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ORGANIC CONDUCTORS : TCNQ 18s RADICAL SALTS 

DITHIOLJUh4 CATIONS 
WITH AL<KY LCHALCGC~ENOURONIUM AND 1. 2-  

J. AMZIL, M.BRUTUS, J .M.  CATEL, G ,  L E  COUSTUMER 
Y .  MOLLJER,  M .  S'IAVAUX 
Labor  a t o i r e  d e s  Coni posks  Thioor ganique s, I S M R  A 
Universi te  de  Caen,  14032 Caen Cedex, F r a n c e .  

Abs t r ac t  
with S and 
dithiolium 

-- Some complex ion 
Se-alkylchalcogenouroniuni cat ions and 1. 2-  
cat ions w e r e  p repa red ,  The op t i ca l  s p e c t r a  

r a d i c a l  s a l t s  of TCNQ 

de te rmined  by diffuse r e f l ec t ance  and absorpt ion show 
four bands for  all conducting sa l t s .  
of corxpacted powders  are m e a s u r e d  a t  room t e m p e r a t u r e  
and for  s o m e  sa l t s  on single c r y s t a l s .  

E l e c t r i c a l  conductivity 

In the field of anion r a d i c a l  s a l t s  of TCKQ with o rgan ic  cat ions,  

we have p r e p a r e d  borne new r , a t e r i a l s '  

uronium, alkylsclenouronium and 1. 2-dithioliuni as counter  ions.  

Tab le s  1 and I1 shox the ion 

s toichionietr ies  and the i r  e l e c t r i c a l  conductivit ies on powders ,  

including alkylthio- 

r a d i c a l  s a l t s  with 1/2 and 2/3 

O F 3 I C A L  P R O P E R T I E S  

The  solid s t a t e  absorpt ion s p e c t r a  were  m e a s u r e d  on powders  

in  c o m p r e s s e d  KBr  pel le ts ,  between 40000 cm-' and 200 c m  

by diffuse ref lectance in  the UV and n e a r  I R  r ange  b y  t r a n s -  

r r i s s i o n  in the I R  region, according to3,  

t h r e e  bands label led B, C and P by o t h e r  a u t h o r s 4 ,  The D band 

in  the range 26000-27000 cm-'  can  be at t r ibuted to TCNQ, For 

s a l t s  3 we a l s o  obse rve  in  th i s  region the absorpt ion of the 1. 2- 

dithiolium cation, The C band a t  about 16000 crrt-' is gene ra l ly  

-1 

All s p e c t r a  shou, the 
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358 J .  AMZIL et al. 

attributed to the presence  of the dirr.er (TCNQ-)2 5 .  

energ ies  the peak appearing n e a r  10500 cm-' and noted E o r  CT, 
band6 has  been assigned to t ransi t ion between TCIiQ- rad ica l  

anions4, 

conductivity this absorption would be due to intrarr.olecular t ran-  

s i t icns  of TCNC~' 5 6 7 .  

At low 

However f o r  1 / 2  s a l t s  exhibiting a relat ively high 

-? - 
F o r  all conducting s a l t s  1 and 2 >,0,1 (Rcm) the absorp-  

-1 tion d e c r e a s e s  to a minirrum n e a r  8000 cm 

roughly to the p lasma frequency, 

defined from specular  ref lectance c u r v e s  i s  6860 cm" 8 .  

1R region, the optical  densi ty  i n c r e a s e s  with decreas ing  energy 

to a peak centered a t  about 3000 cm-', 
o r  C?', IS is found in a l l  organic  conducting sa l t s ,  

that 

c rys ta l  conductivity of 70 (Rcrn)-' along the stack ax is  a t  room 

tempera ture  8 .  

corresponding 

F o r  2, the p l a s m a  frequency 

In the 

This  peak labelled A o r  

We can notice 

which exhibits such a peak a t  3000 cm-' h a s  a single 

ELECTRICAL COh-'DUCTIVITIES 

The electr ical  conductivities of ions rad ica l  sa l t s  1. a r e  dependent 

of the substituent on the chalcogen, Thus the conductivity i s  

about l o 3  t imes  higher with a S-ethyl than with a S-methyl ; 

but a new lengthening of the S-alkyl chain d e c r e a s e s  the conduc- 

tivity, In the N, N, N',N'-tetramethylchalcogenouronium s a l t s  

any significant change of conductivity is  observed with change 

in  the chalcogen atom. 

conductivities of ions rad ica l  s a l t s  3 is l e s s  typical, 

we notice an increasing of conductivity upon replacing aliphatic 

substi tuents by groups including available n e lectrons,  

The influence of substi tuents on the 

However 

Some single c r y s t a l s  of ions rad ica l  s a l t s  have been obtained 

and their  e lec t r ica l  conductivities along s tack axis m e a s u r e d  : 
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ORGANIC CONDUCTORS 359 

The c r y s t a l  s t ruc tu re  of 5-t-butyl-3-methylthio-1. 2 

dithioliurri 

complex sa l t  T M F D  (TCNC;), s .  T h e r e  are seg rega ted  s t a c k s  of 

TCD; 0 and ca t ions ,  the l a t t e r  being inclined a t  an angle of 40° to  

the stack axis,  Mean spacing between TCKQ units i s  3,24 A and 

TCNC: s t acks  have a zig-zag a r r angemen t ,  

m e a s u r e m e n t s  of this s a l t  as  function of terr ,perature in the 120 

to 284 K range  show a serriconducting behaviour with an e n e r g y  

gap of 0,18 eV, s i m i l a r  to the one of T M P D  (TCNC?), l o .  

(TChCt), is quite s i m i l a r  to the one found in  another  

0 

Elec t r i ca l  r e s i s t i v i ty  

TAB1 E I Conductivit ies of TCKC: ions r ad ica l  s a l t s  
with chalcogenouronium cat ions,  

1 x / y =  I/2 
~ - 3 6 - - ~ (  N R’R”), T C N 0’; c 1: 2 x / y = 2 / 3  

l a  S 

I b  s 
- 
- 

k& s 
I d  S 

l e  s 
I f  s 

- 
- 

-. 

a s  
lh Se 

l i  Se 

2a s 
2b S 

- 
- 
- 
- 

CH, 

CH, 
CH, 

C*H5 
‘ZH5 

n-C,H, 

n-C4Hs 

CH, 

= H, 
‘ZH5 

‘ZH5 

CH, H 

CH, CH, 
CH,- H 
CH, H 

CH, CH, 

CH, CH, 

CH, CH, 

CH, CH, 

CH, CH, 

‘ZH5 

C2H5 H 

4 x lo- ,  
3 .2  

8 x 

0.13 

0.35 
5 

4 x lo- ,  
3.7 
0.22 

5.5 

2 

k & : S-Methyl N, N’ethylenethiouronium cation 
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360 I. AMzILdd. 

TABLE I1 Gonductivities of TCNQ ions r a d i c a l  s a l t s  with 
1. 2-dithioliurn cat ions stoichiornietry 1/2 

3 TCNQ;' c 

S - - s  

C6H5 

H 

C6H5 

(CH, c 
H 

C6HS 

p-CH, O-C6H4 

CH, 
CH,S 

CH, S 

H 

C6HS 

H 

H 

CH, 
H 

H 
H 

CH, S 
6H5 

H 0 . 4  

H 0.6 
SCH, 0.75 

SCH, 8 x lo-'  
SCH, 7 lo - ,  

C6HS 0.37 

f l H , 0 - C 6 H 4  5 X lo - '  
CH, 8 x l o W 3  

CH, S 0 . 4  
CH, S 4 lo - ,  
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