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TEMPERATURE AND PRESSURE INDUCED PHASE TRANSITIONS I N  
THE PEROVSKITE-TYPE LAYER COMPOUND (CH3NH3)2CdC14 

RACHID MOKHLISSE AND MICHEL C O U Z I  
Labora to i re  de Spectroscopie  Inf ra rouge ,  a s soc i6  au 
C . N . R . S . ,  Univers i t4  de Bordeaux I, 33405 TALENCE 
Cedex, France 

Abs t rac t  
been e s t ab l i shed  by means of a Raman s c a t t e r i n g  s tudy 
under hydros t a t i c  p re s su res  ranging from 0 t o  6 Kbars, 
and a t  d i f f e r e n t  temperatures  between 80 and 300 I:. 
The phase sequence observed f o r  t h i s  compound a t  am- 
b i e n t  pressure  i s  shown t o  be r e l a t ed+no t  only t o  t h e  
r e o r i e n t a t i o n a l  dynamics of t he  CH3NH3 groups,  bu t  a l s o  
t o  d i so rde r ing  processes  involv ing  the  CdCl oc tahedra .  
Increas ing  pressure  causes  t h e  appearance og a new h igh  
pressure  phase (HP). It i s  suggested t h a t  HP i s  an 
ordered phase and t h a t  i t s  s t r u c t u r e  r e s u l t s  from 
ant i -phase s l i p s  of t he  pe rovsk i t e  l a y e r s .  

The phase diagram of (CH3NH3l2CdCl4 has  

INTRODUCTION 

Bis-methylammonium cadmium t e t r a c h l o r i d e  , (CH NH ) CdC14 

( s h o r t  PIACC) belongs t o  the  family of perovski te - type  l a y e r  

compounds. These compounds, wi th  the  genera l  formula 

(CnH2n+,NH3)2MX4 (where M = Mn,Cd, Fe,Cu, ... and X = C 1 ,  Br) 

e x h i b i t  a "two-dimensional" s t r u c t u r e  c o n s i s t i n g  of l a y e r s  

formed by corner-shar ing MX6 octahedra.  The c a v i t i e s  between 

oc tahedra  are occupied by the  NH heads of the  alkylammonium 

groups which from hydrogen bonds wi th  the  halogen oc tahedra .  

In t e r - l aye r  bonding i s  mainly achieved by Van d e r  Waals 

i n t e r a c t i o n s  between the  a l k y l  ends. 

3 3 2  

3 

These compounds rece ived  cons ide rab le  i n t e r e s t  r e c e n t l y  

because they can e x h i b i t  quas i  two-dimensional magnetic pro- 

p e r t i e s '  and a l s o  because they may se rve  a s  mat r ixes  f o r  

chemical r e a c t i o n s  occur ing  wi th in  t h e  organic  l a y e r s 2  ; 
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388 R. MOKHLISSE and M. COUZI 

fur thermore,  they a r e  a l s o  very a t t r a c t i v e  from the  po in t  of 

view of l a t t i c e  dynamics, s ince  most of t hese  systems undergo 
3 numerous s t r u c t u r a l  phase t r a n s i t i o n s  . This  paper i s  devo- 

t ed  t o  a Raman s c a t t e r i n g  s tudy of such t r a n s i t i o n s  i n  MACC, 

f o r  which the  fo l lowing  phase sequence has  been determined 

a t  ambient pressure  . 4 9 5  . 
484 K 279 K 16 

r 6 3 , K C 5  (2  =2) 
2h l 8  (Z=2) - D4h (Z=4) D2h 

l 7  (Z=1) - D4h 

Z hereabove des igna te s  the  number of formula u n i t s  per  

p r imi t ive  (Wigner-Seitz) u n i t - c e l l .  This  sequence of t r a n s i -  

t i o n s  has  been ex tens ive ly  s tud ied  i n  r e c e n t  years3  and the  

mechanisms f o r  t he  phase changes have been shown t o  be main- 

l y  r e l a t e d  t o  the  r e o r i e n t a t i o n a l  dynamics of t h e  CH NH 

groups coupled wi th  d i f f e r e n t  t i l t s  of the  CdC16 oc tahedra .  

