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KINETIC ASPECTS OF TWO CHARGE-TRANSFER REACTIONS I N  THE ORGANIC 
SOLID STATE 

ANDRE BRAU, 3EAN-PIERRE FARGES AND FERHAT ALI-SAHRAOUI 
Laboratoire de Biophysique, Un ive rs i t k  de Nice - Sophia A n t i p o l i s  
Parc Valrose - 06034 NICE CEDEX, France 

Abstract  K i n e t i c  aspects o f  some s o l i d - s o l i d  organic charge-tran 
s f e r  react ions are considered i n  the present paper by means 
o f  observations under a microscope or, i n d i r e c t l y ,  through 
DC conduc t i v i t y  measurements. 

Charge-transfer react ions occur d i r e c t l y  i n  the organic s o l i d  s t a t e  

between donors TEA?- (triethylammonium iod ine lo r  TTF ( t e t r a t h i a f u l v a -  

lene) and acceptor TCNQ (tetracyanoquinodimethane) . For TEA+I-/TCNQ 

composites, only spectroscopic i n f r a r e d  measurements' were c a r r i e d  

out, whereas f o r  TTF/TCNQ composites several  phys ica l  p roper t i es  

such as DC conduct iv i ty ,  I R  spectroscopy, EPR and thermopower were 

invest igated 29394 .  All these p roper t i es  depend q u i t e  s e n s i t i v e l y  

on the y i e l d  o f  the react ion.  Thei r  analys is  requi res time-indepen- 

dent data. 

I n  t h i s  paper, we repo r t  on k i n e t i c  aspects and on the y i e l d  

o f  the react ions improved by g r ind ing  the reactants  together.  

A t  room temperature, the k i n e t i c s o f  the reac t i on  can be i nves t i ga -  

ted d i r e c t l y  under microscope a t  the j u n c t i o n  between two m ic roc rys ta l s  

o f  TEA'I- and TCNQ ( f i g .1 )  or between powders o f  TTF and TCNQ brought 

i n  contact  between two microscope s l i des .  The r e a c t i o n  is evidenced 

by a change i n  colour a t  the j u n c t i o n  o f  the two reactants  and i t s  

r a t e  is evaluated by measuring the mean d i f f u s i o n  l eng th  d ( f i g . 1 )  

a t  the TCNQ s ide a t  d i f f e r e n t  i n t e r v a l s  o f  time. 

F igure 1 shows t h a t  the r e a c t i o n  f r o n t  is located on 

the TCNQ c r y s t a l  (or i n  the TCNQ powder f o r  t h e  TTF/TCNQ react ion) .  

As a consequence, d i f f u s i o n  occurs from the donor towards the  

acceptor. I n  the case o f  TEA?-/TCNQ, the TEA1 c r y s t a l  gets  p rog ress i -  

vely smal ler  and smaller whereas t h e  TCNQ c r y s t a l  is blackened. 
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I32 A .  BRAU, 3-P. FARCES AND F. ALI-SAHRAOUI 

0.75 h 

3.08 h 

2 h  

4.17 h 

5.83 h 

8.25 h 

FIGURE 1 Example of a solid-solid charge-transfer reaction 
between single crystals of : ( A )  acceptor TCNQ and (B)  donor 
TEA'I-. The given time t (in hours) is from the instant (t = O )  
at which the two crystals were put in contact. The diffusion 
length d is measured as indicated in the figure. 
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KINETICS OF ORGANIC SOLID-STATE REACTIONS 133 

2 Plots o f  d = f (t), reported on figure 2 for TEA+I-/TCNQ and on figure 
3 for TTF/TCNQ samples, are nicely linear, thus indicating that 
a typical diffusion law is obeyed. 

FIGURE 2 Square of the diffusion length d ver+su_s time for 
the solid-state reaction between crystals of TEA I and TCNQ 
(from fig.l): note that reaction starts at to, t = 0 is the 
time when the two crystals are brought in contact. 

I I I 

.04 - 

t (days) 
0 in  

FIGURE 3 Square of the diffusion length versus time for 
the solid-state reaction between powders of TTF and TCNQ. 
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134 A. BRAU, 3-P. FARGES AND Fa ALI-SAHRAOUI 

From the  E ins te in  equation 

the d i f f u s i o n  c o e f f i c i e n t  i s  DTUI # 4.10-12m s-l f o r  TEA+I-/TCNQ 

c r y s t a l s  and DTTF # 1. I O - l 4 m  s-l 
The r a t e  o f  the react ion is higher i n  case o f  TEA'I- than 

i n  case o f  TTF (DTEAI/DTTF # 400), a d i f f e rence  which may be due 

t o  s t r u c t u r a l  aspects : c r y s t a l  w i t h  TEA'I-, powder w i t h  TTF. TEA?- 

molecules are o f  smal l  s i ze  compared t o  TCNQ or TTF molecules, however. 

