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CRYSTAL STRUCTURES AND ELECTRICAL PROPERTIES OF TTF 
SALTS WITH TIN(1V) CHLORIDE ANIONS 

GEN-ETSU MATSUBAYASHI, KOSUKE UEYAMA, and TOSHIO TANAKA 
Department of Applied Chemis t ry ,  F a c u l t y  of Eng inee r ing ,  
Osaka U n i v e r s i t y ,  Yamada-okay S u i t a ,  Osaka 565, J apan  

A b s t r a c t  S e v e r a l  TTF sa l t s  w i t h  t i n (1V)  c h l o r i d e  
a n i o n s  have  been p repa red :  [TTF][SnR2C13] (R = M e  and 
E t ) ,  [TTF]2[SnR2C14] (R = C 1  and Ph) ,  [TTF]3[SnR2C14] 
(R = C 1 ,  Me, and E t ) ,  and [TTF]3.3[SnPh2Cl&]. 
behave as semiconductors  w i t h  e l ec t r i ca l  res is t ivi t ies  

9 (p) i n  t h e  range  l x ( 1 0  - 10 ) R cm as compacted p e l l e t s  
a t  25 " C .  X-Ray c r y s t a l  a n a l y s e s  have r e v e a l e d  t h a t  
[TTF] [SnMe2Cl3] (p25 

[TTFI3[SnR2Cl4] (R = C 1 ,  Me, and E t )  (p25oc = 16 - 410 
R cm) c o n t a i n  t h e  TTF t r imeric  u n i t s  which are l o c a t e d  
p e r p e n d i c u l a r l y  t o  each  o t h e r ,  forming a two- 
d imens iona l  s h e e t  w i t h  somewhat c l o s e  s u l f u r - s u l f u r  
c o n t a c t  among t h e  trimers. 

They 

= 1.3 X107 R cm) c o n s i s t s  of  
bo th  t h e  d imer i c  (TT 2 ) 2  and (SnMe2C13-)2, and t h a t  

INTRODUCTION 

Meta l  h a l i d e  a n i o n s  may b e  of i n t e r e s t  as c o u n t e r  p a r t s  t o  

p r e p a r e  t e t r a t h i a f u l v a l e n e  (TTF) r a d i c a l  c a t i o n  s a l t s  s i n c e  

t h e  s t a c k i n g  of TTF r a d i c a l  c a t i o n s  (and molecu le s )  i n  t h e  

s a l t s  may be  i n f l u e n c e d  by t h e  geometry and t h e  fo rma l  

cha rge  of c o u n t e r  a n i o n s .  I n  t h i s  connec t ion ,  TTF r a d i c a l  

c a t i o n  s a l t s  w i t h  mercury,  copper ,  and gold  h a l i d e  a n i o n s  

have been r e p o r t e d  so  f a r .  l Y 2  Here, w e  r e p o r t  t h e  p repa ra -  

t i o n  and e l e c t r i c a l  res is t ivi t ies  of s e v e r a l  TTF salts w i t h  

t in (1V)  hexach lo r ide  and d io rgano t in (1V)  c h l o r i d e  a n i o n s .  

The r e s i s t i v i t i e s  a r e  d i s c u s s e d  based  on e l e c t r o n i c  r e f l e c -  

t a n c e  s p e c t r a  and X-ray c r y s t a l l o g r a p h i c  a n a l y s i s .  
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216 G. MATSUBAYASHI. K. UEYAMA AND T.  TANAKA 

EXPERIMENTAL 
The reaction of [TTFI3[BF ] with SnCl in acetonitrile gave 

[TTFI2[SnCl6] (A) and [TTFI3[SnCl6] (2). 
[TTFI3[BF4l2 with SnR2C12 (R = Me and Et) in the presence of 
[PPh3CH2Ph]Cl in acetonitrile yielded [TTF][SnR2C13] (R = Me 
(2) and Et (2)) and [TTFI3[SnR2Cl4] (R = Me (5) and Et (i)). 
A similar reaction of [TTFI3[BF ] 
[TTFI2[SnPh C1 ] ( i ) .  
containing [NBu ] [SnC16] or [PPh3CH2Ph]Cl/SnR2C12 (R = Me 
and Et) as a supporting electrolyte afforded also salts 5 -  
7. On the other hand, the electrolysis of TTF in aceto- 

nitrile in the presence of [PPh3CH2Ph]C1/SnPh2C12 gave 

[TTF13.3[SnPh2C141 (5). 

