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We repor t  low temperature  Raman s c a t t e r i n g  s tudy  of 
polyiodides  i n  a series of DIPS04 ( t e t r apheny ld i -  
th iapyranyl idene) .  Iodine s p e c i e s  c o n s i s t  of 1; o r  
I; and I; ions  and a t  low temperature ,  Raman s p e c t r a  
r e v e a l  new f e a t u r e s .  A s p l i t t i n g  of t h e  s t r e t c h i n g  
v i b r a t i o n  of  t he  I; ion  i s  observed,  which depends 
on the  iod ine  concent ra t ion ,  i n  connect ion wi th  t h e  
conduc t iv i ty  va lue .  This  phenomenon can be i n t e r -  
pre ted  i n  terms of an i n t e r a c t i o n  between two I; 
ions  loca t ed  on t h e  same iod ine  column. 

INTRODUCTION 

Organic quasi-one dimensional conductors can be d iv ided  
i n t o  d i f f e r e n t  c l a s s e s ,  i n  p a r t i c u l a r  charge t r a n s f e r  
complexes and r ad ica l - ion  salts .  In  t h e  case of charge  
t r a n s f e r  complexes, both t h e  donor and acceptor  s t a c k s  
p a r t i c i p a t e  i n  t h e  e l e c t r i c a l  conduc t iv i ty .  The c lass  of 
c a t i o n  s a l t s  has  been developped more r e c e n t l y ,  oxidyzing 
T -donors wi th  halogens f o r  example. I n  t h i s  ca se ,  on ly  
donor s t a c k s  p a r t i c i p a t e  i n  t h e  conduc t iv i ty .  

The s y n t h e s i s  of po ly iodides  from DIPS@, ( t e t r a p -  
henyldithiapyranilidene) i s  performed by d i r e c t  o x i d a t i o n  
o r  by a d i sp ropor t iona t ion  method'. 

*Equipe de Recherche Associee' au  CNRS n013. 
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64/[ 18041 E. FAULQUES et al. 

Two conducting s a l t s  have been syn the t i zed  and char- 
a c t e r i z e d ” * .  

S a l t  1: DIPS@,, 2.281 0 = 250 (Q cm)-’ 

S a l t  2: DIPS@,, 3.3-3.45 I ci = 2 (Q cm)-’ 

Oxidation performed wi th  a n  excess  o f  iod ine  y i e l d s  
s a l t  2 which is an  i n s u l a t i n g  ma te r i a l :  

S a l t  - 3: DIPSO,, 61 CT = (Q  cm)-’ 

Two poly iodides  have been descr ibed  elsewhere by I s e t t  
e t  a l . 3  under the  name @4DTP( I~)oe , ,  and @+DTp(I;> 
@,DTP i s  s imi l a r  t o  DIPS@,. 

o 6  where 

CHARACTERIZATION 

The two conducting salts  (1 and 2) have been cha rac t e r i zed  
using seve ra l  d i f f e r e n t  techniques such as: X-ray d i f f r a c -  
t i on ,  X-ray d i f f u s e  s c a t t e r i n g ,  o p t i c a l  absorp t ion  ( v i s i b l e  
and IR) and Raman s c a t t e r i n g .  
powder form and t h e r e f o r e  was no t  s tud ied  i n  d e t a i l s .  It 
has been shown t h a t  salts  1 and 2 which are composed of 
green and v i o l e t  needles  r e spec t ive ly  a r e  no t  isomorphous. 
S a l t  - 1 (DIPS@,, 2.281) has  a t e t r a g o n a l  s t r u c t u r e  ( a  = 19.70 
b, c = 3.71 8)  while  sal t  2 (DIPS@,, 3.3-3.451) is  orthorom- 
b i c  (a = 31.02 8, b = 54.82 8, c = 3.70 8).  Also, i n  con- 
nec t ion  wi th  Raman experiments,  i od ine  columns composed of 
1; ions  have been de tec t ed  i n  sa l t  1 while  i n  s a l t  2, i od ine  
columns of two d i f f e r e n t  na tu re  have been seen.  The aniso-  
tropy i n  e l e c t r i c a l  conduct iv i ty  has  been measured r ecen t ly?  
In  s a l t  1, O//b/cidb (where b is the  s t ack ing  a x i s )  i s  found 

S a l t  2 w a s  only obtained i n  
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RAMAN STUDY OF POLYIODIDES [ 18051165 

t o  be  of  t h e  o r d e r  o f  103-104. 
and o / /b fcUb  i s  less t h a n  lo3. 
2.281)  t u r n s  o u t  t o  be a n  o r g a n i c  c r y s t a l  p r e s e n t i n g  good 
q u a s i  one-dimensional p r o p e r t i e s .  

