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POLARIZATION OF MOLECULAR IONS I N  NaTCNQ 
AND TTFeTCRQ CRYSTALS 

Ludwik KOMOROWSKI and J6ze f  LIPIfiSKI 

I n s t i t u t e  of  Organic and P h y s i c a l  Chemistry, 
Technical  U n i v e r s i t y  o f  Wroczaw, 
Wyb. Wyspinrfskiego 27, 50-370 WROCJ!AW, Poland .  

A b s t r a c t  Se l  f-consiatent e l e c t r o s t a t i c  i n t e r s i t e  
p o t e n t i a l s  and atomic cha rges  have been c a l c u l a t e d .  
La t t i ce  cohesion energy f g r  NaTCNQ h a s  been reproduced 
when p o l a r i z a t i o n  o f  TCNQ anion i n  t h e  l a t t i c e  was 
taken i n t o  account. 

The i n t r i g u i n g  problem o f  e v a l u a t i o n  t h e  l a t t i c e  energy 
(and t h e  charge t r a n s f e r )  i n  q u a s i  1-D c r y s t a l l i n e  m e r i a l s  
h a s  l o n g  been s t u d i e d  b u t  never  d e f i n i t e l y  resolved.  
There have been, however, only few a t t e m p t s  toward analya- 
i n g  t h e  e l e c t r o n i c  s t r u c t u r e  o f  t h e  invo lved  molecule/ion 
l o c a t e d  i n  t h e  e l e c t r o s t a t i c  f i e l d  o f  t h e  l a t t i c e .  2-5 
A t  t h e  very leas t ,  i t  ha6 been demonstrated t h a t  e l e c t r o s -  
t a t i c  i n t e r s i t e  
i o n  i n  TTF.TCRQ 393 and NMP.TCNQ. 4 T h i s  p r e s e n t  s t u d y  i s  
aimed a t  e v a l u a t i o n  o f  t h e  p a r t i c u l a r  components o f  t h e  lat- 
t i c e  cohesion energy, which h a s  been decomposed i n t o  a set 
o f  c o n t r i b u t i o n  as  i n d i c a t e d  i n  t h e  fo l lowing  diagram: 

9 

o t e n t i a l s ,  6 produce a cha rge  r e d i s t r i b u t -  

ep0.1 \ e; , j e l a t  

5 9 01 
S u b s c r i p t s  r e f e r  t o  t h e  
geometry of  t h e  molecule;  
( f) - i d e a l i z e d  f r e e  mole- 
c u l e ,  ( c )  - c r y s t a l l o g r a p h i c  
a tomic p o s i t i o n s .  Ex te rna l  e l e c t r o s t a t i c  f i e l d  a c t i n g  a t  
t h e  molecule i s  i n d i c a t e d  by t h e  o u t e r  s u b s c r i p t ;  ( 0 )  - zem 
f i e l d ,  (6c )  - s e l f - c m s i s t e n t  f i e l d ,  (Cr )  - c r y s t a l l i n e  f i e l a  
i n  nonpo la r i zed  l a t t i c e .  

(XC gol - ( x c  Ipsc 
e;c 
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I88 I.. KOMOROWSKI AND J. IJPINSKI 

D i f f e r e n t  n o t a t i o n  i s  used f o r  t h e  energy p e r  i o n  ( e )  and 
energy p e r  molecule o f  complex (E). I n t r a m o l e c u l a r  ( p o l . )  
and l a t t i c e  ( l a t . )  p o l a r i z a t i o n  e n e r g i e s  were o b t a i n e d  i n d i -  
r e c t l y  by two s imple r e l a t i o n s h i p s :  

and el a t  I e i  - e: 

0 e corresponds t o  t h e  s t a n d a r d  Madelung term; esc is t h e  
same va lue  f o r  s e l f - c o n s i s t e n t  cha rge  distri b u t i o n ;  

e; stand6 f o r  t h e  d i f f e r e n c e  i n  t o t a l  e n e r g i e s  o f  a p o l a r i -  
zed molecule  i n  t h e  p o t e n t i a l  f i e l d  and f r e e  inolecule. 

