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ORDER-DISORDER PHASE TRANSITION I N  A TRIIODIDE CHAIN 
COMPOUND : DIPS$4 (13)o .76  

P.A. ALBOW and J . P .  POUGET 
UniversitG Paris-Sud, Bht. 510, 9 1 4 0 5  ORSAY, FF.ANCE 

H .  STRZELECKA 
Groupe de Recherche 12-CNRS, 9 4 3 2 0  THIAIS, FRANCE 

Abst rac t  The o r d e r i n g  process  of t r i i o d i d e  c h a i n s  i n  t h e  or- 
ganic  conductor  DIPS$4 ( I  ) 
s c a t t e r i n g .  

h a s  been s t u d i e d  by X r a y  3 0 . 7 6  

STRUCTURE OF THE COWOUND 

D I P S $ I ~ ( I ~ ) ~ . ~ ~  i s  an organic  conductor  belonging t o  t h e  r a d i c a l - i o n  

family’ .  I t  i s  grown by t h e  d i r e c t  oxydat ion of DIPS$4 molecules by 

i o d i n e  i n  a s o l v e n t .  

DIPS$4 columns 

f i l l e d  wi th  1; 

C r y s t a l  system 

Space group 

Unit c e l l  a 

C 

runninp along t h e  c-axis  d e l i m i t  p a r a l l e l  channels  

anions ( see  below). 

: t e t r a p o n a l  

: P 4x2 

: 19.74  A 

: 3.721 A 

0 

0 

FIGURE I .  P r o j e c t i o n  of t h e  s t r u c t u r e  a lonp  t h e  c a x i s 2  

STRUCTURE OF THE TRIIODIDE CHAINS AT ROON TEMPEPATUPE 

A t  room temperature  X ray  photographs r e v e a l  i n t e n s e  d i f f u s e  l i n e s  

perpendicular  t o  the  c a x i s 3  . I t  has  been shown t h a t  t h e s e  l i n e s  

28 I 
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202 P. A. ALBOUY, 1. P. POUGET AND H. STRZELECKA 

were due t o  the  d i s o r d e r e d  t r i i o d i d e  channels .  Furthermore they 

u r e s e n t  only smal l  modulat ions,  showing t h a t  t h e  d i f r e r e n t  I- 3 
cha ins  are very weakly c o r r e l a t e d 3 .  F i g .  2-a r e p r e s e n t s  a micro- 

dens i tometer  scan  of a nhotopranh a long  t h e  c-axis ( 1  index) .  We 

s e e  w e l l  def ined  peaks which broaden as l 2  w i t h  i n c r e a s i n g  l i n e  

index 1 .  This  broadening can be viewed as r e s u l t i n g  from 1D l i q u i d  

f l u c t u a t i o n s ;  t h i s  i s  a l s o  encountered i n  o t h e r  t r i i o d i d e  com- 

pounds4. A model i n  which t h e  i n t e r a c t i o n s  between I; u n i t s  i n  a 

channel a r e  assumed t o  be harmonic and between f i r s t  neighbours  

has  been ~ s e d ~ - ~ .  As can be s e e n  on Fig.2-b, i t  accounts  r e l a t i -  

v e l y  w e l l  f o r  t h e  observed i n t e n s i t y .  The a d d i t i o n a l  l i n e s  

(arrows) have been i n t e r p r e t e d  as a modulation of t h e  I; chains  
J 

by the h o s t  l a t t i c e .  

a b 

FIGURE 2.a. : Microdensitometer reading  along t h e  c a x i s .  

( c o r r e c t e d  f o r  a b s o r p t i o n  and p o l a r i z a t i o n )  

FIGURE 2.b.  : T h e o r e t i c a l  i n t e n s i t y  (harmonic model) c o r r e c t e d  

f o r  t h e  molecular  f a c t o r  of  I- 3' 

EFFECT OF THE TEMPERATURE 

A s  the  temperature  i s  lowered t h e  f i r s t  d i f f u s e  l i n e  becomes 

c l e a r l y  modula ted , th i s  means t h a t  l a t e ra l  c o r r e l a t i o n s  between 

t r i i o d i d e  cha ins  develop. These p r e c u r s o r  phenomena condense i n t o  
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ORDER-DISORDER TRANSITION IN DIPS$Ja)0.76 283 

Bragg s p o t s  a t  abou t  T = 185 K .  Thus below T t r i i o d i d e  c h a i n s  

are l a t e r a l l y  and l o n g i t u d i n a l l y  long-range o r d e r e d .  

STUDY OF THE ORDERING PROCESS 

The o r d e r i n g  p r o c e s s  may b e  d e s c r i b e d  by t h e  Bragg s p o t s  a p p e a r i n g  

on t h e  d i f f u s e  l i n e s  : t h e  i n t e n s i t y  of  a Bragg s p o t  a p p e a r i n g  

on t h e  I t h  l i n e  i s  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  I t h  F o u r i e r  

component of the mass -dens i ty .  In F i g .  3 w e  have p l o t t e d  t h e  i n -  

t e n s i t y  of  Bragg s p o t s  a p p e a r i n g  on t h e  f i r s t  f o u r  l i nes  ( 1  = 

1 t o  4 ) .  

C/380 5 

T<K> 

a 

C/380 5 

68888 

40880 

28880 

8 20 48 80 88 188 120 I.0 188 1 

C 

I . . .  . .  . . . . .  . . o  1 '%, 
0 20 40 88 88 1 0 0  128 148 I08 118 208 

T O O  

b 

FIGURE 3.a .b .c .d .  I n t e n s i t y  o f  Bragg s p o t s  a p p e a r i n g  r e s p e c t i v e l y  

on l i n e  1 ,  2 ,  3, 4 v e r s u s  t e m p e r a t u r e .  
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284 P. A. ALBOUY. J .  P. POUGET AND H. STRZELECKA 

DISCUSSION 

We see t h a t  Bragg s p o t s  develop f i r s t  on the  f i r s t  l i n e ,  then on 

the  second one and the  t h i r d  and f o u r t h  ones;  t h e  l a s t  two in ten-  

s i t i e s  d i s p l a y i n g  p r a t i c a l l y  t h e  same behaviour .  Furthermore the  

i n t e n s i t y  of = 1 Bragg s p o t s  s a t u r a t e s  a t  about  100 K .  A mean 

f i e l d  theory of t h i s  t r a n s i t i o n ,  using the  harmonic model has  

been developped by V . J .  Emery and J . D .  Axe5. It accounts  w e l l  f o r  

the  progress ive  a p p a r i t i o n  of t h e  Bragg s p o t s  wi th  i n c r e a s i n g  

l i n e  index b u t  n o t  f o r  t h e  s a t u r a t i o n  of t h e  !2 = 1 Bragg s p o t s  

and the  r a p i d  growth of  t h e  o t h e r s .  A p o s s i b l e  e x p l a n a t i o n  could 

be i n  t h e  broad conductor/semi-conductor phase t r a n s i t i o n  t h a t  

occurs  a t  about T ’. A s  t h e  c o n d u c t i v i t y  of t h e  DIPS4 columns 

d iminishes ,  the s c r e e n i n g  between I; chains  d e c r e a s e s ,  which 

i n c r e a s e s  the coupl ing between them. This  could l e a d  t o  t h e  obser- 

ved avalanche e f f e c t .  

4 
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