( s t r e t c h i n g  v i b r a t i o n  a t  1 0 7  cm-’) i n  s a l t  1. and b o t h  1; 
and I; i o n s  i n  s a l t  2, i n  agreement w i t h  X-ray expe r imen t s .  

S a l t  2 is  less a n i s o t r o p i c  
T h e r e f o r e ,  s a l t  L (DIPS@,, 

Raman spec t roscopy  a t  77K r e v e a l e d  p r e v i o u s l y  I; i o n s  

RANAN STUDY AT LOW TEMPERATURE 

The new r e s u l t s  r e p o r t e d  h e r e  are t h o s e  o b t a i n e d  u s i n g  Raman 
s c a t t e r i n g  a t  l i q u i d  hel ium t empera tu re .  We have i n v e s t i -  
ga t ed  t h e  t h r e e  followinp, samples:  s a l t  1 (DIPS@+, 2 . 2 8  I) ,  
sa l t  2 (DIPS@,, 3.3-3.451) and s a l t  2 (DIPS@,, 6 1 ) .  Experi-  
m e n t a l  c o n d i t i o n s  have been d e s c r i b e d  p r e v i o u s l y  , e x c e p t  
t h e  c ryos t a t  which was a n  immersion one  u s i n g  e i t h e r  l i q u i d  
hel ium o r  hel ium gas as t h e  exchange f a c t o r .  Raman s p e c t r a  
have been recorded w i t h  a n  improved spectral  r e s o l u t i o n  
(1.7 cm-’ f o r  he 
S a l t  1 (DIPS@,, 3.281) 
The R&an spectrum o b t a i n e d  is shown Figure 1. 

2 

= 514.5 nm). 

F i g u r e  1 Raman spectrum a t  T = 4.2K o f  DIPS@,, 2 . 2 8  I f o r  
A = 514.5 nm. exc . 
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664 18061 

Two i n t e n s e  peaks are observed a t  105 and 112 cm-l.  
p rev ious  Raman s t u d y  a t  77K r e v e a l e d  o n l y  one peak at  107 
cm-’ a s s i g n e d  t o  t h e  s t r e t c h i n g  v i b r a t i o n  of  t h e  I- i o n 2 .  
Overtones and a d d i t i v e  frequency l i n e s  are ~ l e a r l y ~ o b s e r v -  
a b l e  a t  210, 217 and 224 cm-’ on one hand and 332 cm-’ on 
t h e  o t h e r  hand. No s i g n a l  is observed i n  t h e  s p e c t r a l  re- 
gion between 140 and 170 ern-'. 

E. FAULQUES et 01. 

The 

S a l t  2 (DIPS@,, 3.3-3.451) 

I I I 1 I I I 
-1 cm 50 150 2 50 

F i g u r e  2. Raman spectrum a t  4.2K o f  OIPSiP4,3.3 3.451 for 

)r 4 1 4 . 5  nm 
exc. 
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RAMAN STUDY OF POLYIODIDES [ 1807]/67 

I n  t h i s  case, t h e  two peaks  are obse rved  a t  107  and 112 
c m  
f i r s t  o v e r t o n e  is s t r u c t u r e l e s s .  A weak band i s  a l s o  d e t e c -  
t e d  a t  157  ern-’, a s  p r e v i o u s l y  r e p o r t e d  and a s s i g n e d  t o  Is 
i o n s  . 

-1 r e s p e c t i v e l y  showing a s p l i t t i n g  of 5 cm-’ whi le  the 

2 

S a l t  2 (DIPS@,, 61) 

1 I I I I I I I 
-1 

ClIl 
50 150 250 

F i g u r e  3 .  
514.5 nm. 

