectrometer had not been 
reached. A t  temperatures where c rys ta l  1 i za t ion  occurred 
(215 <-> 240K), several individual spectra  from separate  
runs were added together  t o  form a composite spectrum. 
For  each component of t he  composite spectrum, the sample 
was heated t o  the  i so t ropic  a n d  cooled t o  the  ME r u n  
temperature according t o  the procedure previously des- 
cr ibed,  and t he  d a t a  were col lected over a time period 
t h a t  eras l e s s  t h a n  t he  c rys t a l l i za t ion  time. 

The FIE spectra  were f i t  with two Lorentzian l ine-  
shapes usinn a RUrrOuqhS 6801) computer. 
t he  quadrupole s p l i t  doublet (An lAa) ,  f ,  AE", the  l ine-  
width ( r ) ,  and the chemical s h i f t  ( 6 )  were a l l  obtained 
from the  computer f i t s  t o  the  data. 

For  

For 

The area r a t i o  o f  

3. RESULTS AND DISCUSSION 

3.1 Recoi 1-free In tens i ty  

3.1.1 PBssbauer-Debye Temperature (e,) 

Four p lo t s  of I n  f 5 T data  f o r  7 S 5  are presented i n  
Figures 1 and 2. The four experimental s i t ua t ions  pre- 
sented a re  as follows: t he  c r y s t a l l i n e  so l id ,  unoriented 
cold l iqu id  c r y s t a l ,  and the  cold l iqu id  crystal  oriented 
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175 A MOSSBAUER TEMPERATURE STUDY 

n a 

3 
W 

< 
U 

a 
W 
11 a 3.0- 

t z 4.0- 

E 
d 3.5- 
v 
h 

v 

5 

2.5-- TG 
214  

, I I I I I I I 

110 140 170  200 230 260 290  

TEMPERATURE (K) 

FIGURE 1 

Plot of the I n  f 
l i ne  7 5 5  and the cold smectic C of 7S5 which was 
oriented a t  9 = 0' in 9KG. 
for T < Tg fo r  the cold smectic C ,  the solid l ine 
represents a f i t  of E q .  ( 2 )  t o  the d a t a .  
in the cold smectic C ,  the solid l i ne  i s  a f i t  o f  

E q .  ( 4 )  t o  the d a t a .  

T d a t a  for  DAF in both crystal- 

For the c r y s t a l  and 

For T > Tg 
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TEMPERATURE ( K )  

FIGURE 2 

Plot  of t he  I n  f T data f o r  D A F  in  t he  cold 
srnectic C of 7% f o r  both the  unoriented sample 
and f o r  the  sample or iented with e = 90' i n  9Kg. 
For T < Ta, the  so l id  l i n e s  represent  t he  best  f i t  
of Eq. ( 2 )  t o  the data.  For T > Tg  t he  so l id  l i n e  
corresponds t o  the  best  f i t  of Eq. ( 4 )  t o  the  
d a t a .  
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A MOSSBAUER TEMPERATURE STUDY 177 

a t  O0 and 90'. 

dependence for  the ent i re  temperature range (11O-3OOK), 
a n d  i t  i s  in accord with the expectations o f  the Debye 
model of a solid . 

The crystal d a t a  show a l inear temperature 

5 

The expression for f is :  

2 2  I n  f = -k  <x  >, 

2 where k i s  the gamma ray wave vector a n d  < x  > i s  the mean 
square vibrational displacement of the Mssbauer nucleus 
a l o n g  k .  
Debye model is:  

I n  the high temperature l imit ,  the result of the 

2 -3E, T 
I n  f = T L A,, ( 2 )  

here E, i s  the energy o f  the gamma r ay ,  T i s  the sample 
temperature, 11 i s  the mass of the vibrating unit ,  k R  i s  
Bol t zmann '  s constant and g L  i s  the M;ssbauer-Debye tempera- 
ture  for the material. To obtain the MBssbauer-Debye 
temperature for the host  (gLC)  (e i ther  the liquid crystal- 
l i ne  solid or the smectic C glass) one must rise the expres- 
sion 5 

11 1 I2 ( probe 1 P L ) ,  e =  
LC I1LC 

here IV'probe/PILC i s  the r a t io  o f  mass of the probe mole- 
cule t o  the mass of the host molecule. 

For the cold smectic C there i s  a deviation from the 
l inear  behavior described by E q .  ( 2 ) .  The temperature a t  
which t h i s  deviation from linear behavior begins i s  taken 
t o  be the glass transit ion temperature. The increased 
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178 D. L. UHRICH AND R. P MARANDE 

2 <x  > i s  a t t r i bu ted  t o  an increase in  the  vibrational 
degrees of freedom as  the system enters  the  supercooled 
1 iquid s t a t e .  

from the l i n e a r  regions of the  I n  f s  T d a t a .  
each glass  or ien ta t ion  i s  l e s s  t h a n  the  e obtained f o r  
t h e  corresponding c rys t a l l i ne  phase. 
t h a t  the g lass  i s  l e s s  r ig id  than the crys ta l  i s ,  there- 
fo re ,  confirmed. 

