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BRILLOUIN SCATTERING STUDY OF PHASE TRANSITIONS IN P-POLYPHENYLS 

C.  Ecol ivet ,  B.  Toudic and M. Sanquer 

Groupe de Physique cristalline, E. R.A. ctc C.  N.R.S. n007001 5,  UniversitB de 
Rennes, Campus de BeauZieu, 35042 Rennes Cedex, France 

Abstract  A Bri l lou in  s c a t t e r i n g  study of t h e  various phase t r a n s i t i o n s  i n  
p-polyphenyls revea l s  d i f f e r e n t  kinds of e l a s t i c  anomalies depending on t h e  
nature of these t r a n s i t i o n s .  

INTRODUCTION The f i r s t  elements of the  p-polyphenyls s e r i e s  undergo phase t r a n s i -  

t i o n s  through a change of t h e i r  molecular conformation. This change haprSens by an 

a n t i f e r r o d i s t o r s i v e  r o t a t i o n  of aromatic r i n g s  about t h e  molecular long a x i s ,  which 

e f f e c t  is t h e  s t a b i l i z a t i o n  a t  low temperatures of a non-planar molecular conforma- 

t ion .  Despite t h e i r  isomorphism, p-polyphenyls p resen t  d i f f e r e n t  kinds of  t r a n s i -  

t i o n s  and c r i t i c a l  behaviours. W e  r e p o r t  here  some r e s u l t s  of a Br i l lou in  s c a t t e r i n g  

inves t iga t ion  of these t r a n s i t i o n s  and t h e i r  e f f e c t  on t h e  e l a s t i c  p roper t i es  of 

these  c r y s t a l s .  

INCOMMENSURABLE PHASES OF BIPHENYL Biphenyl undergoes a f i r s t  incommensurate phase 
-+ -f 

t r a n s i t i o n  a t  TI = 42 K w i t h  modulation vectors  along a and b (4 s a t e l l i t e s ) .  This 

d i sp lac ive  t r a n s i t i o n  is  r e l a t e d  t o  a s o f t  mode which happens a t  t h e  s a t e l l i t e s  near 

t h e  Z poin t  (0, 1/2, 0) of  t h e  lrst Br i l lou in  zone. A p a r t i a l  lock-in t r a n s i t i o n  hap- 
+ 1 

pens a t  T2 = 17 K where t h e  incommensurability along a disappears  ( ) .  

The major sound ve loc i ty  anomaly occurs f o r  the  quas i  longi tud ina l  mode propa- 
-f 

ga t ing  along a ( f igure  1 ) .  This kind of  e l a s t i c  anomaly has been observed i n  many 

o ther  mate r ia l s  present ing such phases l i k e  K2S,O4, Rb2ZnC14. [b U[ 'T '  

\ / 
? 

Fig. 1 ( l e f t )  - Biphenyl quasi-longitudinal sound ve loc i ty  (upped and its Br i l lou in  
t o t a l  linewidth Uowed versus temperature. -+ 

Fig. 2 ( r i g h t ) -  Spectrum o f  biphenyl a t  25 K by phonons propagating along a .  The a r -  
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rows a t  t h e  f o o t  o f  t h e  Rayleigh i n d i c a t e  t h e  expected l o c a t i o n  o f  t h e  phason l i n e ,  
whereas "L", "T" and T d e s i g n a t e s  t h e  quas i - long i tud ina l ,  quas i - t r ansve r se  and t r a n s -  
ve r se  and modes. 

1  
A s  a  phason was p rev ious ly  observed by neutron s c a t t e r i n g  ( ) ,  we have t r i e d  t o  

s e e  it by l i g h t  s c a t t e r i n g .  Our experiment f a i l e d  t o  f i n d  this component and what we 

can say,  i f  t h e  phason has  r e a l l y  a  propagat ion v e l o c i t y  o f  1000 m / s ,  is t h a t  i t  s c a t -  

t e r s  l e s s  than 1/10 of t h e  l i g h t  s c a t t e r e d  by t h e  weakest t r a n s v e r s e  mode. 

IMPROPER FERROELASTIC TRANSITION OF p-TERPHENYL p- terphenyl  undergoes a t  193 K an  

improper f e r r o e l a s t i c  t r a n s i t i o n  l a b e l l e d  2/m 1' F  i' according to Aizu. Th i s  t r a n s i -  

t i o n  is c h a r a c t e r i z e d  by a  s u p e r s t r u c t u r e  which appears  a t  t h e  C p i n t  (1/2, 1/2, 0 )  

of  t h e  l r s t  B r i l l o u i n  zone l e a d i n g  t o  t h e  e x i s t e n c e  o f  two c r i s t a l l o g r a p h i c a l l y  d i f -  

f e r e n t  k inds  of  domains (Fig.3) depending on t h e  o r i e n t a t i o n  of  t h e  molecule c e n t r a l  
2 

r l n g  ( 1.  