4 2  4 
The reactions of 

with SnPh2C12 afforded 4 2  
Electrolysis of TTF in acetonitrile 

4n 
4 2  

- 
X-Ray crystallographic analyses have been performed 

for the following salts. 
Crystal data: 
c. 2: Triclinic, space group Ei, 5 = 9.348(1), b = 

10.475(1), 2 = 8.4517(9) A ,  c1 = 92.47(1), 
102.53(1), y = 109.27(1)", v = 756.7(2) A , 5 = 2 .  

5: Tetragonal, space group p4/+, 5 = 11.807(1), 5 = 

0 

= 
"3 

0 O 3  
c. 

11.861(2) A, 1 = 1653.5(6) A , z = 2. 

6: Tetragonal, space group x4/+ ,  5 = 11.725(1), 2 = 
0 O3 

e 0 - 0 3  

- 
12.194(3) A, 1 = 1676.4(5) A , z = 2. 

7: Tetragonal, space group I4cm, 5 = 11.710(3), 5 = 

25.242(7) A, - V = 3461(2) A , z = 4. 

RESULTS AND DISCUSSION 
Electrical specific resistivities (p) of the salts measured 

for compacted pellets at 25 OC and activation energies (E,) 
calculated from the equation p = poexp(Ea/kT) are listed in 
the Table, which shows also the band maxima of powder 

electronic reflectance spectra of the salts. All the salts 
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TTF SALTS WITH TIN(1V) CHLORIDE ANIONS 217 

TABLE 

reflectance spectra of the TTF salts 

Electrical properties and powder electronic 

Salt 
char e transfer band 

'25OC Ea / 103 cm-1 
R cm eV TTF*/TTF~ TTF*/TTF' 

[TTFI2[SnCl6] (i)a' 6.6X1O3 0 .24  12.5 

[TTF][SnMe2C13] (i)b) 1 . 3 ~ 1 0 ~  0.31 12.1 

[TTF] [SnEt2C13] (2) 2.1X108 0.53 12.5 

[TTFI2[SnPh2Cl4] ( 4 _ )  9.0X108 0.60 12.8 

[TTFl3[SnCl61 (2) a) 4 .  1x102 0 . 2 3  9.0 

[TTFI3[SnMe2Cl4] ($)b) 1.6x10 0.028 9.0 

[TTFI3[SnEt2Cl4] (z) 4.2X10 0.13 8.8 

[TTF]3.3[SnPh2C14] (i) 2 . 9 ~ 1 0 ~  0.28 12.8 8.8 

a) Ref. 3 .  b) Ref. 4 .  

behave as typical semiconductors in the temperature range 

measured; -20 - +40 "C. 

The crystal structure of 2 consists of both dimeric 

Since the (TTFt)2 and (SnMe2C13-)2, as shown in Fig. 1. 
(TTF-) dimers are located separately, the salt exhibits a 

large resistivity. 

exhibits a band around 12100 cm-l which is assignable to the 

TTF=/TTF' transition (see Table).' 

have the crystal structure consisting of the (TTF*)2 dimers 

located separately to each other, based on the reflectance 
spectrum and its large electrical resistivity. On the other 

hand, the resistivity of is considerably small, although 

it is likely to contain the dimeric (TTFo)~ units based on 
the reflectance spectrum. Thus, the dimeric units seem to 

construct a columnar structure with somewhat short spacing 

+ 
2 

The powder reflectance spectrum of 2 

+ +  Salt f t  also seems to 
+ 

+ 
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between them. 