Table I l i s t s  the  Debye temperatures as obtained 
eLc  f o r  

L C  
The expectation 

Table I 
Plijssbaiier-Debye temperatures obtained from a best 1 i near 

f i t  of I n  f fi T data  f o r  7S5. 
~ 

Orientation 
Crystal Liquid Crystal 1 ine  G1 ass  ?" - 90' llnoriented 

- 
65.4 7S5 Smectic C ( T  < 210K) 58.5 55.6 59.4 
74.7 R R O A  Smcctic R ( T  < 175K) 40 48 52 

The aligned smectic C has the  following s t ructure .  
The l inuid c rys ta l  molecules a re  aligned i n  a d i s t r ibu-  
t i on  about the maynetic f i e l d  d i rec t ion .  As a r e s u l t ,  
t he  s w c t i c  planes a re  t i l t e d  with a random azimuthal 
d i s t r ibu t ion  of the  planar normals about the aligning 
magnetic f i e l d  direction6-8. 
f o r  several subst i tuted ferrocene der ivat ives  have shown 

Previous ME o r ien ta t ion  d a t a  

t h a t  t he  DAF molecule res ides  in  the  end- 
the  l iqu id  c rys t a l l i ne  material 

Of in t e re s t  i s  the comparison of the  
smectic C $ l a s s  t o  those of the  smectic R 

(4-n-butoxybenzyl idene-4' - n '  -0cty1 ani 1 ine  

4,9,10 
hain region of 

eLC's  fo r  i s 5  
g lass  of RROA 
l o .  Table I 
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A MOSSBAUER TEMPERATURE s T u m  179 

shows t h a t  the eLc for crystal RBOA i s  greater than  the 
for crystal 7S5  (74.7K > 65.410 indicating a larger 

force constant between the D A F  and RROA t h a n  betkieen D A F  

and TS5. 
i s  n o t  so easily done. 

glass of i s 5  a n d  also those f o r  D A F  in t h e  smectic R 
glass of BBOA. 

by LaPrice and Uhrich . The original values were found  
t o  be i n  error because of competition between surface 
( i n  BBOA the molecules t e n d  t o  line up parallel t o  the 
surface g y ’ l  ,”) and magnetic field alignment. 
faces (Figure 3) of the samples used by LaPrice and 

eL c 

Comparison of the eLC values for the glass phase 

Table I gives the eLc values for D A F  in the smectic C 

The RBOA values differ from those reported 
in 

The curved 

a. b.  

FIGURE 3 

a )  Sample geometry used i n  the LaPrice and Uhrich 

b )  Sample geometry used i n  this  experiment. Note 
experiment 

the parallel sides. 
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180 D. L. UHRICH AND R .  P. MARANDE 

Uhrich'O have l a r g e r  s u r f a c e  t o  volume r a t i o s  than t h e  

f l a t - s i d e d  sanples o f  t h i s  r e p o r t .  The r e s u l t i n g  mis- 

a l ignment  caused by t h e  curved su r faces  13'14 a f f e c t e d  t h e  

s l o p e  of t h e  o r i g i n a l l y  r e p o r t e d  I n  f 
i n  RRQA. 

mol ecu l  es f e r r o c e n y l - 4 '  -methoxyani 1 i ne (FMA) and f e r r o -  

centyl-4'-n-hutylaniline (FRA) f o r  b o t h  t h e  f l a t - s i d e d  

and curved-s ided sample h o l d e r s  Varande14 was a b l e  t o  

o b t a i n  a c o r r e c t i o n  f a c t o r  f o r  t h e  9 va lues  f o r  DAF i n  

RROA. Those c o r r e c t e d  va lues  a r e  r e p o r t e d  i n  Table I .  

s n e c t i c  B o f  RROA and f o r  DAF i n  t h e  smect ic  C o f  7 S 5  
y i e l d s  a r e l a t i v e l y  l a r g e  d i f f e r e n c e  i n  (~20'K) i n  t h e  

e Lc. 
i n  t h e  s n e c t i c  R phase o f  RROA a t  9 = no exper iences a 

n e a t  s tack  o f  l a y e r s .  