Hence, i n  the  THT, ORT and TLT phases ,  t h e  CH NH c a t i o n s  

a r e  i n  s p e c i f i c a l l y  d isordered  s t a t e s  of dynamic n a t u r e ,  

whereas they a r e  ordered i n  MLT. Hamann from a h igh  

pressure  in f r a red  s tudy of MACC, concluded t h a t  a new high  

pressure  phase (HP) occurs  a t  room temperature  f o r  

P > 14 Kbars, bu t  no conclusion could be given a s  t o  i t s  

s t r u c t u r e .  

+ 
3 3  

-k 

3 3  

6 

In  t h i s  paper ,  we s h a l l  r e p o r t  experimental  r e s u l t s  w e  

have obtained r e c e n t l y  by means of a low frequency Raman 

s c a t t e r i n g  study of MACC under h y d r o s t a t i c  p re s su res  ranging  

from 0 t o  6 Kbars and a t  va r ious  temperatures  between 80 

and 300 K. Af t e r  having sunnnarized our  prev ious  r e s u l t s  ob- 

ta ined  a t  ambient p re s su re  7 y 8 9 9 ,  we s h a l l  d i s c u s s  on a possi-  

b l e  mechanism respons ib le  f o r  the  occurence of t he  HP phase. 

EXPERIMENTAL DETAILS 

S ingle  c r y s t a l s  of MACC measuring about 5 x 5 x 1 m3 were 
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PHASE TRANSITIONS 389 

prepared a t  room temperature by slow evapora t ion  of s a t u r a t e d  

aqueous s o l u t i o n s  con ta in ing  s to i ch iomet r i c  amounts of 
CH3NH3C1 and CdC12 10 . 

The Raman spec t r a  were recorded on a Jobin-Yvon type 

Ramanor HG 25 double-monochromator spec t rometer ,  coupled wi th  

a Spectra-Physics model 165 argon-ion laser.  We used t h e  

5145 1 emission l i n e ,  wi th  an inc iden t  power of about 400 mW. 

The v a r i a b l e  temperature h igh  p res su re  c e l l  used i n  

t h i s  s tudy was b u i l t  i n  our  l abora to ry  ; i t  w i l l  be desc r ibed  

i n  d e t a i l  i n  a forthcoming paper  . 11 

RE SULT S 

The Raman spec t r a  of MACC obtained a t  ambient p re s su re  i n  the  
ORT, TLT and ElLT phase have a l ready  been analysed 7,899.  It 

appears  t h a t  t he  s p e c t r a l  f e a t u r e s  observed i n  these  d i f f e -  

r e n t  s t r u c t u r a l  modif icat ions al low a determina t ion  of t h e i r  

r e spec t ive  domains of ex i s t ence  under high p res su re .  A l so ,  

t he  occurence of t he  new high  p res su re  phase can be e a s i l y  

cha rac t e r i zed  on these  s p e c t r a ,  and the  P-T phase diagram of 

MACC, a s  e s t a b l i s h e d  f o r  t he  f i r s t - t i m e  from our  da ta ,  is 
shown on f i g u r e  1 .  An experimental  po in t  prev ious ly  obta ined  

by Hamalnn6 i s  a l s o  repor ted  on t h i s  f i g u r e .  A s  a mat te r  of 

f a c t , t h i s  au thor  concluded t h a t  MACC undergoes a t  P J , 1 4  Kbars 

and a t  room temperature a phase change from ORT t o  a new high  

pressure  phase ; i n  view of our  d a t a  ( l imi t ed  up t o  6 Kbars) 

t he  l a t t e r  corresponds probably t o  t h e  same HP phase as ou r s ,  

so t h a t  t he  shape of t he  phase diagram has  been ex t r apo la t ed  

as ind ica t ed  on f i g u r e  1 by t h e  dashed 1 i n e s . I t  c l e a r l y  

appears  t h a t  t he  domains of ex i s t ence  of t he  TLT and MLT pha- 

s e s  a r e  l imi t ed  a t  h igh  p res su res ,  whereas the  ORT and HP 

phases a r e  s t a b l e  i n  wider p re s su re  ranges.  The THT phase 

occur ing  a t  h igh  temperature5 could no t  be s tud ied  wi th  our  
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390 

high pressure  c e l l .  

