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EFPECT OF THE SOLVENT USED FOR ELECTROCRYSTALLIZATION 
OF ORGANIC METALS 

H I R O Y U K I  A N Z A I  and MADOKA TOKUMOTO 
Electrotechnical  Laboratory, Sakura-mura, Niihar i -  
gun ,  Ibaraki  305, J A P A N  

CUNZI SAITO 
I n s t i t u t e  for  Sol id  S t a t e  P h y s i c s ,  The University 
of Tokyo, Roppongi, Minato-ku, Tokyo 106,  J A P A N  

Abstract  The property of the organic solvents  used 
fo r  the e l ec t roc rys t a l l i za t ion  d r a s t i c a l l y  a f f e c t s  
the qua l i ty  of the obtained c r y s t a l s ,  and t h i s  point  
has been carefu l ly  invest igated by u s i n g  TTT,  TMTTF, 
TMTSF and other reagents a s  the donor and severa l  
tetrabutylammonium s a l t s  as  the supporting 
e l ec t ro ly t e .  

I N T R O D U C T I O N  

The s t u d y  of organic metals s t rongly depends on whether good 

c rys t a l s  can be obtained or no t ,  as  exemplified by t h e  

r e l a t ion  between the c rys t a l  growth of TMTTF-TCNQ’ and its 

physical proper tie^.^-^ E lec t roc rys t a l l i za t ion  is one of 

the important methods t o  grow s ing le  c r y s t a l s  of organic 

metals. T h e  property of organic solvents  used f o r  t he  

e l ec t roc rys t a l l i za t ion  d ras t i ca l ly  a f f e c t s  the qua l i ty  of 

the  obtained c rys t a l s .  We have carefu l ly  invest igated t h i s  

point.  
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3 86 H. ANZAI, M. TOKUMOTO AND G. SAITO 

EXPERIMENTAL 

TTT, TMTTF, TMTSF and other r e a g e n t s  as t h e  d o n o r ,  and 

s e v e r a l  te t rabutylammonium sa l t s  as t h e  s u p p o r t i n g  

e l e c t r o l y t e  were used  f o r  c rys t a l  growth.  The cell  u s e d  f o r  

c r y s t a l  growth c o n s i s t s  o f  t h e  o u t e r  and i n n e r  q u a r t z  

v e s s e l s ,  a p a i r  of P t  e l e c t r o d e s  and T e f l o n  c a p s  as shown i n  

F i g .  1 .  The c r y s t a l  growth was c a r r i e d  o u t  i n  t h e  s o l u t i o n  

of a b o u t  5x10m5 M of donor  and 2 ~ 1 O - ~  M of t h e  

te t rabutylammonium Sa l t  d i s s o l v e d  i n  40-80 m l  of o r g a n i c  

s o l v e n t ;  t h e  c u r r e n t  of 1-10 PA was a p p l i e d  a t  room 

t e m p e r a t u r e  under  a n  a tmosphere  of n i t r o g e n  g a s  for  a p e r i o d  

of a b o u t  a month. The used  r e a g e n t s  and s o l v e n t s ,  and 

measured data  for  t h e  o b t a i n e d  c r y s t a l s  are l i s t e d  i n  Tab le  

I ,  and t h e  p i c t u r e s  of t h e  grown c r y s t a l s  are shown i n  

F i g . 2 .  

I I n @  

FIGURE 1 .  The c r y s t a l  g rowth  ce l l  for  e l e c t r o c r y s t a l -  
l i z a t i o n .  Dimensions are i n  mm. 
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EFFECT OF SOLVENT FOR ELECTROCRYSTALLIZATION 387 

TABLE I The measured d a t a  fo r  t h e  o b t a i n e d  c r y s t a l s .  

S o l v e n t  Donor Bu4NX Cell Volt- C u r r e n t  C r y s t a l  Size 

( X =  1 a g e  (V) (PA 1 (mm3) 

THF TTT C104 

C6H5C1 TTT C104 

O-C6HqC12 TTT C l O 4  

m-CgHqC12 TTT C104 

1 ,2,4-C6H3C13 TTT C l O 4  

C6H50CH3 TTT C104 

C6H5COCH TTT C104 

‘gHgN02 TTT C104 

‘gH6 TTT C104 

‘gHgCH3 TTT C104 

O’CgHqC12 TTT BF4 

O-CgHqC12 TTT PFg 

C6H5OCH3 TMTTF BF4 

C6H50CH3 TMTTF B r  

C6H50CH3 TMTTF 104 

CH2Cl-CHC12 TMTTF BF4 
C2H50H TMTTF BF4 
CH3CN TMTTF BF4 
CH2C1-CHC12 TMTSF C 1 0 4  

CgHgC1 HMTTF BF4 

CgH5C1 HMTTF PFg 

C6H5C1 HMTTF I3  
C6H5C1 HMTTF C 1 0 4  

0.75 

3.5 

1 . 5  

4.6 

>10 

5 .O 

1.5 

1.2-1.5 

> > l o  

> > l o  

2.0 

1 .6 

4.5 

5 .O 
4.0 

1 .5  

1.25 

2.25 

1 .6  
6 . 0  

4.3 
0.7 

3.9 

1.04 

0 .go 
0.95 

0.80 

0.4 

1.72 

2.13 

2.13 
- 

0.95 

0.95 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1.9 
1 .o 
1 .o 
1 .o 
1 .o 