7S5 a t  9 = Oo exper iences  a v a r i e t y  o f  d i f f e r e n t  l a y e r  

c o n f i q u r a t i o n s  due t o  t h e  smect ic  C t i lt angle. The ti lt 

a l s o  a f f e c t s  t h e  0 = 90' comparison and e x p l a i n s  t h e  near 

i s o t r o p y  o f  OLC f o r  DAF i n  t h e  srnectic C g l a s s  o f  TS5. 
Glass T r a n s i t i o n  Temperature (T  ) 

The g l a s s  t r a n s i t i o n  tempera ture  i s  t aken  t o  be t h e  tem- 

p e r a t l i r e  where t h e  I n  f T p l o t  s t a r t s  t o  d e v i a t e  f rom 

Debye- l i ke  hchav io r .  T h i s  non-Debye behav io r  i s  associa- 

t e d  w i t h  an i nc rease  i n  t h e  number o f  v i b r a t i o n a l  re laxa -  

t i o n s  which r e s u l t  f rom t h e  i nc rease  i n  f r e e  volume and 

c o n f i g u r a t i o n a l  en t ropy  a t  t h i s  temperature.  

Tab le  I1 l i s t s  t h e  va lues  o f  T ob ta ined  f o r  t h e  

o r i e n t e d  and unor ien ted  smect ic C g lass .  Note t h a t  T 

i n  7s5  i s  e s s e n t i a l l y  independent o f  o r i e n t a t i o n .  

T p l o t s  f o r  DAF 

Ry comparing t h e  e L C  va lues  f o r  t h e  probe 

I- c 

The comparison o f  t h e  0 = 0' va lues  f o r  DAF i n  t h e  

T h i s  comparison i s  u n f a i r ,  however, because t h e  DAF 

The DRF i n  t h e  smect ic C phase o f  
- 

3.1.2 

9 

g 
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Table I 1  

Glass t r ans i t i on  temperature fo r  is. 
The uni t s  a re  Kelvins ( K ) .  

Liquid Crystal Orientation 

- 
7s5 unoriented 

7s5 oo 
7s5 Boo 

- 

- 

T 
Ll 
210 

21 4 

215 

T ~,ras drtcrnined bv f i t t i n g  the I n  f 5 T d a t a  t o  
? 

t he  followinr equation: 

I n  f = aT + b ( T - T c ) 2  + c (4) 
d 

\rhcrc a , b  a n d  c a re  constants and  a was detpminpd from 
the  l i n t a r  portion of the  curve. R u b y ,  Zabransky a n d  

F1 inn f i r s t  proposed the  (T-To)  dependence f o r  i so t ropic  
They a t t r ibu ted  t h i s  dependence t o  a s h i f t  g1 asses 

of the  npbye-like vibrational modes t o  lower energy a t  the  
g lass  t r ans i t i on ;  t h a t  i s  one can think of the  l a t t i c e  as 
"softening" a t  T . 

2 

. 15,lF; 