R. MOKHLISSE and M. COUZI 

FIGURE 1 . The phase diagram of MACC. 

The low frequency Raman s p e c t r a  of MACC observed a t  d i f -  

f e r e n t  temperatures  and a t  P = 3 . 5  Kbars a r e  represented  on 

f i g u r e  2 ,  thus  showing t h e  sequence of t r a n s i t i o n s  

ORT -TLT MLT + 4 HP. Well def ined  po la r i za -  

t i o n  s e l e c t i o n s  a r e  obtained wi th  MACC s i n g l e  c r y s t a l s  i n  

the  ORT, TLT and MLT phases ,  even a t  h igh  pressures" ,  bu t  

these  s e l e c t i o n s  a r e  almost completely des t royed  i n  the  HP 

phase because of important c r y s t a l  damage occuring a t  t he  

MLT c* HP and a t  the  TLT C + H P  t r a n s i t i o n s  ; t h i s  probably 

i n d i c a t e s  t h a t  these  t ransformat ions  have a pronounced f i r s t  

o rde r  cha rac t e r .  Also, these h igh  p res su re  t r a n s i t i o n s  are 

cha rac t e r i zed  by the  presence of an underdamped soft-mode 

( f igu re  3a) l y i n g  between 8 and 15 cm-' i n  t he  HP phase,  
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PHASE TRANSITIONS 39 I 

\ 296K (ORT) 

113K (HP) 

100 200 300 0 
Frequency ( cm4 )- 

FIGURE 2 . The low frequency Raman s p e c t r a  of MACC 

recorded a t  d i f f e r e n t  temperatures  and a t  P = 3.5 Kbars wi th  

the  s c a t t e r i n g  geometry 2 (XX) Y (Di rec t ion  2 i s  c o l l i n e a r  

wi th  the  c r y s t a l l o g r a p h i c  a x i s  perpendicular  t o  the  l a y e r  

p lanes  and X and Y t o  the  c r y s t a l l o g r a p h i c  axes  contained 

i n  these  p l anes ) .  

whose frequency,  bo th  temperature  and p res su re  dependent,  

s t rong ly  decreases  a s  t h e  MLT o r  t h e  TLT phase i s  approached 
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392 R. MOKHLISSE and M. COUZI 

T =  90K 

b 

pc 
I 

L 6 . 3  Kbon I " 1 .  I * I 
30 60 0 2 4 6 
- 
0 

Frequency ( M') Pressure ( Kbors) 

FIGURE 3 . a )  D e t a i l  of t he  low frequency p a r t  of t he  

Raman s p e c t r a  through the  H P U M L T  phase t r a n s i t i o n .  

b )  Pressure  dependence of t he  s o f t  mode 

frequency showing the  Landau l i k e  behaviour  w2 4 (P-Pc). 

from lower temperatures  o r  from h ighe r  p re s su res .  In  p a r t i c u -  
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PHASE TRANSITIONS 393 

c u l a r ,  we n o t i c e  a Landau l i k e  behaviour f o r  t h e  frequency 

dependence of the  soft-mode with p re s su re ,  a t  a f i xed  tempe- 

r a t u r e  ( f i g . 3 b ) .  Note however the  soft-mode frequency never 

reaches the  value of zero  a t  the  t r a n s i t i o n  temperatures  and 

p res su res ,  which i s  a l s o  cons i s t en t  wi th  a f i r s t - o r d e r  cha- 

r a c t e r  f o r  t he  HP-MLT and the  HP-TLT t r a n s i t i o n s .  

Nevertheless ,  the observat ion of a soft-mode c l e a r l y  ind ica-  

tes  t h a t  a d i sp l ac ive  mechanism must be r e l a t e d  t o  the  occu- 

rence of the  HP phase. 