Diffusion i n  the bulk  o f  t he  TCNQ l a t t i c e  i s  not  otherwise p laus ib le .  

A process which seems more acceptable consis ts  i n  format ion o f  cracks 

i n  the s o l i d  TCNQ ma t r i x  fo l lowed by format ion o f  channels through 

which reactants can d i f f u s e .  The process would be repeated over 

and over again u n t i l  the end o f  t he  react ion.  With a donor o f  s t i l l  

smaller size, such as K I  (potassium iod ine) ,  t he  d i f f u s i o n  process 

occurs a f t e r  a long time (several  days), then i t  stops a f t e r  a very 

shor t  d i f f u s i o n  length.  This suggests t h a t  the r a t e  i s  not  improved 

by the ca t i on  s ize bu t  i s  ra the r  func t i on  o f  t he  acceptor a f f i n i t y ,  

the i o n i c i t y  o f  the donor and o f  the Madelung energy o f  the two 

i o n i c  species. 

d = 2 D t  - 

f o r  TTF/TCNQ powder . 

The r a t e  o f  the reac t i on  TTF/TCNQ i s  improved by g r ind ing  donor 

and acceptor together. I t s  y i e l d  i s  evaluated versus t ime by ca r ry ing  

out  some phys ica l  measurements on smal l  amounts o f  mix ture taken 

from the gr ind ing box a t  d i f f e r e n t  i n t e r v a l s  o f  time. Under these 

condi t ions,  DC conduct iv i ty ,  EPR and thermoelect r ic  measurements 

were invest igated a room temperature f o r  d i f f e r e n t  concentrat ions 

x o f  donor TTF. 

From observations e a r l i e r  mentionned ( f i g . 1 ) )  the reac t i on  

s t a r t s  a t  the contact po in ts  (or zones) between reactants  and 

progresses r a d i a l l y  from these po in ts  ( f i g .1 ) .  The g r a i n  s izes 

o f  donor and acceptor decrease on gr inding, thus increas ing the  

number o f  contact zones and improving s t a t i s t i c a l l y  the k ine t i cs .  

However, these k i n e t i c s  are l a r g e l y  governed by the  proper mechanical 

condi t ions used i n  the  g r ind ing  machine (number o f  b a l l s ,  frequency, 

mass o f  the reactants ... ) so t h a t  the scale o f  t ime i s  somewhat 

a r b i t r a r y .  I n  a l l  our experiments the same experimental process 

i s  used t o  have a common scale o f  time. 
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KINETICS OF ORGANIC SOLID-STATE REACTIONS 135 

The best information on how fast the C-T reaction yield is 
progressing into the bulk of the composite upon continued mechanical 
grinding,is obtained from DC conductivity measurements. The conductivi- 
ty is observed to increase steeply, as a function of the grinding 
time t, up to a high maximum a M  attained at a time tM. Then, for 

5 larger values of t, u starts to be a slowly decreasing function 
of t. The time tM may be identified with the time at which the reaction 
yield reached its optimal value. The subsequent slow decrease of 
u reflects only the sensitivity of charge mobilities t o  the increa- 
sing number of grain joints. Additionnally, it has been shown,in 
the particular case of equimolar TCNQ/TTF composites, that the ther- 
mopower, at  first pos i t ive ,  is a decreasing function of t and attains 
its zero equilibrium value just after a grinding time which coin- 
cides with tM . 

Lastly,  it may be noticed that the grinding time tM required 
to have a complete C-T reaction in the composite is extremely depen- 

4 

dent on the molar fraction x of donor as shownh 

7 7  

figure 4. 

0 50 X %  

FIGURE 4 Variation of t versus the molar concentration x 
of donor TTF in the mixture #F/TCNQ. 

For instance, tM is at least 10 times higher for an equimolar compo- 
site, with x = 0.5, than for a composite with x = 0.03, i.e. corres- 
ponding to a high dilution of donor in the acceptor. We believe 
that the reason for such a difference is a purely statistical one. 
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