9 
3.1.3. Vibrational Anisotropy ( E ,  ) 

~~~ 

From Fiqures 1 and  2 i t  can be seen t h a t  i S s 5  does exhibi t  
?n anisotropic  f. For the  case when t h e  intranolecirlar 
contr ibut ion t o  the  vibrational anisotropy i s  small and  
t h c  or ientat ional  order parameter i s  small, the  anqular 

9 depcndrnce of f i s  givm bv D
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2 2 
= K ( < X  '> -<X  > ) i s  the  intermolecular contribution 

EL I I L  1 L  
t o  the  nuclear vibrat ional  e l  1 ipsoid.  
contr ibut ion t o  the  nuclear vibrat ional  anisotropy, E ~ ,  

i s  s imi la r ly  defined. 
the temperature dependence of E~ f o r  DAF i n  7S5, and from 

The intramolecular 

4 For O A F  E~ = 0.15 . Figure 4 shows 

-0.1 t- -0.1 - 

-0.2 - 

I I 1 

110 150 210 

TEMPERATURE (K) TEMPERATURE (K) 

FIGURE 4 

T h e  intermolecular contr ibut ion t o  the vibrat ion 
anisotropy ( cL )  for  OAF in  t h e  smectic C g lass  of 7 S 5  
i s  plot ted a s  a function of temperature. 
r e s u l t s  from the  d i f fe rence  in  the l i n e a r  leas t -  
squares f i t s  t o  the  I n  f = T data  f o r  0 = 0' a n d  
0 = goo.  

The plot  D
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A MOSSBAUER TEMPERATURE STUDY 

Eqs. ( 2 )  and  (5)  i t  i s  ea s i ly  shown t h a t  Figure 
the  expected behavior o f  E,- f o r  mater ia ls  which 
described by a n  anisotropic  Dehye temperature. 

183 

4 exhib i t s  
a re 

3.2 In tens i ty  Ratio of the  Quadrupole S p l i t  Lines 

To obtain the glass  phase, the  DAF-liquid crystal  system 
must be rapidly cooled z17K/min. Any molecular ordering 
of the  DAF hy the l iqu id  c rys t a l l i ne  host i s  preserved by 
the  rapid cooling technique. 

The TI and u t r ans i t i on  probabi l i t i es  depend on 0 and 
i f  t he re  i s  any or ientat ional  alignment, a n  asynmetric 
absorption resu l t s .  
( A T I / A u )  of the  TI a n d  u t r ans i t i ons  of Fe-57 quadrupole 
s p l i t  doublet versus temperature. One can see a small 
difference between the  three  or ien ta t ions  ( O O ,  90°, 

unoriented).  T h a t  i s  t o  s a y  Ar/Au = 1 f o r  n o ,  ATI/AU = 

1.18 f o r  9 0 O  a n d  An/Au = 1.07 f o r  unoriented. Conse- 
quently,  the  DAF molecules a re  or ien ta t iona l ly  ordered 
a t  each of the tenperature points in  the  range of 100 t o  
21 5K. 

Previously,  DRF was found n o t  t o  order in  l iquid 
c r y s t a l l i n e  mater ia ls4’ ln .  Figure 6 shows t h a t  Aa/Au 

versus 0 a t  the  temperatiire of ll0K. The theoret ical  
expression f o r  the  0-dependence of Aa/Au f o r  D A F  f o r  small 
E i s  a s  follows: 

Figure 5 shows the in tens i ty  r a t i o  

17 
,-I 

8-(3cosLe - 1)s  
2 8 + ( 3 c o ~  e - 1 ) s  

Aa/Ao(e) = 

9 where S i s  t he  or ientat ional  order parameter . The 
so l id  l i n e  in  F i y r e  6 i s  the  best  f i t  o f  Eq. ( 6 )  t o  the 
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1.1- 

1 .o- 

0.9 

0 
t- a 
[1: 

a 
w 
E 
a 

- 

- 

A 

0 

h 

0 

a 

0 

i5 

0 

A 

0 

A 

0 

A 

0 

110 150 2 1 0  

TEMPERATURE (K) 

F I G U R E  5 

The intensity ratios (Ar /Ao)  are plotted versus 
temperature for the cold srnectic C of 7S5. The 
points a t  a given temperature represent averages 
of three or  more runs. 
and 0 = 90' (0 )  d a t a  are a l l  presented. 

Unoriented ( A ) ,  0 = Oo (0), 
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0 15 30 45  60 7 5  90 

ORIENTATION ANGLE 

FIGURE 6 

Plot  o f  t he  area r a t i o  (AnlAu)  versus (3 f o r  DAF 
in t he  cold smectic C g l a s s  phase of TS5. 
d a t a  were a l l  recorded a t  ll0K ( s e e  Ref. 1 4 ) .  

The 

d a t a .  
0.12 a t  llOK. 
the  f a c t  t h a t  the D A F  res ides  in  the  disordered t a i l  
regions of t h e  l iqu id  c r y s t a l l i n e  molecules. 
l i n e  broadening nor quadrupole re laxat ion was observed 
f o r  D A F  in  the cold smectic C of 7s5. T h u s ,  rotat ional  
and t rans la t iona l  d i f fus ion  were n o t  observable f o r  t he  

The r e su l t i ng  order parameter f o r  D A F  in  7S5  i s  
The low order parameter i s  a t t r ibu ted  t o  

P!either 

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:
19

 2
0 

Fe
br

ua
ry

 2
01

3 



I 86 D. L.  UHRICH AND R. P. MARANDE 

t i m e  sca le  o f  Fe-57 spectroscopy. 

3. CONCLUSIONS 

The area r a t i o  da ta  show t h a t  t h e  7% hos t  ordered t h e  

DAF s o l u t e  molecules t o  a smal l  ex ten t .  The I n  f vs T 

da ta  d e v i a t e  f rom Dehye- l i ke  behav io r  v i a  a (T-T ) 
dependence which i l l u s t r a t e s  a s t r u c t u r a l  r e l a x a t i o n  which 

can be assoc ia ted  w i t h  a g lass  t r a n s i t i o n  temperature. 

2 
9 

F i n a l l y ,  t h e  smect ic C g l a s s  o f  TS5 has a lower  

MBssbauer-Debye temperature than  t h e  c r y s t a l l i n e  phase 

showing tha t  t h e  g lassy  phase i s  less r i g i d .  Fu r the r ,  

t h e  smect ic C g l a s s  e x h i b i t s  a smal l  a n i s o t r o p i c  M'iss- 

bauer-Dcbye temperature showinq t h a t  thr !  0 = 0' o r i e n t a -  

t i o n  i s  t h e  most r i g i d .  
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