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PRESSURE EFFECT ON MTPP (TCNQ) AND MTPA (TCNQ) 
SALTS STUOIEO BY ELECTRON SPIN RESONANCE 

ANDRZEJ GRAJA, GRAZYNA SEKRETARCZYK, 
MARCIN I<RUPSKI 
I n s t i t u t e  o f  M o l e c u l e r  Phys ics .  P o l i s h  Academy 
o f  Sciences, 60179 Poznah, Polend 

A b s t r a c t  ESR p r e s s u r e  s t u d i e s  o f  MTPP (TCNQ) 2 
and MTPA(TCNQ)2 were performed. The p-T phase 
diagram was descr ibed.  

INTRODUCTION 

I n  t h i s  paper we p resen t  t h e  ESi7 p r e s s u r e  s t u d i e s  o f  

t h e  i o n - r a d i c a l  s a l t s  o f  TCNQ w i t h  m e t h y l t r i p h e n y l -  

phosphonium (MTPP (TCFIQ) 2) and m o t h y l t  r i p h e n y l o  r s o n i u n  

(MTPA (TCNQ) b. \"!e pay o u r  a t t e n t i o n  on p r e s s u r e  depen- 

dence of t h e  phase t t o n s i t i o n  temperature.  I t  is w e l l .  
known' t h a t  PlTPP (TCPIQ) undergoes a f i r s t - o r d e r  s t r u c -  

t u r a l  phase t r a n s i t i o n  a t  normal  p r e s s u r e  a t  315.7 K, 

whereas t h e  s i m i l a r  s a l t  flTPJ.( T C N Q ) ~  undergoes o n l y  

t h e  pressure- induced phase t r a n s i t i o n .  1-4 

EXPERIMENTAL AND RESULTS 

We per fo rmed t h o  ZSR measurements o f  o r i e n t e d  s i n g l e  

c r y s t a l s  o f  FlTPP(TCIJQ)2 end PfTR\(TC;dU)2. u s i n g  t h e  

%-band microwave spec t rometer  equ iped w i t h  special .  

p ressu r e  ~1 nd tempera t u r e  spp 11s nc es . 

t a t i o n s  o f  MTPP(TCNQ)~, a t  normal  p ressu re ,  t o g e t h e r  

The l i n e  e v o l u t i o n s  f o r  two p e r p e n d i c u l a r  o r i e n -  
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126 A. GRAJA et al. 

w i t h  t h e  l i n e  e v o l u t i o n  o f  MTPA(TCNQ)* a r e  shown i n  
Fig.  1. 

I X 3 K )  , ___- 11 I 

MTPP (TCNQ) MTPA ( TCNQ) 

FIGURE 1 The l i n e  e v o l u t i o n s  f o r  t h e  s a l t s ,  
a t  normal pressure. 

A t  h i g h  temperatures, s i n g l e  l i n e s  o f  both crys-  
t a l s  a r e  sharp, about 0,07 rnT i n  w i d t h  and L o r e n t z i o n  
i n  shape. M.th t h e  decreasing temperature t h e  l i n e s  
broaden s l o w l y ;  a t  t h e  t r a n s i t i o n  o f  MTPP(TCNQ)* i t  

broadens cons ido rab ly  and suddenly. Below t h e  phase 
t r a n s i t i o n  T, t he  s i n g l e  l i n e  broadens on, deforms and 
then s p l i t s .  The doublet  components become p r o g r e s s i -  
v e l y  sharper w i t h  t h e  decreas ing temperature. 

The l i n e w i d t h  f o r  t h e  s i n g l e  l i n e s  o f  MTPP(TCNQ)2 
and MTPA(TCNQ)2 p l o t t e d  a g a i n s t  p, f o r  ee lec ted  tempe- 
r a t u r e s  is shown i n  Fig.2. The l i n e w i d t h e s  o f  b o t h  
c r y s t a l s  d i s p l a y  h y s t e r e s i s ,  t y p i c a l  f o r  t h e  f i r s t  o r -  
der phase t r a n s i t i o n s .  The p ressu re  dependent hystere-  
s i s  broadens w i t h  the decreasing pressure.  
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PRESSURE EFFECT ON MTPP (TCNQ), AND MTPA (TCNQ), SALTS ... 
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DISCUSSION 

Our s t u d i e s  c o n f i r m  t h e  phase diagrams f o r  bo th  s a l t s  
g i ven  by I ~ l e r k l  e t  a1 . l  They f i t t e d  tho  exper imen ta l  
phase diagrams t o  an equa t ion  ansued from a model of 
n o n i n t e r a c t i n g  t r i p l e t  exc i tons.  H i s  model i s  based on 
o v e r s i r n p l i f i c a t e d  assumptions, and should be reexami- 

ned. 
I ns tead  o f  t h i s  approach we propose a model o f  

i n t e r a c t i n g  t r i p l e t  e x c i t o n s  i n  a compressible s o l i d .  
We consider  the  ent ropy o f  t r a n s i t i o n  a s  a sum o f  a 

s p i n  ent ropy change A Sspin and a c o n f i g u r a t i o n a l  en- 

t ropy ,  d e s c r i b i n g  ma in l y  t h e  r e o r i e n t a t i o n  o f  two phe- 
n y l  groups ( A  ' o r i en t  ) *  * 

a S = ASSpin + A s o r i e n t  

According t o  Cheenut e t  a l .  : 5 

*'spin = R ( Q l l - Q I )  I n  9 
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128 A. ORAJA er al. 

whore p, snd QI e r a  the  e x c i t a t i o n  d e n s i t i e s  i n  t h e  
h i g h  and low temperature phases, r e s p e c t i v e l y ;  R and 

g a re  constants.  

t r a n s i t i o n  
s t a l ,  we have o mod i f i ed  nridgman equat ion:  

Taking i n t o  account the  volume change a t  phase 
1 s a V / V o  and the c o m p r e s s i b i l i t y  of cry+.- 

whero I< and p a r e  l i n e a r  and n o n l i n e a r  c o m p r e s s i b i l i -  

t i e s  o f  t he  c r y s t a l .  
The above equat ions l oad  t o  t h e  f o l l o w i n g  formule: 

T =  AE' + I v  ( p  - I< p 2 +  p p  9 
P ASorient+ I: ( R -  9 l ) l n  3 + I< n I n  [ (1-p);(1-pt,\] 

d e s c r i b i n g  t h e  p-T phase separa t i on  curve i n  t h e  case 

o f  compressible organic  s o l i d  w i t h  i n t e r a c t i n g  t r i p l e t  
e x c i  tons. 

t h e  theo ry  w i t h  t h e  o n l y  one ac l justab lo parameter AE' 
f o r  MTPP(TCNQ):! i s  shown i n  Fig.3. 

c o n t r i b u t i o n  t o  t h e  coopera t i ve  a t t r a c t i v e  i n t e r a c t i o n  
between exc i tons  a r e  p robab ly  respons ib le  f o r  dev ia-  

t i o n  from our model observed a t  h i g h e r  pressure.  

The conpar ison between t h e  e x p e r i n e n t c l  data ond 

ldonl inear c o m p r e s s i b i l i t y  a s  w e l l  as n o n l i n e a r  
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