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MOSSBAUER SPECTROSCOPY STUDIES OF POLYACFTYLENE DOPED WITH 
SELECTEO METAL HALIOES 

z , K L I C H A R S K  I ,  M. J ~ Z E F O ~ I I C Z ,  J . SUWALSKI 
I n s t i t u t e  of  Atomic  E n e r g y  0 5 - 4 0 0  Otwock - i w i e r k  [ P o l a n d l  

A.  PROI(I*, S.  LEFRANT 
L a b o r a t o i r e  d e  P h y s i q u e  C r i s t a l l i n e  [ERA C N R S  n o  131, 
U n i v e r s i t i !  d e  N a n t e s ,  2 ,  rue d e  l a  H o u s s i n i B r e  - 
44072 N a n t e s  C6dex [ F r a n c e l  

A b s t r a c t  H i g h l y  c o n d u c t i n g  d e r i v a t i v e s  of p o l y a c e t y l e n e  
f o r m e d  i n  t h e  r e d o x  r e a c t i o n s  w i t h  FeC13, F e a r g  a n d  SnClq  
h a v e  b e e n  s t u d i e d  by M:ssbauer s p e c t r o s c o p y .  From t h e  tem- 
p e r a t u r e  d e p e n d e n c e  o f  t h e  r e c o i l - f r e e  f r a c t i o n ,  t h e  
M o s s b a u e r  l a t t i c e  t e m p e r a t u r e s  B M ,  o f  t h e  f o l l o w i n g  b i n a r y  
compounds {CH(FeCl41 I x ,  {CH[FeBrql  l x  a n d  iCHISnClgly) , ,  
w e r e  c a l c u l a t e d  a s  88K,  120K and 95K r e s p e c t i v e l y .  It h a s  
b e e n  also shown t h a t  i t  i s  p o s s i b l e  t o  s y n t h e s i z e  a t e r n a -  
r y  compound {CH[SnC151 [FeC141,}, t h r o u g h  c o n s e c u t i v e  
r e a c t i o n s  o f  ( C H I ,  w i t g  S n C l 4  a n d  FeC13. 119Sn a n d  57Fe 
M o s s b a u e r  p a r a m e t e r s  o f  t h e  t e r n a r y  compound d o  n o t  c h a n g e  
s i g n i f i c a n t l y  a s  compared  t o  t h e  o n e s  o f  t h e  c o r r e s p o n d i n g  
b i n a r y  compounds {CH"SnC151y}, a n d  {CH[FeC14)y}x i n d i c a -  
t i n g  t h a t  t h e  i n s e r t e d  s p e c i e s  o f  d i f f e r e n t  c h e m i c a l  n a -  
t u re  do n o t  i n f l u e n c e  m u t u a l l y  t h e i r  c o o r d i n a t i o n  s p h e r e s .  

INTRODLICTION 

Mossbauer s p e c t r o s c o p y  h a s  p r o v e n  t o  b e  an e x t r e m a l l y  u s e f u l  

t e c h n i q u e  i n  t h e  s t u d i e s  of low d i m e n s i o n a l  s y s t e m  c o n t a i n i n g  

M o s s b a u e r  n u c l e i .  I n  p a r t i c u l a r ,  f r o m  t h e  e x a m i n a t i o n  o f  Mossbauer 

s p e c t r o s c o p i c  d a t a  e x t r a c t e d  f r o m  t h e  e x p e r i m e n t s  c o v e r i n g  a n  

a p p r o p r i a t e  t e m p e r a t u r e  r a n g e ,  s i g n i f i c a n t  i n f o r m a t i o n  c o n c e r n i n g  

c h a r g e  t r a n s f e r ,  o x i d a t i o n  s t a t e  o f  t h e  d o p a n t  a n d  l a t t i c e  d y n a -  

m i c s  c a n  b e  g a i n e d .  

To d a t e  t h e  f o l l o w i n g  c o n d u c t i n g  d e r i v a t i v e s  o f  p o l y a c e t y l e n e  

h a v e  b e e n  s t u d i e d  by means of M o s s b a u e r  s p e c t r o s c o p y  
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134 2. KUCHARSKl n al. 