Domain a Domain 

Fig .  3  - P r o j e c t i o n  on t h e  (001) p l a -  
n e  o f  t h e  c e n t r a l  r i n g  o r i e n t a t i o n s  
i n  both  phases  ; dashed l i n e s  f o r  t h e  
h igh  temperature  phase  and f u l l  l i n e s  
f o r  t h e  low temperature  phase.  

One o f  t h e  e l a s t i c  anomal ies  c r e a t e d  by t h i s  o rde r -d i so rde r  t r a n s i t i o n  is  r e l a -  

t e d  t o  t h e  d i f f e r e n t i a t i o n  o f  t h e  11101 and I li01 d i r e c t i o n s  a s  it can b e  seen on t h e  

f i g u r e  above. For one of  t h e s e  d i r e c t i o n s  depenaing on t h e  domain, c e n t r a l  r i n g s  a r e  

pe rpend icu la r  t o  t h e i r  neighbours whereas a long  t h e  o t h e r  d i r e c t i o n  t h e  a n g l e  between 

c e n t r a l  r i n g s  is much l e s s .  Th i s  d i f f e r e n c e  and t h e  p resence  of  s e v e r a l  domains i n  

the  s c a t t e r i n q  volume a r e  a t  t h e  o r i g i n  o f  t h e  presence o f  two d i s t i n c t  and s imul t a -  

neous l o n g i t u d i n a l  B r i l l o u i n  l i n e s  i n  t h e  spectrum (Fig .  4 ) .  

FFg.4 - Rlgnt  a n g l e  B r i l l o u l n  s c a t t e r i n g  spectrum i n  t h e  a ( c , c ) b  geometry a t  3 d i f f e -  
r e n t  temperatures  showing t h e  " long i tud ina l  " B r i l l o u i n  l i n e s  (from t h e  nex t  o r d e r l a n d  
t h e  " t r ansve r se"  B r i l l o u i n  l i n e s  n e a r  t h e  Rayleigh l i n e  ; n o t i c e  a l s o  a  quas i  e l a s t i c  
component which goes  through a  maximum a t  T, = 193 K. The f requency i n t e r v a l  shown 
is 35.5 GHz. 



A f i t  performed on these spec t ra  between 90 K and 193 K shows a ( T ~ - T ) ' - ~ '  va- 

r i a t i o n  of t h i s  s p l i t t i n g  ; it corresponds t o  the numerical value of  0.30 obtained 

f o r  t h e  supers t ruc ture  i n t e n s i t y  recorded by neutron s c a t t e r i n g  ('1 . This value re-  

f l e c t s  a s l i g h t  d i scont inu i ty  of  the t r a n s i t i o n .  

THE p-QUATERPHENYL TRANSITION p-quaterphenyl uhdergoes a t r a n s i t i o n  s imi la r  t o  t h e  

p-terphenyl i n  t h e  sense it i s  a l s o  an order-disorder t r a n s i t i o n  between t h e  P 2 /a  
1 

high temperature phase and probably a P - low temperature phase with a l s o  coexisten- 
3 1 

c e  of  domains ( ) .  But here  two c e n t r a l  r i n g s  a r e  moving i n  opposi te  d i rec t ions  i n s i -  

de each molecule and the  d i f fe rence  between the  11101 and t h e  11i01 i s  no t  a s  obvious 

a s  f o r  p-terphenyl and two d i f f e r e n t  longi tud ina l  Br i l lou in  l i n e s  a r e  not observed. 

Generally t h e  e l a s t i c  anomalies a r e  a l s o  weaker. The f i g u r e  5 shows an anomaly of t h e  
+ 

"longi tudinal"  sound ve loc i ty  recorded along a which shows a small change of s lope a t  

Tc = 240 K ; the re  is  no complete explanation f o r  t h i s  kind of  behaviour, b u t  it is 

could be due to some re laxa t ion  mechanism. 

References 

30.. 

2.7,. 

1. H. CAILLEAU, Thesis Rennes 1981. 

2. J.L. BAUDOUR, Y. DELUGEARD, H .  CAIUEAU, Acta Cryst .  (1976), e, 150. 

3 .  J.L. BAUDOUR, Y .  DELUGEARD, P. RIVET, ACta Cryst .  (19781, G, 625. 

. VLa 
\ 
\ 

0 100 
Fig.  5 - Sound ve loc i ty  o f  t h e  
quasi  longi tud ina l  mode propaga- 
t i n g  along d. 


