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THE STUDY OF CHARGE TRANSFER COMPLEXES OF BEDT-TTF DERIVATIVES 

GUN21 SAITO, I n s t .  S o l i d  S t a t e  Phys ics,  Univ .  o f  Tokyo, Tokyo, 
HlTOSHl HAYASHI ,  Nippon Denso Co., L td . ,  K a r i y a  and IMS, 
TOSHlAKl E N O K I ,  H l R O D  I N O K U C H I ,  I n s t .  Mo lecu la r  Science, Okazaki 

A b s t r a c t  We have synthes ized BEDT-TTF d e r i v a t i v e s ,  which i n -  
c lude  e i g h t  s u l f u r  atoms per molecule,  and prepared severa l  
charge t r a n s f e r  (CT) complexes w i t h  TCNQs, p-quinones, and TCNEs 
i n  o r d e r  t o  c l a r i f y  t h e  s t e r i c  e f f e c t  o f  s u b s t i t u e n t s ;  R. Some 
o f  the  CT complexes revealed h i g h  c o n d u c t i v i t i e s .  

INTRODUCTION 

I t  has been w e l l  demonstrated t h a t  t h e  ex tens ion  o f  TTF s k e l e t o n  

by a l k y l t h i o  groups makes t h e  donor e x c e l l e n t  even than TMTSF con- 

c e r n i n g  the  o n - s i t e  Coulomb r e p u l s i o n ,  i o n i z a t i o n  p o t e n t i a l ,  and 

p o l a r i z a b i l i t y .  Furthermore, t h e  a l k y l t h i o  s u b s t i t u t e d  TTF d e r i v a -  

t i v e s  a r e  p romis ing  donors t o  y i e l d  new o r g a n i c  me ta l s  i n  which t h e  

increased d i m e n s i o n a l i t y  i s  expected. ’  

a survey o f  CT complexes o f  BEDT-TTF d e r i v a t i v e s .  

I n  t h i s  s tudy  we w i l l  make 

RESULTS 

BEDT-TTF d e r i v a t i v e s  a r e  syn thes i zed  acco rd ing  t o  a combinat ion 

o f  severa l  repo r ted  procedures as shown i n  F i g u r e  1 and some p rop -  

e r t i e s  o f  them a r e  A l l  these donors have t h e  same i o n i -  

z a t i o n  p o t e n t i a l ,  and a r e  expected t o  have t h e  same p o l a r i z a b i l i t y ,  

and o n - s i t e  Coulomb r e p u l s i o n .  I n  Table 1 a r e  summarized c o n d u c t i v -  

i t y  data,  CT energ ies ,  and o t h e r  p r o p e r t i e s  o f  t h e  CT complexes on  

powdered samples. From the  Table,  t h e  f o l l o w i n g  remarks can be 

withdrawn; 
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342 G. SAITO et al. 

F igu re  1 

am mHm BEDT-TTF I' (hUCT)=6.ieV 17 
y e l l o w  powder 
rn.p.265'12, m / e  412 

I 1  

c1%:X) Sp.Gr. 1.64g/cm 
Y 

BPDT-TTF I- fhU,,) =6.2eV 

1 .  w i t h  TCNQ and F4TCNQ**.Al l  TCNQ complexes a r e  good conductors  

and the o r d e r  o f  t h e  c o n d u c t i v i t y  i s  BMDT->BEDT->BPDT-TTF complex 

r e f l e c t i n g  the  b u l k i n e s s  o f  t h e  s u b s t i t u e n t s ;  R .  Our TCNQ complexes 

a r e  n o t  so conduc t i ve  as repo r ted  by Mizuno e t  a l S 3  A lso  BMDT-TTF. 

F4TCNQ i s  r a t h e r  conduc t i ve  among seve ra l  F4TCNQ complexes o f  TTF 

d e r i v a t i v e s ,  which a r e  u s u a l l y  poor conductors .  From IR spectrum, 

t h i s  complex i s  con f i rmed  t o  be f u l l y  i o n i c .  The good c o n d u c t i v i t y  

may come f rom t h e  decreased o n - s i t e  Coulomb r e p u l s i o n ,  increased 

band w i d t h  due t o  the  increased d i m e n s i o n a l i t y  and a l s o  t o  t h e  

molecular  f l a t t n e s s .  