G .  MATSUBAYASHI, K .  UEYAMA AND T .  TANAKA 

The X-ray a n a l y s i s  of L i s  now i n  p rogres s .  
+ o +  The s t r u c t u r e  of 2 i n v o l v e s  TTF*/TTF /TTF* trimeric 

u n i t s  w i t h  t h e  e c l i p s e d  o v e r l a p ,  which are a r r anged  perpen- 

ducu la r ly  t o  each  o t h e r  w i th  t h e  s u l f u r - s u l f u r  c o n t a c t  of 

3.705(2) A between t h e  trimers t o  form a two-dimensional 
0 

2 TTF-sheet. 

ment of TTF molecules  as 5. 
wi th  t h e  e c l i p s e d  TTF-overlap having  t h e  molecu la r  spac ing  

of 3.499(2) A.  The t i n  atom of [SnMe2C14] is l o c a t e d  on 

(O,O,O) and(1 /2 ,1 /2 ,0)  w i t h  a d i s o r d e r  w i t h  r e s p e c t  t o  t h e  

methyl groups and c h l o r i n e  atoms on t h e  p l a n e  (F ig .  2 ) .  

Furthermore,  t h i s  s a l t  c o n t a i n s  somewhat s h o r t  s u l f u r -  

S a l t  2 a l s o  h a s  e s s e n t i a l l y  t h e  same ar range-  

They i n v o l v e  t h e  t r i m e r i c  u n i t  

0 2- 

s u l f u r  c o n t a c t  (d = 3.649(2) A) between the t r i m e r i c  u n i t s  

compared w i t h  t h e  sum of t h e  van d e r  Waals r a d i i  of s u l f u r  

FIGURE 1. C r y s t a l  s t r u c t u r e  

p r o j e c t e d  a long  t h e  b* a x i s .  

drawn a t  t h e  30% p r o b a b i l i t y  

of [TTF][SnMe2C13] (2) 

level.  

Thermal e l l i p s o i d s  are 
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TTF SALTS WITH TIN(1V) CHLORIDE ANIONS 219 

FIGURE 2. 

projected along 2 and axes. Thermal ellipsoids are 

drawn at the 30% probability level. 

Crystal structure of [TTFI3[SnMe2Cl4] (5) D
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220 G. MATSUBAYASHI. K. UEYAMA AND T.  TANAKA 

FIGURE 3 .  C r y s t a l  

s t r u c t u r e  of [TTF] - 
[ SnEt2C14] (0 p r o j e c  

a long  c and a axes .  

Atoms are drawn w i t h  

a r b i t r a r y  i s o t r o p i c  

thermal  f a c t o r s .  

3 
t ed 

t h e  
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TTF SALTS WITH TIN(1V) CHLORIDE ANIONS 22 I 

atoms (3.7 A ) ,  which results in a two-dimensional TTF-sheet 

parallel to the c plane. Salt also crystallizes in the 

tetragonal system, and the molecular packing is similar to 

that of $, as shown in Fig. 3; the ethyl groups and chlorine 
atoms are disordered on the c plane and TTF molecules form 
a trimeric unit with the molecular spacing of 3.46(2) A. 

The overlap of cofacial TTF molecules within the unit 

deviates from the eclipsed mode with a lateral shift (0.79 

A) along the c axis. This salt also constructs a two- 

dimensional TTF-sheet parallel to the s plane, with sulfur- 
sulfur contacts (d' = 3.69(2) A) between the trimers. Salts 

5 - L exhibit much smaller resistivities than 2. 
suggests the electrical conduction through the two- 

dimensional TTF-sheets in salts 2- 2.  These salts show a 

broad reflectance band around 9000 cm-l (see Table) due to 

the electronic transition between TTF* and TTF . Moreover, 

we have revealed a very similar crystal structure consisting 

of the TTF trimeric units in [TTF] [PtC16] which was 

obtained from the diffusion reaction of TTF with [NBu 1 - 
[PtCl ] in acetonitrile. Thus, metal chloride dianions 

with an octahedral geometry may stabilize the crystals in 

the tetragonal system, where the molecular packing consists 

of the TTF trimeric units. 

0 

0 

0 

0 

This 
c 

+ 0 

n 3 

4 2  

6 

Salt 2 shows two reflectance bands around 12800 and 
+ + o  8800 cm-l, which are assignable to TTF*/TTFf and TTF'/TTF 

transitions, respectively. Thus, may assume a columnar 

structure, based on its relatively small resistivity. 

Similar spectral behaviors and resistivities (p250c = 

1x(102 -10 ) Q cm) have been observed in TTF salts with 

bis(oxalato)platinate(II) and -cuprate(II) anions8 and with 

[MX4I2- anions (M = Cd and Zn; X = C1, Br, and I). 

4 

9 
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