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SPIN AND CHARGE DISTRIBUTIONS ON CATIONS I N  (TMTSF),ClO, AND 
(TMTTF), BF, 
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TAKEHIKO ISHIGURO 
E l e c t r o t e c h n i c a l  Laboratory,  Tsukuba Research Center  305, 
Japan 
TOKIO YAMABE AND HIROYUKI TERAMAE 
Kyoto U n i v e r s i t y ,  Kyoto 606, Japan 
GUNZI  SAITO 
I n s t i t u t e  f o r  Molecular Science,  Aichi  4 4 4 ,  Japan 
(Present  Address: The I n s t i t u t e  f o r  Sol id  S t a t e  Phys ics ,  
Tokyo 106, Japan) 

+ + Abst rac t  Spin and charge d i s t r i b u t i o n s  on TSF and TTF are 
eva lua ted  based on t h e  molecular  o r b i t a l  c a l c u l a t i o n s  by 
f i t t i n g  t h e  a n i s o t r o p i c  observed g f a c t o r s  of (TMTSF),ClO, 
m d  (TMTF), BF4. 

INTRODUCTION 

(TMTCF)zX sa l t s ,  (C: chalcogens,  X: a n i o n s ) ,  e x h i b i t  a v a r i e t y  of  

e l e c t r o n i c  and magnetic p r o p e r t i e s  such as s u p e r c o n d u c t i v i t y ,  

charge d e n s i t y  wave, s p i n  d e n s i t y  wave and so  on depending on t h e  

conta ined  chalcogens and/or  an ions ,  To o b t a i n  a f u l l  understanding 

of t h e s e  subs tances ,  It i s  impor tan t  t o  know t h e  molecular  o r b i t a l s  

(MO's) of a TMTCF c a t i o n ,  because 'ir-electrons on t h e  c a t i o n  dominate 

t h e  e l e c t r o n i c  p r o p e r t i e s  o f  (TMCF),X. 

I n  t h i s  paper  w e  p r e s e n t  t h e  s p i n  and charge d i s t r i b u t i o n s  on 

(TMTSF),C104 and on (TMTF),BF, which are d e r i v e d  from t h e  f i t t i n g  

of  t h e  c a l c u l a t e d  ESR g f a c t o r s  t o  t h e  observed ones which show the 

c h a r a c t e r i s t i c  an iso t ropy .  

EXPERIMENTS AND CALCULATIONS 

X-band ESR experiments  have been c a r r i e d  out  f o r  (TMTSF),ClO4 a t  
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222 N. KINOSHlTA d al. 

4.2 K2 and f o r  (TMTTF),BF4 a t  room temperature .  
(TMTSF),ClO, e x h i b i t s  a broad ESR l ine  a t  room tempera ture ,  a 

p r e c i s e  g f a c t o r s  were decided by t h e  low tempera ture  experiments . )  

We found a l s o  t h a t  t h e  g f a c t o r s  of  TMTSF' i n  s o l u t i o n  are 

(Since  

2 + 
T h i s  means t h a t  t h e  TMTSF c o n s i s t e n t  with those  of  (TMTSF),ClO,. 

r e p r e s e n t  t h e  c a t i o n  in (T14TSF),C10b as f a r  as t h e  ESR g f a c t o r s  

are concerned. + 
Based on t h i s  f a c t  we c a l c u l a t e  MO's of TSF and t h o s e  of 

TTF i n s t e a d  of t h e  c a t i o n s  i n  (TMTSF),C104 and (TMlTF)2BF4 s o  t h a t  

t h e  c a l c u l a t i o n  can be t r a c t a b l e ,  u s i n g  t h e  semi-empir ical  SCF MO 

method f o r  t h e  va lence  e l e c t r o n  s y s t e m s n 3  

neglec ted  t h e  d - o r b i t a l  c o n t r i b u t i o n  of  Se and S. Parameters  used 

in t h e  c a l c u l a t i o n  are quoted from Yonezawa e t  a l .  except  a 

cons tan t  K appeared i n  the core resonance i n t e g r a l  and t h e  v a l u e s  

of  t h e  i o n i z a t i o n  p o t e n t i a l  I and of t h e  e l e c t r o n  a f f i n i t y  Ea  of 

S e  and S. 

b e s t  f i t t i n g  of t h e  c a l c u l a t e d  g f a c t o r s  t o  t h e  observed ones are 