DISCUSS I O N  

The phase sequence of MACC a t  ambient pressure  

In previous s t u d i e s  on MACC 7 y 8 y 9 ,  w e  gave a l ready  a complete 

assignment f o r  the  low frequency modes observed a t  ambient 

pressure  and a t  d i f f e r e n t  temperatures ,  through the  domains 

of ex is tence  of t he  THT,ORT,TLT and MLT phases.  Hence, on 

the  bases  of p o l a r i z a t i o n  s e l e c t i o n s  observed wi th  s i n g l e  

c r y s t a l  samples, comparisons wi th  the  spec t r a  of i s o t o p i c  

d e r i v a t i v e s  (CD NH ) CdCl and (CH ND ) CdC14 and group-  

t h e o r e t i c a l  cons ide ra t ions ,  we have in t e rp re t ed  the  l a t t i c e  

v i b r a t i o n a l  spec t r a  of MACC i n  terms of v i b r a t i o n s  of t h e  

CdC16 octahedra and of "ex terna l"  modes ( r o t a t o r y  and t r ans -  

l a t o r y  v i b r a t i o n s )  of t he  methylaaunonium groups.  Low-lying 

d i f f u s i v e  o r  overdamped modes appearing on t h e  a 

3 3 2  4 3 3 2  

and xx' ayy _ _  
ci spec t r a  were shown t o  be a " f inger -pr in t"  of t he  d i so r -  

dered ORT and TLT phases' ( f i gu re  4 ) .  These modes have been 
XY 

unambiguously assigned t o  " ro ta tory"  v i b r a t i o n s  of t he  r i g i d  

CdC16 octahedra and furthermore i n  t h e  ORT phase,  could no t  

be accounted f o r  by the  K = 0 s e l e c t i o n  r u l e s  der ived  from 

the  time and space averaged s t r u c t u r e  determined by X-ray 

d i f f r a c t i o n  . 

-c 

4 
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394 R. MOKHLISSE and M. COUZl 

I 

I 

50 0 -50 
Frequency ( c m . 1  ? 

FIGURE 4 . Temperature evolution of the low-lying 
"Rayleigh-wings" observed on the Z(XX)Y spectrum of MACC at 

ambient pressure. 

A new qualitative approach of the phase transitions 
mechanism has been proposed', based on the hypothesis that 
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PHASE TRANSITIONS 395 

+ 
d i so rde r  involves  not  only the  CH3NH3 groups bu t  a l s o  t h e  

CdC16 octahedra.  Then, t he  p e c u l i a r  s e l e c t i o n  r u l e s  observed 

f o r  t he  low-lying phonon modes involv ing  CdC16 motions 

( f i g u r e  4 )  can be explained by t h e  ex i s t ence  of l o c a l  d i s -  

t o r s i o n s  of t he  octahedra l a t t i c e ,  which reduce i t s  i n s t a n t a -  

neous symmetry i n  a s h o r t  range. Hence, t hese  modes cannot 

be considered a s  the  "symmetry breaking" o r  t h e  "symmetry 

res tor ing ' '  sof t-modes a s soc ia t ed  t o  the  order  parameters  

r e l evan t  f o r  the phase sequence', bu t  r a t h e r  must be i n t e r -  

p re t ed  as t h e  ''symmetry preserving" modes a b l e  to gene ra t e  

s t a t i s t i c a l l y  the  symmetry of t he  ORT and of t h e  TLT phases. 

In  a s i m i l a r  way, the  "anomalous" s e l e c t i o n  r u l e s  a l s o  obser-  

ved f o r  t he  NH3 t o r s i o n a l  v i b r a t i o n  of t he  organic  c a t i o n  

a r e  ass igned t o  the  ex i s t ence  of short-range c o r r e l a t i o n s  

r e s u l t i n g  from a coupl ing between t h e  CdCl 

sub- la t t ices ' ,  due t o  t h e  ex i s t ence  of NH.. . C 1  hydrogen bonds. 

4- 
and t h e  CH3NH3 6 

Then we conclude t h a t  a r e a l i s t i c  model f o r  t he  desc r ip -  

t i o n  of t he  phase sequence observed a t  ambient p re s su re  i n  

MACC must take  i n t o  account competing i n t e r a c t i o n s  e x i s t i n g  

between the  CdC16 octahedra and the  CH NH' s u b - l a t t i c e s .  