C r y s t a l  s t r u c t u r e s  were taken from r e f .  7 (TTF.TCNQ) and 
r e f .  8 (NaTCNQ, monocl inic) .  Assuming t h e  complete charge 
t r a n s f e r  between donor and a c c e p t o r  molecule,  t h e  e l e c t r o n i c  
s t r u c t u r e  o f  r e s p e c t i v e  i o n s  was sought  w i th in  t h e  frame- 
work of  t h e  modif ied lND0 method. 9 UHF scheme h a s  been 
used f o r  t h e  open s h e l l  spec ie s .  lo The e f f e c t  o f  t h e  l a t -  

TABLE Energ ie s  o b t a i n e d  i n  c a l c u l a t i o n s  ( all i n  eV). 
F o r  t h e  n o t a t i o n  s e e  t e x t .  

TTF+TCNQ- Na+TCNQ- 

E N E R G Y  
TTF+ TCNQ- TCNQ- N a+ 

e i ,  EWALD -2.382 -2.374 

esc EWAI,D/INDO -3.002 -2.800 

e i ,  IRW -2.886 -2.667 

M '  

.Pol, int ramolecu-  

elat ,  l a t t i c e  

Gc, Madelung 

I - E k + i $ C  0.82 

l a r  p o l a r i z a t i o n  0.116 0.133 

p o l a r i z a t i o n  -0,504 -0.29 3 

sel f- c o n s i s t e n t  -2.776 

Experiment ( r e f .  1) -2.39 

~~ 

-5.602 -8.261 

-9.310 -8.136 

-7.475 -8.136 ? 

1.835 0 

-1.873 0.125 

-7.805 

-5.45 

-5.43 D
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POLARIZATION OF MOLECULAR IONS IN NaTCNQ AND TTF.TCNQ CRYSTALS 189 

t i c e  field was incorpora ted  by computing the  i n t e r s i t e  elec- 
t r o s t a t i c  p o t e n t i a l e  by Ewald procedure and inc lud ing  them 
i n t o  the  diagonal p a r t  o f  t h e  INDO hamiltonian. P o t e n t i d s  
and charges became self-conalstent a f t e r  5 + 6 i t e r a t i v e  runs. 
Calculated energ ies  are given i n  t h e  TABLE. Se l f -cons is ten t  
n e t  atomic charges and i n t e r s i t e  p o t e n t i a l s  are shown in 
Figs. la,  b and 2 ;  Aq denotes  a depar ture  from atomic char- 
ges  i n  a nonpolarized ion due t o  t h e  charge r ed i s t r ibu t ion .  
Po la r i za t ion  e f f e c t  on NaTCNQ I s  l a r g e  enough t o  produce a 
r e a l i s t i c  l a t t i c e  cohesion energy, s u r p r i s i n g l y  c lose  t o  t h e  
experimental value. I n  f a c t ,  this is t he  best r e s u l t  ever  

v[rv] obta ined  f o r  
-XI any organic  

quas i  1 - D  
mater ia l .  P o l e  -20 

-10 r i z a t i o n  seems 
t o  have much , lesf e f f e c t  on 

I 1  I I  I '  I 1  1 TTF and TCKQ- 
I i o n s  in l a t t i c e .  * I However, po la t ion  extra- t o  t h e  

dependence can- 

r a t i o n a l i z e d  
- 2 . O  and may perhaps 
- 1 0  reveal a subs- 

t a n t i a l  e f f e c t  
I on t h e  l a t t i c e  
I cohesion. 

1 ;  ' I  1 )  1 ;  
I 

I charge t r ans fe r  -0.051 Q 941 has  been 
-0 003 avoided here. 

+a015 I n  c o n t r a s t  t o  
+0051 o t h e r  terms, 4 t h e  ePol(g) 

'!@:, no t  be simply 

FIGURE l a ,  b 
Polarize! TTF+ 
and TCHQ i o n s  
i n  t h e  l a t t i c e  
TTF. TCNQ. 
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190 L. KOMOROWSM AND J .  LIPINSKI 

FIWRE 2 
Pol a s z e d  
TCNQ i o n  i n  
NaTClifQ l a t t i c c e  
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