0.01xO.01 x0.6 

0.05x0.02x3.0 

0 . 2 5 ~ 0 . 0 8 ~ 2 . 5  

0.7x0.02x0.5 

0.1 x0.05x2.2 

0.05x0.02x3.0 

0.05x0.02x2.0 

0.05x0.02x3.0 

none 

none 

0 . 1 5 ~ 0 . 0 8 ~ 2 . 7  

0 . 0 5 ~ 0 . 0 2 ~ 3 . 7  

1 .OxO.50x16.0 

powder 

none 

none 

0.1 0 ~ 0 . 0 8 ~ 4  .O 

none 

1.2x0.3x12.0 

none 

none 

none 

none 
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388 H. ANZAI, M.  TOKUMOTO AND G. SAITO 

FIGURE 2. P i c t u r e s  of c r y s t a l s  o b t a i n e d  from TTT and C l O i  
a n i o n s  i n  various o r g a n i c  solvents. 

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

1:
56

 2
0 

Fe
br

ua
ry

 2
01

3 



EFFECT OF SOLVENT FOR ELECTROCRYSTALLIZATION 

FIGURE 2. (continued) 

389 
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390 H. ANZAI, M. TOKUMOTO AND G .  SAITO 

FIGURE 2. (continued) 

DISCUSSIONS 

Polar solvents such as acetone, ethanol and acetonitril 
dissolved easily most tetrabutylammonium salts and other low 
molecular weight donors, and were suitable fo r  their 

electrocrystallization, but not for high molecular weight 
donors like HMTTF, TTT and BEDT-TTF. Aromatic solvents such 
as chlorobenzene, dichlorobenzene, anisole and nitrobenzene 
were suitable for electrocrystallization of high molecular 
weight donors as well as f o r  low molecular weight ones. 
Most halo-aromatic solvents and most halo-alkanes were also 
good solvents. They can presumably change chemically Bu3N 

or Bu2N-NBu2 produced by electrolytic reduction on the 
surface of cathode into a new electrolyte according to the 
reactions presented previously: 4 
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EFFECT OF SOLVENT FOR ELECTROCRYSTALLIZATION 

2Bu4N+ + e- + 2Bu4N- + 2Bu N + Bu-Bu 
3 

or + Bu2N-NBu + 2Bu-Bu 2 

fu r the r ,  

Bu N + R-Cl(so1vent) + Bu RN+Cl-* 

Bu2N-NBu 2 + R - C 1  -i Bu2RN+-NBu 2 C 1  

3 3 -* 

39 I 

( 1 )  

( 2 )  

where * ind ica tes  newly produced e l ec t ro ly t e .  

Benzene, toluene and other aromatic hydrocarbons can 

dissolve numerous tetrabutylammonium s a l t s  a s  a general  

r u l e ,  b u t  t h e  su lu t ions  prepared by t he  use of such solvents  

don't  carry e l e c t r i c  cur ren t ;  therefore  the  e f f ic iency  of 

the c rys ta l  growth is v e r y  low i n  such nonpolar solvents .  

In t h i s  case,  i t  may be expected t h a t  the  e l ec t ro ly t e  e x i s t s  

i n  a molecular s t a t e ,  i .e .  a contact ion-pair i n  the solvent  

without any e l ec t ro ly t i c  d i ssoc ia t ion .  HMTTF is a l i t t l e  

soluble  i n  nitrobenzene, chlorobenzene and te t rahydrofuran,  

b u t  almost insoluble  i n  other organic solvents .  However, 

many of HMTTF complexes synthesized from several  anions ( fo r  

example, C l O q ,  PF;, and B F q )  were more soluble  i n  t he  most 

organic solvents  without alkanes and aromatic 

hydrocarbones. I n  t h i s  case,  i t  was very d i f f i c u l t  t o  

obtain the s ing le  c rys t a l  of t he  HMTTF complexes by 

e l ec t roc rys t a l l i za t ion ,  which deserves evaluation of i t s  
physical propert ies .  BEDT-TTF is  soluble  i n  chlorobenzene, 

b u t  BEDT-TTF complexes obtained from anions of C l O ,  and BFq 

were insoluble i n  i t .  From such so lvents ,  we could obtain 

t h e i r  complexes only i n  the  form of powders or aggregate of 

microcrystals .  I t  is very in t e re s t ing  t h a t  we could de tec t  

only the  8-form from many c rys t a l s  of (BEDT-TTF)213 which 

were prepared from BEDT-TTF and Bu4N13 i n  chlorobenzene. 
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392 H.  ANZAI. M. TOKUMOTO AND G. SAITO 

There may be some re l a t ion  between the  s t ruc tu re  of the  

obtained c rys t a l  and the solvent used for  c rys t a l  growth. 

We w i l l  report  about t h i s  r e l a t ion  elsewhere. 

CONCLUSION 

We conclude tha t  su i t ab le  solvent fo r  c rys t a l  growth of 

organic charge t r ans fe r  complex by e l ec t roc rys t a l l i za t ion  

has a b i l i t y  t o  dissolve eas i ly  i t s  donors and supporting 

e l ec t ro ly t e ,  bu t  t o  dissolve s l i g h t l y  the  produced complex, 

from our r e s u l t s  which has been s tudied about c rys t a l  growth 

of organic metals by t h i s  time. 
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