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NMR-ANALYSIS OF MAGNETIC PROPERTIES OF TTF-TCNQ 

T O S H I H I R O  TAKAHASHI 
Department o f  Physics, Gakushuin U n i v e r s i t y ,  1-5-1 M e j i r o ,  
Toshima-ku, Tokyo 171, Japan 

A b s t r a c t  
t o r  TTF-TCNQ a r e  used t o  decompose t h e  t o t a l  s p i n  s u s c e p t i -  
b i l i t y  i n t o  c o n t r i b u t i o n s  coming f rom i n d i v i d u a l  TTF and 
TCNQ bands. 
between t h e  TTF and TCNQ bands i s  discussed. 

13C-NMR K n i g h t  s h i f t  d a t a  f o r  t h e  o r g a n i c  conduc- 

The d i f f e r e n c e  i n  e l e c t r o n i c  c h a r a c t e r i s t i c s  

INTRODUCTION 

The one d imensional  o rgan ic  conductor  TTF-TCNQ c o n t a i n s  two t ypes  
o f  conduct ing s tacks;  t h e  donor (TTF) and t h e  accep to r  (TCNQ) 

s tacks ,  b o t h  o f  which have c o n t r i b u t i o n s  d i f f e r e n t  f r o m  each o t h e r  
t o  t h e  observable q u a n t i t i e s  v i a  d i f f e r e n t  e l e c t r o n i c  c h a r a c t e r i s -  

t i c s . ’  I n  o r d e r  t o  achieve f u l l  understandings o f  t h e  p h y s i c a l  

p r o p e r t i e s  o f  t h i s  m a t e r i a l ,  i t  i s  v e r y  i m p o r t a n t  t o  separa te  t h e  
i n d i v i d u a l  c o n t r i b u t i o n s  o f  t h e  two  stack^.^-^ 

RESULTS 

13C-NMR K n i g h t  s h i f t  K and r e l a x a t i o n  t i m e  T i  have been measured 

i n  TTF-TCNQ w i t h  13C-enriched TTF molecules.  

were desc r ibed  elsewhere,2 so t h a t  we o n l y  summarize here t h e  i m -  

p o r t a n t  f e a t u r e s  o f  t h e  r e s u l t s .  (See F i g u r e  1.) 

below 38 K, as i n d i c a t e d  by a r a p i d  decrease o f  t h e  NMR K n i g h t  
s h i f t  K ( p r o p o r t i o n a l  t o  t h e  l o c a l  s u s c e p t i b i l i t y  xF) and t h e  r e l a x  

r o r s  e i t h e r  a t  54 K o r  a t  48 K, as f a r  as t h e  NMR p r o p e r t i e s  a r e  

Exper imenta l  d e t a i l s  

i) A r e a l  gap i n  t h e  conduc t ion  band o f  TTF s t a c k s  opens o n l y  

a t i o n  r a t e  T im1.  No anomary i s  observed w i t h i n  exper imen ta l  e r -  D
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FIGURE 1 
( a )  and r e l a x a t i o n  r a t e  T i - 1  ( b )  i n  TTF(13C)-TCNQ. 

Temperature dependence o f  13C-NMR K n i g h t  s h i f t  

concerned. 

i i )  Below 38 K, t h e  observed temperature dependence can be de- 

s c r i b e d  w i t h  an a c t i v a t i o n  energy o f  Q, 100 K. 

i i i )  I n  t h e  m e t a l l i c  r e g i o n  (Q, 70 K), a l a r g e  enhancement o f  t h e  
Kor r i nga  r e l a t i o n  o f  a f a c t o r  Q, 30 was found, i n d i c a t i n g  t h e  e x i s -  

tence o f  l a r g e  o n - s i t e  Coulomb c o r r e l a t i o n .  

smal l  compared w i t h  t h e  p r e v i o u s l y  determined TCNQ s u s c e p t i  b i l  i ty. 

suggest ing another  phase i n s t a b i l i t y .  

r e s ~ l t s , ~  a t  l 'east ,  below 60 K. 

NMR a n a l y s i s .  

r e f .  2. 

i v )  

v )  Below 

The temperature dependence o f  TTF s u s c e p t i b i l i t y  i s  v e r y  

15 K, smal l  anomalies a r e  observed b o t h  i n  K and T i - l  

The f e a t u r e s  i )  and ii) agree w e l l  w i t h  t h e  pub l i shed  EPR 

iii) i s  a l s o  c o n s i s t e n t  w i t h  1H- 
These r e s u l t s  were more q u a n t i t a t i v e l y  d iscussed i n  

DECOMPOSITION OF S P I N  SUSCEPTIBILITY 

The K n i g h t  s h i f t  i s  p r o p o r t i o n s 1  t o  t h e  l o c a l  s u s c e p t i b i l i t y  of i n -  
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d i v i d u a l  s tacks ,  as K = Hhfxs. 

