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MeCNQn-TCNQ2, A LOW CONDUCTIVITY METAL ABOVE 300 K? 

G. J.  ASHWELL 
Department o f  Chemistry,  S h e f f i e l d  C i t y  P o l y t e c h n i c ,  
S h e f f i e l d  S1 IWB, England 

A. CHYLA 
I n s t i t u t e  o f  P h y s i c a l  and Organic  Chemis t ry ,  
Techn ica l  U n i v e r s i t y  o f  Wroclaw, Poland 

N.E.HEIMER and R.M.METZGER 
Department o f  Chemistry,  U n i v e r s i t y  of M i s s i s s i p p i ,  
MS 38677, USA 

J. G. ALLEN 
E l e c t r o n i c s  Group, I m p e r i a l  Chemical I n d u s t r i e s  p l c ,  
Runcorn WA7 4QE, England 

A b s t r a c t  - The 1:2 complex formed between 1-methyl-4-cyano- 
q u i n o l i n i u m  (MeCNQn) and 7,7,8,8-tetracyano-p-quinodimethane 
(TCNQ)  i s  t r i c l i n i c  w i t h  a = 6.533, b = 7.842,  c = 15.698 8,  
ci = 83.31, @ = 85.61 and y 81.95O. The c r y s t a l s  e x h i b i t  a 
c o n d u c t i v i t y  maximum c e n t r e d  a t  300 K w i t h  a h a x )  0.1 t o  1 
S cm-’. Above 300 K t h e  c o n d u c t i v i t y  h a s  a metal l ic  t e m p e r a t -  
u r e  dependence whereas  below 200 K i t  is  a c t i v a t e d  w i t h  Ea 
= 0 . 0 6 ( 2 )  eV. The magne t i c  s u s c e p t i b i l i t y  shows s i n g l e t -  
t r i p l e t  behav iour  w i t h  J = 0 . 0 1 3 ( 2 )  eV. 

INTRODUCTION 

The e lec t r ica l  and magne t i c  p r o p e r t i e s  o f  t h e  t i t l e  complex were 

first r e p o r t e d  by Kepler  e t  a1.1-2 i n  1963. We have  r e i n v e s t i g a t e d  

t h e  p r o p e r t i e s  o f  MeCNQn-TCNQ2 t o  e s t a b l i s h  t h e  effect  of a g i n g .  

The results o b t a i n e d  from a f r e s h l y  p r e p a r e d  c r y s t a l  b a t c h  and one 

p repa red  a t  t h e  I C I  Corporrite Labora to ry  i n  t h e  mid 1960s are  i n  

close agreement  b u t  d i f f e r  s l i g h t l y  from t h e  p u b l i s h e d  d a t a  of 

Kep le r  e t  a l . .  
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138 G. J .  ASHWELL er al. 

EXPERIMENTAL 

F ine  n e e d l e s  o f  t h e  1:2 sa l t  were o b t a i n e d  when a h o t  a c e t o n i t r i l e  

s o l u t i o n  o f  MeCNQn i o d i d e  and n e u t r a l  TCNQ ( 1  :2 mole r a t i o )  was 

a l lowed  t o  c o o l  s l o w l y  t o  ambien t  t e m p e r a t u r e .  A n a l y s i s :  calc .  C 

72.79, H 2.95, N 24.26 %; found ,  C 72.62,  H 3.09, N 24.50 %. 

The n e e d l e  a x i s  c o n d u c t i v i t y  was d e t e r m i n e d  i n  t h e  t empera t -  

u r e  r ange  70 t o  350 K u s i n g  a fou r -p robe  t e c h n i q u e  w i t h  s i l v e r  dag 

e l e c t r o d e s .  With c u r r e n t s  o f  1 and 100 PA t h e  c r y s t a l s  showed no 

more t h a n  20 % d e v i a t i o n  from ohmic behav iour .  

S t a t i c  s u s c e p t i b i l i t y  measurements  were c a r r i e d  o u t ,  u s i n g  a 

Faraday t e c h n i q u e ,  on 30 mg samples  p l a c e d  i n  a d i a m a g n e t i c  t e f l o n  

c u p  and suspended ,  by aluminium c o n n e c t i n g  r o d s ,  from t h e  head o f  

a CI/Robal mic roba lance .  The Faraday b a l a n c e  was equ ipped  w i t h  a 

Newport magnet w i t h  4"  t a p e r e d  p o l e  p i e c e s  and w i t h  a n  A i r  Poduc t s  

D i sp lex  r e f r i g e r a t o r  f o r  v a r i a b l e  t e m p e r a t u r e  s t u d i e s  i n  t h e  r a n g e  

10 t o  300 K. Helium gas was a d m i t t e d  t o  t h e  a p p a r a t u s  t o  a i d  h e a t -  

t r a n s f e r .  