{CHIFeC141y},, (11,[21.[31 {CHIFeBrqIy), (41, {CH[131}, [51.[61, 

{CH(ShFEIy), ( 7 1 ,  {CH[SnClgIy), [81. I n  t h i s  communication we 

r e p o r t  Mffssbauer l a t t i c e  temperature, em ,measurements f o r  

{CH[FeCl.41y),, {CH[FeBr41y), and {CHISnClgIy),. I n  a d d i t i o n  we 

have s t u d i e d  t h e  p o s s i b i l i t y  o f  a t e r n a r y  compound f o r m a t i o n  

through consecu t i ve  r e a c t i o n s  o f  [CHI, w i t h  SnCl4 and FeC13. 

EXPERIMENTAL 

All r e a c t i o n s  and man ipu la t i ons  were per formed u s i n g  s tandard  

vacuum l i n e  technique o r  i n e r t  atmosphere. [CHI, f i l m  was prepa- 

r e d  by a m o d i f i c a t i o n  o f  t h e  method o f  I t o  e t  a l .  (91. The oxi- 

d a t i o n s  w i t h  FeC13 and FeBrg were c a r r i e d  ou t  a t  RT i n  n i t rome-  

thane s o l u t i o n s  o f  0.2 M and 0.3 M r e s p e c t i v e l y  whereas t h e  

o x i d a t i o n s  w i th  t i n  c h l o r i d e  were c a r r i e d  o u t  i n  t h e  s o l u t i o n  

c o n s i s t i n g  o f  10 volume p a r t s  o f  SnClq and 1 volume p a r t  o f  dry 

ni t romethane.  I n  a l l  cases t h e  samples were r e p e a t e d l y  washed 

w i t h  p u r e .  d r y  n i t romethane and t h e n  vacuum d r i e d .  

I n  t h e  p r e p a r a t i o n  o f  t h e  t e r n a r y  compound a s t r i p  o f  p o l y a -  

ce ty lene  was f i r s t  t r e a t e d  w i t h  SnC14 f o r  48 h . ,  i d e n t i c a l l y  as 

desc r ibed  above, and then  t r e a t e d  w i th  0.1 M s o l u t i o n  o f  FeC13 

f o r  5 min. The f i n a l  p roduc t  was washed w i t h  d r y  CH3N02 and t h e n  

pumped. The Missbauer s p e c t r a  were reco rded  i n  t h e  temperature 

range 4.2 - 298K u s i n g  s tandard  t r a n s m i s s i o n  geometry. The 

spec t ra  were f i t t e d  w i t h  L o r e n t z  shape l i n e s  by t h e  l e a s t  square 

method. 

RESULTS 

I n  a l l  cases s tud ied,  t h e  resonant  a b s o r p t i o n  s t r o n g l y  depended 

= f [ T 1  p l o t s  were l i n e a r  on t h e  temperature. S ince a11 l r ,  

we were a b l e  t n  c a l c u l a t e  t h e  Mgssbauer l a t t i c e  temperatures, 

€IM, f o r  a l l  t h r e e  systems. I n  t h e  c a l c u l a t i o n s ,  we have f o l l o w e d  

A(4.21 
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MOSSBAUER SPECTROSCOPY STUDIES 

Type o f  IS nm/s QS m / s  rIl2 mm/s 

nucleus 4.2K 7PK 4.2K 78K 4.2K 78K 
Missbauer 

'195, 0.524 0.494 0.612 0.532 0.927 0.825 
t.0~7 2.011 t . 0 9 3  f.021 +-.om 0.016 

57Fe 0.341 0.334 0.381 0.605 0.588 

2.018 t.026 f .046 2.019 f.036 

L 

I35 

TABLF I Mosshauer p a r a m e t e r s  of 5 7 F e  and "'Sn in ( C H I x  
doped with iron chloride, iron bromide and tin 
chloride anion. 

aZqfJ/Z I.S. dlnA/dT dIS/dT en B ' m  
Sample mn s-1 mn s-1 

I4.2K) (4.2K) 

1 .  (CHIFeCl4Iy), 0.33 tO.01 0.30 t0.03 - 1 . 2 6 ~ 1 0 - ~  - 5 . 3 5 4 ~ 1 0 - ~  104t5 8928 

2. (CHIFeBrqly~, 0.32 20.06 0.33 t0.03 120 

3. (CH[SnCl5Iy) , 0.635+0.013 0.552tO.008 - 1 . 9 8 ~ 1 0 ' ~  95*3 - 

TABLE I1 '"Sn and 57Fe Mnssbauer parameters of 
{ C H [ S n C 1 5 1 0 . 0 3 5 ( F e C 1 ~ ) o , ~ ~ ~ } ~ .  Composition 
determined from mass uptake assuminp SnCli 
and FeC14 as t h e  intercalated anions. 
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I36 2. KUCHARSia el ai. 