The HP phase 

The s p e c t r a l  changes observed a t  the  TLT 

t i o n  show s t rong  s i m i l a r i t i e s  wi th  those  no t i ced  a t  the  

TLT MLT t r a n s i t i o n  , and i n  p a r t i c u l a r ,  w e  n o t i c e  t h e  

complete disappearance of t he  broad low-frequency s o f t  

"Rayleigh-wing" c h a r a c t e r i z i n g  d i s o r d e r  i n  the  TLT s t r u c t u r e  

( f i g u r e  4 ) .  This  probably i n d i c a t e s  t h a t  t he  H P  phase,  as  

MLT, has  an ordered s t r u c t u r e .  On t h e  o the r  hand, t he  NH3 

t o r s i o n a l  mode of t he  organic  c a t i o n ,  s i t u a t e d  a t  about 

300 cm-' i n  t he  ORT and the  TLT phases' i s  ab rup t ly  s h i f t e d  

t o  higher  frequency (330 cm-'> i n  H P  ; t he  same phenomenon 

3 3  

H P  phase t r a n s i -  

9 
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396 R. MOKHLISSE and M. COUZI 

was a l s o  no t i ced  a t  t h e  TLT-MLT t r a n s i t i o n  and was assi- 

gned' t o  a change of t he  CH3NH3 conf igu ra t ion  from "ortho- 

rhombic" i n  TLT t o  "monoclinic" i n  MLT . Hence, t he  

CH NH 

conf igura t ion  i n  HP too .  There a r e  however marked d i f f e ren -  

c e s  t h a t  appear between the  spec t r a  of t he  MLT and of t he  

HP phases ( f igu re  2), t he  most s a l i e n t  of which be ing  obser- 

ved i n  t h e  frequency range around 70 c m  

low frequency p a r t  of t he  s p e c t r a  where a s t rong  and narrow 

l i n e  i s  present  a t  8-15 cm 

mentioned i t  behaves as  a soft-mode ( f i g u r e  3) and appears  

t o  be a s p e c i f i c  f e a t u r e  of t h e  HP phase which has  no equi- 

v a l e n t  i n  none of t he  s t r u c t u r a l  modi f ica t ions  of t h e  

(CnH2n+lNH3)2MC14 compounds (with M = Mn and Cd and 

n = 1 t o  3 )  a c t u a l l y  s tud ied  by means of Raman spectrosco-  

PY 7 y 8 ' 9 y 1 2 y ' 3 9 1 4 .  Then, t h i s  f e a t u r e  must be r e l a t e d  t o  a 

p a r t i c u l a r  cha rac t e r  of t he  HP s t r u c t u r e  and of course re-  

q u i r e s  explana t ion  ; however, i n  t h e  absence of any s t ruc tu -  

r a l  da t a ,  t he  d i scuss ion  developed h e r e a f t e r  must be consi-  

dered e s s e n t i a l l y  as specu la t ion .  

+ 
4 35 

+ 
groups poss ib ly  adopt t he  so-cal led ''monoclinic'' 3 3  

-1 and i n  the  very 

-1 i n  t he  HP phase.  A s  a l ready  

In  view of our p re sen t  knowledge of t h e  la t t ice-dynamics 

i n  (CnH2n+lNH3) 2CdC1 compounds 7 9 8 y 9 y 1 3 y 1 4 ,  t he  low frequency 

soft-mode observed a t  8-15 cm i n  the  HP phase of MACC -1 4 

+ 
cannot be assigned t o  an "externa l"  v i b r a t i o n  of t he  CH3NH3 

groups,  nor  t o  a mode coming from the  CdC16 oc tahedra ,  a l l  

of which be ing  l o c a l i z e d  a t  much h igher  f requencies .  Now i f  

we r e f e r  t o  i n e l a s t i c  neutron s c a t t e r i n g  d a t a  obta ined  wi th  

