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"DISORDER - DISORDER" PHASE TRANSITION I N  SEMI-PLASTIC 
CRYSTALS 

YVETTE HAGET,  LOUIS BONPUNT, A T A I N  MERESSE AND NGLJYEN- 
BA-CHANH 
Labora to i re  de C r i s t a l l o g r a p h i e ,  U n i v e r s i t s  d e  Bor- 
deaux I ,  351 Cours d e  l a  L ibgra t ion ,  33405 Talence,  
France.  

Abs t rac t  The 2-Chloronaphthalene and 2-Bromonaphthale 
ne present  two types of d i so rde red  s t r u c t u r e s  (form I1 
and form I ) .  The passage I1 $ I corresponds t o  a se- 
cond o rde r  t r a n s i t i o n , t h e  premonitory e f f e c t s  of which 
extend over  a l a r g e  temperature  range (50 K ) .  The d i -  
so rde r s  i s  induced by molecular motions ( r e o r i e n t a -  
t i o n  or land  d i f f u s i o n ) .  

INTRODUCTION 

An exhaus t ive  s tudy of t h e  behaviour  of t h e  polymorphism i n  

t h e  8-R naphthalene has  poin ted  out  t h a t  a l l  t h e  

compounds may be considered as "semi-plast ic"  c r y s t a l s  i n  

t h e i r  high temperature  forms. The ch lo ro  and bromo deriva-  

t i v e s  a r e  p a r t i c u l a r l y  a t t r a c t i v e  owing t o  t h e  f a c t  t h a t  

they  present  two types of  d i sordered  s t r u c t u r e s  r e spec t ive ly  

c a l l e d  11 and I. 

STRUCTURAL RELATIONS BETWEEN FORMS I AND I1 

The s t r u c t u r a l  de te rmina t ions  of forms I and I1 show, i n  

both  cases ,  a s t a t i s t i ca l  molecular e n t i t y  : * 
- form I is i s o s t r u c t u r a l  w i th  naphthalene (P21/a , 

Z = 2 )  ( see  Table I ) .  The s t a t i s t i c a l  molecular  e n t i t y  i s  

centrosymmetr ical .  

* A t  293 K ,  i t s  ce l l  parameters are4 : a = 8 . 2 6 2 ( 3 ) ,  

b = 5.984(3) , c = 8.678(5) , 8 = 122.80(2)' . 
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212 Y. HAGET et al. 

TABLE I Crystal  data  

Form 2-Chloronaphthalene 2-Bromonaphthalene 
~ ~~ ~~ ~ ~ ~ 

I T = 315 K T = 323 K 

a = 7.733 (3) i a = 7.773 (4) it 
b = 5.963 (5) b = 5.960 (4) ;i 
c = 21.331 (9) c = 10.835 (8) it 
f3 = 120.00 (6)" f3 = 118.22 (3)" 

I1 T = 293 K 

a = 7.660 (2) 

b = 5.954 (2) 

c = 21.311 (8) 1 
f3 = 120.32 (3)" 

I1 T = 223 K 

a = 7.571 (3) ;i 
b = 5.910 (3) i 
c = 21.257 (10); 

f3 = 120.35 (3)" 

T = 293 K 

a = 7.682 ( 4 )  d 
b = 5.921 (4) 

c = 21.680 ( I 5 ) i  

f3 = 119.15 (3)" 

T = 263 K 

a = 7.682 (4) ; 
b = 5.911 (4) 

c = 21.660 (15); 

f3 = 119.24 (3)" 

- form 11 corresponds t o  an unidirect ional  substructure  

of form 

phous (P21/n , 2 = 4).  The s t a t i s t i c a l  molecular e n t i t y  i s  

non centrosymmetrical ; one of t he  four molecular orienta- 

t i ons  i s  c l ea r ly  predominant. 

I along the c axis  (see Table I ) .  They a r e  isomor- 

The values of the cha rac t e r i s t i ca l  occupancy f ac to r s  

r e l a t i v e  t o  the d i f f e ren t  s t a t i s t i c a l  molecular e n t i t i e s  of 

2-chloronaphthalene a r e  given i n  Table 11. 
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'DISORDER-DISORDER' PHASE TRANSITION 213 

I1 

I1 

TABLE I1 2-Chloronaphthalene s t a t i s t i c a l  molecular en- 
t i t y  : occupancy f a c t o r s  of  t he  f o u r  f3 s i t e s  

293 0.58 0 . 1 4  0 . 1 2  0.16 

223 0.64 0.11 0.09 0.16 

€2 f 3  f 4  
Forms I T(K)  I f1 

I I 
I I 

I I 315 I 0.33 0 . 1 7  0 .33 0 .17  

I I 

CHARACTERIZATION OF THE I1 2 I TRANSITION AND NATURE OF THE 

DISORDER 

The passage I1 2 I corresponds t o  a r e v e r s i b l e  second or- 

de r  t r a n s i t i o n  which occurs  a t  313 K f o r  t h e  c h l o r i n e  de- 

r i v a t i v e  and 319 K f o r  t h e  bromine one. The a c t u a l  t r a n s i -  

t i o n  i s  preceded by premonitory e f f e c t s  which extend over 

a l a r g e  temperature range (about 50 K ) .  The phase t r a n s i -  

t i o n  does not destroy t h e  s i n g l e  c r y s t a l s .  

The c r y s t a l  d a t a  given i n  t a b l e  I correspond t o  t h e  3 

d i f f e r e n t  s t a t e s  of the  s t r u c t u r e  : befo re ,  dur ing  and af -  

t e r  t h e  premonitory zone. 

In  t h e  premonitory temperature  range,  anomalies are 

observed i n  both e n e r g e t i c a l  and s t r u c t u r a l  observa t ions  

versus  T : 

- The Cp curves show a l a r g e  anomaly with two maxima 

re spec t ive ly  a t  285 and 313 K f o r  t h e  2-chloronaphthalene 

and a t  296 and 319 K f o r  t h e  2-bromonaphthalene. 

- The v a r i a t i o n s  of t h e  p r i n c i p a l  components of t he  
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214 Y. HAGET et al. 

thermal expansion t enso r s  and t h e  v a r i a t i o n s  of t h e  in ten-  

s i t y  of t h e  s u b s t r u c t u r e  d i f f r a c t i o n  l i n e s  a l s o  show ano- 

mal ies  a t  t h e  same temperatures .  

These f a c t s  suggest  t h a t  t h e i r  are two compet i t ive  

temperature  dependent molecular  motions. The most probable  

hypothesis  according t o  N M R , i n t e r d i f f u s i o n  

measurements7 , ca lcu la t ion ' ,  and d i f f u s e  s c a t t e r i n g  phe- 

nomenons i s  : 

- i n  form I exis ts  both molecular  jumps between l a t t i -  

ce  s i tes  and in-plane r e o r i e n t a t i o n a l  motions of t h e  m l e c u -  

l e s .  

- i n  form 11, t h e  d i s o r d e r  is a l s o  dynamical i n  t h e  

high temperature  range bu t ,  when t h e  temperature  decreases ,  

t h e  molecular motions are p rogres s ive ly  f rozen  and t h e  re- 

s i d u a l  d i s o r d e r  is then  q u a s i - s t a t i c .  
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