a procedure recommended by  Herber  e t  a l .  110). The em was ca l cu -  

l a t e d  acco rd ing  t o  t h e  fo rmu la  : 

-3  1/2 
= 3 [ M  e f f .  kdlnA/dT 

I n  t h e  case o f  {CH(FeCl.41y), we have e s t i m a t e d  M e f f .  f r om t h e  

slope o f  t h e  temperature dependence o f  t h e  i somer  s h i f t .  I n  t h e  

case o f  {CH(FeBr41y), and {CHISnC151y),. s i m i l a r  c o r r e c t i o n s  f o r  

M eff. were n o t  p o s s i b l e  due t o  low va lues  o f  IS as compared t o  

t h e  h a l f  w i d t h  o f  t h e  peaks and t h e i r  ove r lap .  The r e p o r t e d  

va lues a r e  t h e r e f o r e  o n l y  rough  es t ima tes  o f  em. Missbauer 

parameters o f  t h e  t e r n a r y  compounds a r e  c o l l e c t e d  i n  Table 2.  

S i m i l a r l y  as i n  t h e  case o f  t h e  co r respond ing  b i n a r y  compounds, 

t h e  resonant  a b s o r p t i o n  i s  s t r o n g l y  temperature dependent i n -  

c reas ing  w i t h  t h e  decrease o f  t h e  temperature. 

OISCUSSIOh AND CONCLUSIONS 

Low Mossbauer l a t t i c e  temperature, OM, i s  a g e n e r a l  f e a t u r e  i n  

i n t e r c a l a t e d  low d imensional  systems l i k e  lamrnellar compounds 

o f  g r a p h i t e  (11) o r  FeOCl (101. T h i s  l ow  v a l u e  i n d i c a t e s  loose 

pack ing  o f  t h e  i n t e r c a l a t e d  spec ies  and some degree of m o b i l i t y  

a t  temperatures c lose  t o  RT. 

The Missbauer l a t t i c e  temperatures o f  a l l  t h r e e  p o l y a c e t y -  

l ene  - meta l  h a l i d e  anions systems s t u d i e d  are  s i m i l a r  and 

s i g n i f i c a n t l y  l ower  t h a n  i n  t h e  case o f  FeC13 i n t e r c a l a t e d  g ra -  

p h i t e  whose €+, i s  164K. I t  shou ld  be p o i n t e d  o u t  t h a t  o n l y  i n  

t h e  case o f  {CHIFeCl4Iy), t h e  exac t  v a l u e  o f  

s i n c e  we were unable t o  c a l c u l a t e  t h e  c o r r e c t i o n s  f o r  M e f f  i n  

t h e  case o f  {CH(FeBr4)y), and {CHISnC1~ly),. I n  t h e  presence o f  

covalency, t h e  c o r r e c t i o n  f o r  PI e f f .  always lowers t h e  hy  

l 5 - 2 O K  so t h e  t r u e  va lues o f  

c l o s e r  t o  BPI F ~ c ~ ~ - .  I t  can be t h e r e f o r e  p o s t u l a t e d  t h a t  i n  

doped po lyace ty lene  OM does n o t  depend on t h e  i n s e r t e d  an ion  b u t  

i s  r a t h e r  governed by t h e  l i n e a r i t y  o f  po lycarbonium c a t i o n  and 

has been ob ta ined  

F ~ B ~ ~ -  and em SnCI5- are much 
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MOSSBAUER SPECTROSCOPY STUDIES 137 

i t s  low va lue  i s  determined by t h e  t w o - f o l d  c o o r d i n a t i o n  o f  ca r -  

bon atoms i n  (CHI, chains.  

The r e s u l t s  o f  t h i s  research  a l s o  prove t h a t  i t  i s  p o s s i b l e  

t o  f r o m  a t e r n a r y  compound by consecu t i ve  r e a c t i o n  o f  [CHI, w i t h  

SnCl4 and FeC13. 

Close s i m i l a r i t y  of t h e  Missbauer parameters o f  

{CH[SnCl I [FeC141Z)x w i t h  t h e  ones o f  corresponding b i n a r y  com- 

pounds {CH[SnCl5Iy), and {CH(FeC141y), i n d i c a t e  t h a t  t h e  i n s e r t e d  

species o f  d i f f e r e n t  chemical  n a t u r e  do n o t  i n f l u e n c e  m u t u a l l y  

t h e i r  c o o r d i n a t i o n  spheres. 

5 Y  
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