(CD3ND3)2MnC1415 ( t h e  manganese homologue i s o s t r u c t u r a l  wi th  

MACC), obviously a c o u s t i c a l  phonons only can account f o r  the  

frequency of our  soft-mode. This  means w e  have t o  f i n d  a 

mechanism a b l e  t o  r e p l a c e  a c o u s t i c a l  modes at  zone-centre 

i n  the  HP phase and t o  make them Raman a c t i v e .  
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f i r s t  B r i l l o u i n  zone 

s t r u c t u r e )  e x h i b i t  

range,  compatible 

A l l  a c o u s t i c a l  branches i n s i d e  t h e  

(def ined wi th  r e spec t  t o  the  parent  THT 

phonon modes i n  the  8-15 cm frequency 
-1 

wi th  our  soft-mode15.Then numerous p o s s i b i l i t i e s  a r e  o f f e r e d  ; 

no te  however t h a t  i n  any case ,  a mechanism involv ing  such 

modes would lead  t o  a modulated (incommensurate) phase and/or  

t o  a "lock-in" phase wi th  a complex s t ruc tu re16 .  The s p e c t r a  

observed f o r  t he  HP phase a r e  r a t h e r  s imple,  s imilar  t o  those  

of the  MLT phase ( f i g u r e  2)  and then ,  appa ren t ly ,  do no t  

r e f l e c t  very wel l  such an  e v e n t u a l i t y .  

Among the  zone-boundary a c o u s t i c a l  phonons, t h a t  of 

lowest frequency corresponds t o  the  TA mode a t  po in t  Z, t he  

zone-boundary i n  the  

15 cm , i . e .  exac t ly  i n  the  frequency range of our  s o f t -  

mode. This TA(Z) mode corresponds t o  ant i -phase s l i p s  i n  t h e  

( a , b )  plane of t he  octahedra l a y e r s  a g a i n s t  each  o t h e r ,  and 

belongs t o  the  Z-/Eu i r r e d u c i b l e  r e p r e s e n t a t i o n  i n  THT18. In  

the  hypothes is  t h a t  t he  HP phase d e r i v e s  from t h e  pa ren t  

THT phase by group t o  sub-group r e l a t i o n s ,  a s  i t  i s  the  case  

f o r  a l l  a c t u a l l y  known s t r u c t u r a l  modi f ica t ions  of MACC t h e  

assignment of the  TA(Z) mode t o  the  soft-mode f o r  t he  t r a n s i -  

t i o n  t o  HP means t h a t  TA(Z) would be rep laced  a t  zone-centre 

and would be Raman a c t i v e  i n  HP as  a t o t a l l y  symmetric mode. 

In  o the r  words, t he  order  parameter f o r  the  phase t r a n s i t i o n  

t o  HP then corresponds t o  the  Z-/Eu r e p r e s e n t a t i o n  i n  THT. 

Here again numerous p o s s i b i l i t i e s  a r e  o f f e red  f o r  t h e  

space-group of the  HP phase,  cons ide r ing  t h e  kind of 

t i l t  adopted by the  CdC16 octahedra i n  the  l a y e r  p l a n e s , i . e .  

depending on what s t r u c t u r e  (THT,ORT,TLT,MLT o r  o t h e r )  t he  

HP phase d e r i v e s  from. A l l  of them have minimum u n i t - c e l l  

volumes corresponding t o  Z = 2 o r  t o  Z = 4 ,  and a l s o  lead  t o  

the  l o s s  of i nve r s ion  symmetry f o r  t h e  Cd s i t e s .  

(OOl] d i rec t ion" ,  and l i e s  a t  about  
-1  15 . 

5 

5 

2+ 
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398 R. MOKHLISSE and M. COUZI 

To conclude, our data suggest that the mechanism for 
the occurence of the new HP phase of MACC is related to anti- 

phase slips of the perovskite layers. Note however that the 
possibility of a mechanism related to the occurence of an 

incommensurate phase at high pressure in MACC cannot be com- 
pletely ruled out. Of course, diffraction measurements at 
high pressure are absolutely necessary to progress in the 
analysis of the structure of the HP phase. 

Acknoledgments The authors wish to thank MM.J.C.CORNUT, 
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high pressure Raman scattering experiments. 
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