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ORGANIC METALS BASED ON HEXAMETHYLENETETRATELLURAFULVALENE 
(HMTTeF) 

GUN21 SAITO, Ins  
H I  ROAKI KUMAGA I , 
Nagoya, TOSH I AKI  
Science, Okazaki 

. S o l i d  S t a t e  Phys ics,  Univ .  o f  Tokyo, Tokyo, 
JlRO TANAKA, Chemistry Dep., Nagoya Univ . ,  
ENOKl, H I R O O  INOKUCHI, I n s t .  Mo lecu la r  

Japan. 

A b s t r a c t  Several CT complexes o f  HMTTeF w i t h  TCNQs, quinones, 
and o t h e r  acceptors  were prepared and e l e c t r i c a l  and o p t i c a l  
p r o p e r t i e s  were examined. A l i n e a r  c o r r e l a t i o n  between t h e  
r e s i s t i v i t i e s  and t h e  p o s i t i o n  o f  CT bands was observed. I n  
genera l ,  1 : I  complexes w i t h  s t r o n g  acceptors(EA>2.60eV) show 
r e l a t i v e l y  h i g h  c o n d u c t i v i t y  w i t h  l ow  a c t i v a t i o n  energy as w e l l  
as s t r o n g  e l e c t r o n i c  a b s o r p t i o n  ex tend ing  t o  I R  reg ion .  S i n g l e  
c r y s t a l s  of TCNQ and 2,5-dimethylTCNQ complexes show m e t a l l i c  
cha rac te r ,  i n  which P e i e r l s  t r a n s i t i o n  i s  s t r o n g l y  suppressed. 

INTRODUCTION 

To o b t a i n  an o rgan ic  metal w i t h  enhanced m e t a l l i c  c h a r a c t e r ,  usage 

o f  t e l l u r i u m  atoms ins tead  of  s u l f u r  i n  TTF i s  q u i t e  e f f e c t i v e ,  

because van de r  Waals r a d i u s  increment i s  14% and a tomic  e l e c t r o n e g -  

a t i v i t y  decrement i s  16%. There fo re ,  one may expect increased p o l a -  

r i z a b i l i t y ,  band w i d t h ,  and i n t e r c h a i n  i n t e r a c t i o n ,  a l s o  decreased 

o n - s i t e  Coulomb r e p u l s i o n  i n  HMTTeF complexes. 

RESULTS 

E l e c t r i c  P r o p e r t i e s * * - C o m p a r i s o n  o f  t h e  e l e c t r i c  p r o p e r t i e s  o f  

HMTTeF complexes on compaction samples(Tab1e I )  w i t h  t h e  da ta  o f  

TTF-TCNQ(%T=5.3Scm-l, ~a=0 .005eV)  suggests t h a t  FTCNQ, TCNQ, and 

Me TCNQ complexes may be m e t a l l i c .  S i n g l e  

c r y s t a l s  o f  TCNQ and Me2TCNQ complexes, i n  

t h e  l a t t e r  complex t h e  s t o i c h i o m e t r v  i s  

2 

d i f f e r e n t  f rom t h a t  i n  t h e  powder, show 
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G. SAITO ct al. 

I@ 

a l s o  produces conduc t l ve  complexes, - 
'2 
& 

b u t  o n l y  w i t h  s t r o n g  ones(EA)2.60eV), 

These r e s u l t s  a r e  i n  good agree- 

ment w i t h  o u r  diagram proposed f o r  Id 

t h e  requirement for an o r g a n i c  

meta l .  

338 

meta 1 i c  behavior(Q'RT=1400 

and 8 0 0 S ~ m - ~ ) .  A l though 

they have maximum i n  con- 

d u c t i v i t y  a t  243 and 130K, 

t h e  c o n d u c t i v i t y  decrease 

below t h e  maximum i s  v e r y  

g r a d u a l ( r  -600 and 2600 77K- 
Scm-l, r e s p e c t i v e l y )  i n -  

d i c a t i n g  s t r o n g  suppress- 

- 
I I 1 

"cZTCNQ complex(':i)  

~ o ~ - o m o o a o - o m  

4, 
o-mo0 - TCNQ '%,, - 

complex O-oo 

-=-cQL-.a 

I I 

L 

e x h i b i t s  o r d i n a l  CT band a t  6 . 7 ~ 1 0 ~ c m - ~  i n  t h e  complex, On t h e  o t h e r  

hand, t h e  complexes w i t h  s t r o n g  TCNQs revea l  c h a r a c t e r i s t i c  bands 

extending below 4 ~ 1 0 ~ c m - ~ ,  l e a d i n g  t h a t  they have nomina l l y  i o n i c  

ground s ta te (0 .5 ldeg ree  o f  CTSI). I R  spec t ra  t e l l  us aga in  t h a t  t h e  

(Me0)2TCNQ complex i s  n e u t r a l  and o t h e r  TCNQs complexes t o  be nomi- 

n a l l y  i o n i n .  E s p e c i a l l y  t h e  FTCNQ, TCNQ, and Me2TCNQ complexes d i s -  

p l a y  c h a r a c t e r i s t i c  s t r u c t u r e l e s s  spec t ra  caused by p a r t i a l  CT 

(F igu re  2 ) .  The i o n i c i t y  o f  t h e  complexes i s  summarized i n  Tab le  I .  