13C on TCNQ s t a c k s 3  and t h e  p r e s e n t  r e s u l t s  enables us  t o  decom- 

pose t h e  t o t a l  s u s c e p t i b i l i t y  xT6 i n t o  xF and x 
t i b i l i t y ) .  

The pub l i shed  K n i g h t  s h i f t  d a t a  o f  

( t h e  l o c a l  suscep- Q '. 
We use t h e  r e l a t i o n  f o r  t h e  no rma l i zed  va lues  as; 

X T ( T ) / X T ( ~ ~ ~ K )  = ( ~ - X ) X Q ( T ) / X Q ( ~ O O K )  + x X F ( T ) / X F ( ~ ~ ~ K ) ,  

w i t h  a f i t t i n g  parameter x. 

f o r  x = 0.35, as shown i n  F i g u r e  2 (a ) .  

p e r a t u r e  dependence o f  x and xF, t h e  r a t i o  x / x  i s  p l o t t e d  versus Q Q F  
temperature i n  F i g u r e  2 (b ) .  

The b e s t  decomposi t ion was o b t a i n e d  

To show t h e  d i f f e r e n t  tem- 

D I S C U S S I O N S  

The new decomposi t ion o f  t h e  s p i n  s u s c e p t i b i l i t y  r e v e a l s  seve ra l  

i m p o r t a n t  f e a t u r e s  o f  t h e  d i f f e r e n t  r o l e s  o f  TTF and TCNQ s tacks .  

i )  The TCNQ s u s c e p t i b i l i t y  i s  l a r g e r  than  t h e  TTF s u s c e p t i b i l i t y  

FIGURE 2 
(broken 

TCNQ ( 
t i o n s .  

( a )  Decomposit ion o f  t o t a l  s p i n  s u s c e p t i b i l i t y  

i n e )  i n t o  t h e  l o c a l  s u s c e p t i b i l i t y  on TTF ( ) and 

s tacks.  The crosses a r e  t h e  sum o f  b o t h  c o n t r i b u -  

b)  The r a t i o  xQ/xF vs.  T, eva lua ted  from ( a ) .  
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above 60 K. x / x  amounts t o  clr 2 a t  room temperature.  I n  r e f .  2, 
we found t h e  o n - s i t e  Coulomb c o r r e l a t i o n  energy U i s  o f  t h e  o r d e r  
o f  t h e  bandwidth f o r  b o t h  s tacks.  The bandwidth was es t ima ted  as 

0.65 eV and 0.40 eV f o r  TTF and TCNQ s tacks ,  r e s p e c t i v e l y .  
broader TTF bandwidth than  TCNQ c o n t r a d i c t s  t h e  p rev ious  expecta- 
t i o n l  b u t  agrees w i t h  a band c a l ~ u l a t i o n . ~  

and 150 K must be a t t r i b u t e d  t o  x 
t h i s  reg ion .  
o f  pseudo-gap due t o  t h e  f l u c t u a t i n g  CDW's. I n  f a c t ,  1D X-ray d i f -  
f u s e  l i n e s  w i t h  t h e  wave number o f  2kF becomes v i s i b l e  i n  t h i s  tem- 
p e r a t u r e  domain. 

appears o n l y  on t h e  TCNQ stacks.  
X-ray observat ions.*  

pendence ( x  / X  i s  n e a r l y  c o n s t a n t ) ,  which may be p a r t l y  because o f  
Q F  

t h e  l a t t i c e  c o n t r u c t i o n  r e s u l t i n g  i n  i n c r e a s i n g  bandwidth as l ower -  

i n g  temperature, I t  i s  a l s o  p o s s i b l e  t h a t  a change i n  t h e  degree 
o f  charge t r a n s f e r  f rom 0.59 a t  l ow  temperatures t o  0.55 a t  room 
temperatureg leads t o  an i nc rease  ( %  5% f o r  t h e  t i g h t  b i n d i n g  
c u l a t i o n )  o f  t h e  d e n s i t y  o f  s t a t e s  a t  Fermi l e v e l .  

Q F  

The 

i i )  The observed l a r g e  temperature dependence o f  xT between 60K 
s i n c e  xF i s  n e a r l y  cons tan t  i n  

We suggest t h a t  t h i s  may i n d i c a t e  t h e  gradual  onset  
Q '  

An i m p o r t a n t  p o i n t  i s  t h a t  t h e  2kF pseudo-gap 
Th is  i s  c o n s i s t e n t  w i t h  r e c e n t  

iii) Above 150 K, xF and xQ have a lmos t  t h e  same temperature de- 

a l -  
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