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INFLUENCE OF RADIATION DAPlAGE ON THE OPTICAL 
PROPERTIES OF rwe 4 r,iePy ( T C N Q ) ~  

ROIIAIJ S\:IETLII< and ANDRZEJ GRAJA 
I n s t i t u t e  o f  l l o l e c u l a r  Physics,  P o l i s h  ilcademy 
o f  Sciences, 60-179 Poznari, Poland 

A b s t r e c t  I n f l u e n c e  o f  r a d i a t i o n  damage on t h e  
I f :  p r o p e r t i e s  o f  TCNQ s a l t s  w i t h  p y r i d i n i u m  d e r i -  
v a t i v e s  were discussed. The suggest ion i s  g i v e n  
t h a t  t h e  s a l t s  a r e  r l o t t e  i n s u l a t o r s .  

I IJTRODUCT ION 

I n f r a r e d  spec t ra  o f  TCNU i o n - r a d i c a l  s a l t s  a r e  m a i n l y  

determined by t h e  i n t e r a c t i o n  between e l e c t r o n s  and 
i n t r a m o l e c u l a r  v i b r a t i o n s .  Thus, one may expect t h a t  

t h e  I R  spectrum should be s e n s i t i v e  t o  a change i n  
charge d i s t r i b u t i o n  induced by  i r r a d i a t i o n  d e f e c t s ;  
t h e  same can be s e i d  about e l e c t r o n i c  e x c i t a t i o n s .  

:ie chose f o r  i n v e s t i g a t i o n  an i o n - r a d i c a l  s a l t  
IWe 4 MePy(TCr4Q) *. Some measurements were a l s o  c a r r i e d  
o u t  f o r  1\11le 3,5 I.lePy(TCrJQ)2; i n  b o t h  s a l t s  t h e  TCNU 

1 molecules a r e  grouped i n t o  weakly i n t e r a c t i n g  dimers. 

EXPERIMENTAL AND RESULTS 

I r r a d i a t i o n s  o f  s i n g l e  c r y s t a l s  were performed by f a s t  

(2.5MoV) e l e c t r o n s  O t  23. I< w i t h  s e l e c t e d  doses. We 

hove measured t h e  a b s o r p t i o n  spec t ra  o f  t h e  s a l t s  
u s i n g  a K B r  p e l l e t  technique as w e l l  as I R  r e f l e c t i o n  
spec t ra  o f  s i n g l e  c r y s t a l s .  

The a b s o r p t i o n  spec t ra  o f  t h e  s e l t s  show pronoun- 
ced change due t o  t h e  e l e c t r o n  i r r a d i a t i o n .  I R  s p e c t r a  
g r a d u a l l y  becomes more and more d e t a i l e d ,  t h e  broad 
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I30 R. SWETLIK AND A. GRNA 

l i n e s  sharpen, some o f  them even vanish,  and new ones 
appear; they show a l s o  weaker a b s o r p t i o n  f o r  some i n -  
t ramo lecu la r  normal I R  a c t i v e  v i b r a t i o n s  as  w e l l  BS 

f o r  v i b r a t i o n a l  f ea tu res  connected w i t h  t h e  complete ly  
symmetric modes o f  TCNQ [a 

9 
l i n g  w i t h  e lect rons.  I r r a d i a t e d  samples show d i s t i n c t -  
l y  weaker e b s o r p t i o n  due t o  t h e  e l e c t r o n i c  CT mode 
near 3600 cm", t he  same we observed f o r  low-frequency 
component o f  t h e  doublet  near 11000 cm". The band 
which can be a t t r i b u t e d  t o  i n t r a m o l e c u l o r  e l e c t r o n i c  
e x c i t a t i o n  o f  TCNQ a t  16000 cm" decreases w i t h  i n c r e -  
a s i n g  dose, and a new a b s o r p t i o n  band appears a t  about 
20200 cm-l. 

I R  r e f l e c t i o n  spec t ra  o f  n o m i n a l l y  pu re  and i r r o -  
d i a t e d  Nble 4 I I ~ P Y ( T C N Q ) ~  s i n g l e  c r y s t a l s  e r e  Shown i n  
F ig . l .  I n f r a r e d  r e f l e c t i v i t y  i s  more s u s c e p t i b l e  t o  
i r r a d i a t i o n ;  e.g. t h e  r e f l e c t i o n  spectrum o f  100 mC/c& 
i r r a d i a t e d  c r y s t a l  a lmost disappea re. 

modes) a c t i v a t e d  by coup- 

100% 1 

WAVENUMBER Icrn"l 

FIGURE 1 IR r e f l e c t i o n  spec t ra  o f  n o m i n a l l y  
pure and i r r a d i a t e d  s i n g l e  c r y s t a l  
NMe 4 MePy (TCrlQ) 2. 