P l o t  o f  l o g q T  ( o r E a )  vs h 3  c l e a r l y  dev ides t h e  two groups; one 

i s  nomina l l y  i o n i c  and t h e  o t h e r  n e u t r a l ,  i n  F i g u r e  3. High conduc- 

t i v i t y ,  l o w  a c t i v a t i o n  energy, and e l e c t r o n i c  a b s o r p t i o n  band ex- 
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ORGANIC METALS BASED ON HEXAMETHYLENETETRATELLURAFULVALENE 339 

LI.Me2TCNQ 

I I 1  I I 1 1 , I I  

00 ' 2000 LI-' I000 1 5 0  

F I G U R E  2 U V - V I S ,  and I R  spec t ra  
o f  HMTTeF complexes w i t h  seve ra l  
TCNQs(in K B r ) .  

1 2 3 4 5 6 7  

FIGURE 3 E m p i r i c a l  r e l a t i o n -  
s h i p  between hoCT and l o g G T  
o r  Ea. 

nuq (id m-l, 

t end ing  below 4 ~ 1 0 ~ c r n - ~  can be observed i n  nomina l l y  i o n i c  HMTTeF 

complexes. 

HMTTeF.F4TCNQ complex...This complex i s  un ique among t h e  F4TCNQ 

complex ever  obta ined(Tab1e 2 ) .  1 :  1 F4TCNQ complexes a r e  i n s u l a t o r s  

due t o  complete CT u s u a l l y ,  and sometimes Mot t  i n s u l a t o r s .  But t h e  

o n l y  excep t ion  i s  t h e  HMTTeF complex. I n  genera l ,  comp le te l y  i o n i c  

complex e x h i b i t s  a sharp I R  spectrum which can be a superimpose o f  

t h e  i o n i z e d  components(donorT and acceptor ' ) .  Whi le ,  i n  t h e  case 

o f  h i g h l y  conduc t i ve  p a r t i a l  CT complexes l i k e  HMTTeF complexes o f  

FTCNQ, TCNQ, and Me2TCNQ, t h e  I R  spectrum i s  comp le te l y  obscured 

by t h e  i n v a s i o n  o f  i n t rabend  t r a n s i t i o n  band. A l though  t h e  I R  spec- 

t rum o f  HMTTeF.F4TCNQ i s  broadened by o v e r l a p p i n g  o f  t h e  e l e c t r o n i c  

a b s o r p t i o n  band i n  I R  r e g i o n ,  t h e  spectrum i s  d e f i n i t e l y  sharper 

than  t h a t  i n  F i g u r e  2 and t o t a l  f e a t u r e  i s  much s i m i l a r  t o  t h a t  o f  

i o n i z e d  F,+TCNQ(Figure 4 ) .  The re fo re  i t  i s  l i k e l y  t o  conclude t h a t  

t h e  i o n i c i t y  o f  t h i s  F4TCNQ complex i s  v e r y  c l o s e  t o  u n i t y .  
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340 G. S A I M  etal. 

The redox parameters(Tab1e 

plex is fully ionic. 
Actually a preliminary 
Raman experiment estimates 
the ionicity to be unity 
for the complex. 
Nevertheless the complex 
is conductive. In the 
electronic spectra, the 
HMTTeF.F4TCNQ is the only 
one which exhibits a band 
below 4x103cm-' among 
the F4TCNQ complexes in 
Table 2. Other absorp- 
tions in HMTTeF.F4TCNQ 
are assigned to those 
observed in K.F4TCNQ 
(Figure 4). At this 
moment the assignment 
o f  the low energy band 
o f  the HMTTeF complex 
cannot be made. Even- 
though, we can give 
the following remarks: 
The 1:l F4TCNQ com- 
plexes in Table 2 are 
insulators mainly due 

FIGURE 4 
complexes ( i n KBr) . U V - V I S  and IR spectra of F4TCNQ 

to complete CT and U u 4 t .  In the case of the HMTTeF complex, howev- 

er, it is plausible that effective U is decreased and band width 4t 
is increased due to big polarizability, big orbital overlap, and 
small electronegativity resulting in us4t; very narrow gap semi- 
conductor. We need more study to confirm this. 
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