Raman spectrum a t  4.2K o f  DIPS@,, 6 1  f o r  Xexc 

The main Raman l i n e  i s  peaked a t  112 cm-’ b u t  a shou ld -  
er  is  c l e a r l y  p r e s e n t  on t h e  low f r equency  s i d e  a t  108 cm-’ 
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684 18081 E. FAULQUES ef a/. 

(a  b e t t e r  s p e c t r a l  r e s o l u t i o n  a l lows  us  t o  d i s t i n g u i s h  be- 
tween these  two peaks) .  Overtones are a l s o  observed a t  224 
and 335 cm-’. 
peaks are de tec t ed  a t  157 and 167 cm-’. 

I n  t h e  reg ion  140 - 170 cm-’, two weaker 

DISCUSSION 

The most important r e s u l t  obtained i n  t h i s  s tudy  i s  the  
s p l i t t i n g ,  a t  low temperature ,  of t h e  Raman l i n e  ass igned  t o  
the  t o t a l l y  symmetric s t r e t c h i n g  v i b r a t i o n  of  t h e  1; ion .  
The f a c t  t h a t  we observe both t h e  overtones and the  a d d i t i v e  
combination frequency peak (210, 217 and 224 cm-I  f o r  ex- 
ample f o r  s a l t  1) excludes any p o s s i b i l i t y  t h a t  two s l i g h t l y  
d i f f e r e n t  1; i ons  are present  i n  t h e  sample. Such as s p l i t -  
t i n g  comes from a breakdown i n  symmetry wi th  r e spec t  t o  t h e  
Dooh symmetry f o r  t h e  1; ion .  This  has  a l r eady  been observed 
i n  some o t h e r  s o l i d  materials such as E t , N I , ,  B u , N I ~ ~ .  Many 
reasons can be argued t o  exp la in  t h i s  phenomenon. I n  these  
p a r t i c u l a r  cases where I; ions  are loca ted  i n  columns as 
shown by X-ray experiments ,  it i s  more l i k e l y  t h a t  two 13 
ions  i n t e r a c t  t oge the r .  This i n t e r a c t i o n  can l ead  t o  a s ta-  
t a b i l i z a t i o n  of donor s t acks .  Moreover, i t  is worth n o t i n g  
t h a t  t h e  s t ronge r  t h e  i n t e r a c t i o n  (7 cm-’ f o r  DIPS@,, 2.281) 
and the  h i  her  t he  conduc t iv i ty  ( 0  = 250 (n cm)-’ and a/ / /  

i n t e r a c t i o n  i s  observed and CI = !!in cm)-’ and O///CSL= lo3. 
I n  t h e  case  of s a l t  2 (DIPS@,, 6I), an  even weaker i n t e r a c -  
t i o n  l e a d s  t o  an i n s u l a t i n g  material (U = 
It is somewhat s p e c u l a t i v e  t o  use  t h e  above c o r r e l a t i o n  i n  
case  of s a l t  3 which was not  ob ta ined  i n  a c r y s t a l l i n e  form. 
Nevertheless ,  i n  t h i s  s a l t ,  t he  i o d i n e  spec ie s  (13 and I:) 
can be arranged i n  t h e  less ordered way by comparison t o  t h e  
two o t h e r  cases. I n  f a c t ,  d i f f e r e n t  13 i o n s  are de tec t ed  i n  
Raman s c a t t e r i n g  (bands a t  157 and 167 cm-’). 
ESCA r e s u l t s 6  confirm t h e  presence of 13 i o n s  i n  h igh  con- 
c e n t r a t i o n  i n  s a l t  ?. 

I n  conclusion,  t h e  i n t e r a c t i o n  between two I- ions  
observed by Raman s c a t t e r i n g  i n  poly iodides  i n  t h z  series of 
DIPS@, seems t o  be c o r r e l a t e d  wi th  t h e  e l q c t r i c a l  conduc- 
t i v i t y .  S imi la r  s t u d i e s  on o t h e r  po ly iodides  a r e  under way. 

f 103-10 ).  For s a l t  2 (DIPS@ 3.3 - 3.451),  a weaker 

( a  cm)-’). 

Moreover, 
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