DISCUSSION 

The f requencies o f  t h e  a c t i v a t e d  a modes o f  i r r a d i a -  
t e d  samples a r e  s l i g h t l y  h i g h e r  than these o f  pu re  
sample. The s i m i l a r ,  but  cons ide rab ly  h i g h e r  s h i f t s  
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THE OPTICAL PROPERTIES OF NMe 4 MePy(TCNQ), 131 

were observed by Kernares e t  e l . *  f o r  Qn(TCNQ)2 and 
TEA (TCNQ)~ .  

Assuming t h a t  t h e  i n t e g r a l  i n t e n s i t i e s  o f  e c t i v a -  
t e d  a modes a r e  p r o p o r t i o n a l  t o  t h e  number o f  d imers,  

9 
we est imated t h e  v a l u e  o f  p e r t u r b a t e d  e rea ;  i t  surpas- 

ses the  dimer by about 15%. T h i s  v a l u e  and a s m a l l  de- 
c reas ing  o f  t he  electron-phonon c o u p l i n g  cons tan ts  f o r  
i r r a d i a t e d  c r y s t a l s  ( b y  about 10% a t  d e f e c t  concentre- 

t i o n  297;) i n d i c a t e  t h a t  a c o n t r i b u t i o n  o f  c o l l e c t i v e  
phenomena i s  inconsiderable.6 Thus, t h e  a c t i v a t i o n  o f  
a modes o f  f!l4e 4 i.lePy(TCNQ)2 occu rs  m a i n l y  by  t h e  

i o n - r a d i c a l  dimer CT o s c i l l a t i o n s .  
The normal ized i n t e g r a l  i n t e n s i t i e s  o f  t h e  IR 

a c t i v e  normal /b/ and a c t i v a t e d  a modes /a/ a r e  plot- 
t e d  as  a f u n c t i o n  o f  dose i n  Fig.2. 

9 

9 
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FIGURE 2 The normal ized i n t e g r a l  i n t e n s i t i e s  o f  
t he  a c t i v a t e d  ag modes /a/ and o f ,  some 
normal modes o f  TCNQ /b/ as a f u n c t i o n  
o f  i r r a d i a t i o n  dose. The p o i n t s  f o r  
NPle 3,5 rlePy(TCNQ)2 a r e  marked by 
a r rows. 

Tho r a d i a t i o n  induced damage of  TCNQ molecule changes 
i t s  v i b r a t i o n a l  p r o p e r t i e s  and thereby excludes i t  

f r o m  measured band. The loss of t h e  i n t e n s i t i e s  o f  t h e  
normal modes o f  TCNQ enables one t o  c a l c u l a t e  t h e  de- 
f e c t  concentrat ion.  The damaging one o f  t h e  TCNQ mole- 
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c u l e  from t h e  dimer e l i m i n a t e s  t h e  whole dimer from 
t h e  e c t i v e t o d  a modes. I,ioreover, t h e  neighbour ing 
TCNQ dimers a r e  p a r t u r b a t e d  and t h e i r  a modes a r e  
s h i f t e d .  Tho l a s t  e f f e c t  man i fes ts  i t s e l f  as a dav ia-  
t i o n  o f  the d e f e c t  c o n c e n t r a t i o n  c a l c u l a t e d  f o r  D mo- 
des from d u p l i c a t e d  c o n c e n t r a t i o n  c a l c u l a t e d  f o r  I R  

a c t i v e  normal modes. The comperison o f  t h e  d e f e c t  con- 
c e n t r a t i o n s  as a f u n c t i o n  o f  doses, c a l c u l a t e d  from 
d i f f e r e n t  p r o p e r t i e s  shows t h a t  t h e  IJPle 4 I.lePy(TCNQ)2 
i s  e system i n  which CT dimer e x c i t a t i o n s  a r e  e a s i e r  
than s p i n  e x c i t a t i o n s  and above all more e a s i e r  than 
charge e x c i t a t i o n s . 6  T h i s  i s  a behaviour o f  l o c a l i z e d  
e l e c t r o n s  on TCNQ dimer. 

Our s p e c t r a l  i n v e s t i g a t i o n  suggests t h a t  t h e  s a l t  
i s  8 N o t t  i n s u l a t o r  w i t h  c o r r e l a t e d  e l e c t r o n s  s i t t i n g  
on dimer p a i r s .  T h i s  model i s  c o n s i s t e n t  w i t h  magnetic 
p r o p e r t i e s  o f  t he  s a l t s 4  and i s  n o t  c o n t r a d i c t o r y  t o  

R. SWIETLIK AND A. GWA 

9 
9 

9 

e l e c t r i c a l  t r a n s p o r t  p r o p e r t i e s .  385 

We a r e  g r a t e f u l  t o  Ur. L. Z u p p i r o l i  f o r  t h e  i r r a d i a -  
t i o n  o f  t he  samples. 
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