RESULTS AND DISCUSSION 

The magne t i c  s u s c e p t i b i l i t y  of MeCNQn-TCN% is  c h a r a c t e r i s t i c  of 

TCNQ s a l t s  o f  t h e  i n t e r m e d i a t e  c o n d u c t i v i t y  c lass  and is d e s c r i b e d  

by t h e  e q u a t i o n  , 1 

where J is  t h e  s i n g l e t - t r i p l e t  s e p a r a t i o n ,  PB i s  t h e  Bohr magneton 

and N i s  t h e  number of r a d i c a l  i o n  p a i r s .  The e x c i t a t i o n  ene rgy  

may be o b t a i n e d ,  If J is greater t h a n  a few kT, f rom t h e  s l o p e  o f  

InfXT) v e r s u s  T-' or ,  a l t e r n a t i v e l y ,  from J = 1.61kTmax where Tmax 

is t h e  t e m p e r a t u r e  which c o r r e s p o n d s  t o  t h e  s u s c e p t i b i l i t y  maximum 
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FIGURE 1 Temperature dependence of  t h e  molar  magne t i c  
s u s c e p t i b i l i t y  c o r r e c t e d  f o r  c o r e  diamagnet ism.  
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FIGURE 2 Temperature dependence o f  t h e  r e s i s t i v i t y .  
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I40 G. J.  ASHWELL el al. 

(see F i g u r e  1 ) .  These methods g i v e  J 0 . 0 1 3 ( 2 )  eV fo r  t h e  o l d  and 

new b a t c h e s  of MeCNQn-TCNQ and s u b s t i t u t i o n  i n t o  t h e  e q u a t i o n  

above y i e l d s  a t h e o r e t i c a l  s u s c e p t i b i l i t y  a t  300 K of 1 . 0 7 ( 3 )  x 
e.m.u. mol-' i n  c lose agreement  w i t h  t h e  e x p e r i m e n t a l  v a l u e  

of  1 . 2 ( 4 )  x e.m.u. mol- . Keple r '  r e p o r t e d  a s l i g h t l y  

h i g h e r  v a l u e  of J = 0.018 eV. 

2 

1 

The e lec t r ica l  p r o p e r t i e s  show some sample dependence b u t  t h e  

g e n e r a l  v a r i a t i o n  of t h e  c o n d u c t i v i t y  w i t h  t e m p e r a t u r e  i s  t h e  same 

f o r  bo th  t h e  o l d  and new c r y s t a l  b a t c h e s .  The c r y s t a l s  e x h i b i t  a 

maximum i n  t h e  c o n d u c t i v i t y  c e n t r e d  a t  300 K w i t h  cJ(max) = 0.1 t o  

1 S There i s  a q u a s i - m e t a l l i c  t e m p e r a t u r e  dependence above 

300 K and ,  a t  low t e m p e r a t u r e s ,  an  e x p o n e n t i a l  dependence with 

= 0 . 0 6 ( 2 )  eV measured between 70 and 200 K. Connec t ing  t h e s e  reg- 

i o n s  t h e  c o n d u c t i v i t y  d e c r e a s e s  a b r u p t l y ,  a s  shown i n  F i g u r e  2 ,  

and h y s t e r e s i s  o c c u r s  upon t h e r m a l  r e c y c l i n g .  Kepler  e t  a l .  have 

r e p o r t e d  an  a c t i v a t i o n  e n e r g y  of 0.08 eV c o n s i s t e n t  w i t h  o u r  l o w -  

t e m p e r a t u r e  v a l u e  bu t  do  n o t  men t ion  t h e  t r a n s i t i o n .  Metal- to-  

s emiconduc to r  t r a n s i t i o n s  o f  t h i s  t y p e  are  n o t  uncommon and are  

o f t e n  a t t r i b u t e d  t o  d i s t o r t i o n s  of  t h e  quas i -one -d imens iona l  

s t a c k s .  In  t h i s  case, d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  h a s  n o t  

provided e v i d e n c e  of a phase change and t h e  n a t u r e  of t h e  t r a n s i t -  

i o n  r ema ins  u n c l e a r .  

E3 

1-2 

We thank  t h e  SERC and t h e  Royal S o c i e t y  o f  Chemistry Research 

Fund f o r  s u p p o r t  of t h i s  work and t h e  B r i t i s h  Counci l  f o r  a 

Research Fe l lowsh ip  t o  AC. 

REFERENCES 

1 .  R.G.Kepler, J. Chem. Phys., 2, 3528 (1963) .  

2 .  W.J.Slemons, P .E .B ie r s t ed t  and R.G.Kepler, J. Chem. Phys. ,  2, 
3523 (1963).  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
36

 2
0 

Fe
br

ua
ry

 2
01

3 