2. w i t h  HCBD and TCNE..-BMDT-TTF g i v e s  conduc t i ve  complexes w i th  

HCBD and TCNE i n  which t h e  s t o i c h i o m e t r y  i s  2 : l .  The h i g h  conduc t i -  

v i t y  may be asc r ibed  t o  the  p a r t i a l  CT. Other donors g i v e  i n s u l a t o r s  

o f  1 : l  s t o i c h i o m e t r y  w i t h  nomina l l y  i o n i c  ground s t a t e .  

3 .  w i t h  p - q u i n o n e s - - . A l l  p-quinone complexes i n  Table 1 a r e  i n s u l a -  

t o r s  except BEDT-TTFsQ(CN)~ i n  which t h e  donor component i s  excess. 
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THE STUDY OF CHARGE TRANSFER COMPLEXES OF BEDT-TTF D E W A T N E S  343 

i t  i s  w e l l  known t h a t  t h e  TABLE I physical data of 
coanplexes of BEDT-?TF derivatives. v i b r a t i o n a l  spectrum o f  t h e  

complex can be used t o  i d e n t i f y  

t h e  i o n i c i t y  o f  t h e  ground 

s t a t e  o f  t h e  complex. I n  F i g u r e  

2, I R  spec t ra  of severa l  TCNQ 

complexes a r e  compared on K B r  

p e l l e t .  BMDT-TTF g i v e s  v e r y  

broad s t r u c t u r e l e s s  spectrum 

due t o  o v e r l a p p i n g  o f  e l e c t r o -  

n i c  a b s o r p t i o n  w i t h  the  peak a t  

ca.3200cm-' (curve b ) .  T h i s  

f e a t u r e  i s  c h a r a c t e r i s t i c  o f  

h i g h  conduc t i ve  m a t e r i a l .  BEDT- 

TTF g i ves  two forms, one shows 

broad spectrum due t o  p a r t i a l  

CT (cu rve  c)  and the  o t h e r  

shows sharp spectrum (cu rve  d) 

which i s  a superimpose of those 

o f  n e u t r a l  components. Repro- 

d u c i b i l i t y  o f  y i e l d i n g  o f  t h e  

l a t t e r  phase i s  very poor .  

BPDT-TTF a l s o  g i v e s  broad spec- 

t rum due t o  p a r t i a l  CT. A l l  the 
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complexes i n v e s t i g a t e d  i n  t h i s  work except  t h e  TCNQ complex r e p r e -  

sented by c u r v e  d a r e  Judged t o  be n o m i n a l l y  i o n i c .  Among them, 

BMDT-TTFaHCBD, BMDT-TTF.TCNE, and BEDT-TTF.Q(CN)* e x h i b i t  e l e c t r o -  

n i c  a b s o r p t i o n  bands ex tend ing  t o  I R  r e g i o n , i n  a d d i t i o n  t o  above 

t h r e e  TCNQ complexes. 

There i s  a good c o r r e l a t i o n  between t h e  c o n d u c t i v i t y  ( o r  a c t i -  

v a t i o n  energy) and the  p o s i t i o n  o f  t he  CT band o f  t h e  powdered sam- 

p l e s  as i s  d e p i c t e d  i n  F i g u r e  3 ,  which demonstrates t h a t  t h e r e  a r e  

h i g h  p o s s i b i l i t y  o f  g e t t i n g  m e t a l l i c  s i n g l e  c r y s t a l s  i n  t h e  com- 
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4000 3000 2000 cm-' 1000 250 

FIGURE 3 l o g P R T  vs  hPCT 

L i n e  i s  a gu ide  t o  t h e  eye. 

- 1  

FIGURE 2 
of  BEDT-TTF d e r i v a t i v e s .  

I R  spec t ra  o f  TCNQ complexes 

a; TCNQ, b; BMDT-TTF.TCNQ, 
c,d; BEDT-TTFsTCNQ, 
e; BPDT-TTF-TCNQ, 
f ;  KaTCNQ. 

p lexes BMDT-TTF-TCNQ, BMDT-TTF.HCBD, BMDT-TTF-TCNE, BEDT-TTF.TCNQ 

BEDT-TTF.Q(CN) *, and BPDT-TTFvTCNQ. 
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