13.32 e V  and 12.32 e V ,  r e s p e c t i v e l y .  Parameters  f o r  Se are given 

+ 

For  s i m p l i c i t y  we  

P 
Used v a l u e s  of  Ip and Ea  of  S which were decided by t h e  

DIRECTION OF Ho (D ig1  

FIGURE 1 Angular dependences o f  t h e  observed ( 0 0 )  and t h e  

c a l c u l a t e d  (---) g f a c t o r s  f o r  (TMTSF)~C~OI, and (TMTTF)pBF,. 
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SPIN AND CHARGE DISTRIBUTIONS ON CATIONS IN (TMTSF),CIO, AND ... 223 

i n  Ref. 2. For t h e  geometry of TTF , t h e  d a t a  i n  R e f .  4 are used. 
+ 

Figure  1 shows t h e  a n g u l a r  dependences of t h e  observed and 

c a l c u l a t e d  g f a c t o r s  f o r  (TMTSF),ClO, and (TMTTF),BF, i n  t h e  

molecular  p lane  of  t h e  f u l v a l e n e .  

l o n g e s t  axis of  t h e  f u l v a l e n e  and “y“ is  p e r p e n d i c u l a r  t o  “xl‘. 

The d i f f e r e n c e  i n  t h e  g f a c t o r  between (TMTSF),C10, and (TMTTFhBFr 

can be expla ined  i n  terms of  t h e  d i f f e r e n c e  i n  t h e  s p i n  o r b i t  

coupl ing  cons tan t  between S e  and S atoms. 

“x” i s  t h e  a x i s  p a r a l l e l  t o  t h e  

With t h e  computed MO’s, t h e  s p i n  d i s t r i b u t i o n  (Uk) and t h e  

charge d i s t r i b u t i o n  (Pk) of atom k are obta ined  as fo l lows;  

1 Uk = C i o  
Pk = Cio + 2 1 C i n  f 

OCC n i 
( 0.1409) 

0.1141 ( -0.4267 1 

H\C/se\ /”e \ C / H  

H NC \ / 
0.0434 0.1847 ( 0.5046) ( 0.2843) 

II c = c  

\ Se /\” 
II 

Se 

( a  1 ( b )  
+ 

FIGURE 2 Spin ( a >  and charge (b) d i s t r i b u t i o n s  on TSF . 

0. I233 

“ \ c / S \  0.0359 0.1818 (0.3944) ,s f 0.2246) C/H 

ti’ c /  ‘ \ 
II c = c  II 

( a )  I D 1  
H .. . \ S  S -  - .  

+ 
FIGURE 3 Spin (a )  and charge (b) d i s t r i b u t i o n s  on lTF . 
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224 N. KINOSHITA d al. 

where C 

which c o n s t i t u t e  M O ' s  and t h e  s u f f i x e s  "0" and 'In" r e p r e s e n t  t h e  

s i n g l e  occupied MO (SOMO) and t h e  o t h e r  M O ' s  except  SOMO. 

and C,, are the c o e f f i c i e n t s  of  t h e  atomic o r b i t a l s  ko 

RESULTS 

The der ived  s p i n  and charge d i s t r i b u t i o n s  i n  t h e  TSF' c a t i o n  are 

shown i n  Fig.  2. F igure  2 ( a )  ( l e f t  h a l f  of the f u l v a l e n e )  shows 

t h e  s p i n  d i s t r i b u t i o n  and Fig. 2(b) ( r i g h t  h a l f )  shows t h e  charge 

d i s t r i b u t i o n  ( i n  t h e  p a r e n t h e s i s ) .  The e q u i v a l e n t  s i tes  i n  TSF 

have t h e  same d i s t r i b u t i o n .  

4- 

+ Figure  2 shows t h a t  t h e  s p i n s  on TSF is more l o c a l i z e d  on 

t h e  i n n e r  carbon s i te  r a t h e r  than  t h e  selenium si te.  On t h e  o t h e r  

hand, n e g a t i v e  charges  are l o c a l i z e d  a t  t h e  selenium site w h i l e  

p o s i t i v e  charges  d i s t r i b u t e  on the o t h e r  sites. 

For comparison we show also t h e  s p i n  and charge d i s t r i b u t i o n s  
+ + + on a TTF c a t i o n  i n  Fig.  3. We found t h a t  TSF and TTF resemble 

i n  s p i n  and charge d i s t r i b u t i o n s .  
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