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ELECTRONIC SPECTRA OF AgTCNO AND CUTCNQ CHARGE-TRANSFER 
COMPOUNDS 

E.I.KAMITSOS,G.C.PAPAVASSILIOU AND M.A.KARAKASSIDES. 
Theore t i ca l  and Physical  Chemistry I n s t i t u t e ,  The Natio- 
n a l  Hel lenic  Research Foundation,48 Vas.Constantinou 
Ave., Athens 116/35, Greece. 

Abstract ,  
propert ies  of CuTCNQ and AgTCNQ have been s tud ied  i n  t h e  
v i s i b l e  and near  i n f r a r e d  region.  
spectra  c h a r a c t e r i s t i c  of an i n f i n i t e  d i a d i c  TCNQ cha in ,  
while CuTCNQ shows an a d d i t i o n a l  absorpt ion overlapping 
with t h e  low energy intramolecular  t r a n s i t i o n .  
observed t h a t  t h e  charge t r a n s f e r  band shows a particle 
s i z e  dependence . 

The e l e c t r o n i c  absorpt ion and r e f l e c t a n c e  

AgTCNQ e x h i b i t s  

I t  was 

INTRODUCTION. 

The charge- t ransfer  compounds of tetracyanoquinodimetha- 

ne (TCNQ)show unusual magnetic, o p t i c a l  and e l e c t r i c a l  pro- 

p e r t i e s .  

e l e c t r i c a l  p rope r t i e s  and provide a probe of important i n t e r -  
a c t i o n s  i n  these  s o l i d s .  Rased on o p t i c a l  d a t a ,  Torrance 

e t  a l .  have shown t h a t  t h e  c r i t i c a l  determinant of t h e  con- 

d u c t i v i t y  of TCKQ salts with segregated s t a c k s ,  is  t h e  de- 

gree of charge- t ransfer  from donor t o  TCNQ (1 ) .  

The o p t i c a l  p r o p e r t i e s  a r e  c l o s e l y  r e l a t e d  t o  

CuTCMQ and AgTCNQ have been proven t o  e x h i b i t  e l e c t r i c a l  

switching and phototransformation phenomena (2,3) .  

a r e  r e l a t e d  t o  t h e  e l e c t r o n i c  c h a r a c t e r i s t i c s  of t h e  mate- 

r i a l s .  We have s tud ied  t h e i r  o p t i c a l  p r o p e r t i e s  for 
various sample forms. 

on with s t r u c t u r a l ,  magnetic and conduc t iv i ty  da t a .  

These 

The r e s u l t s  a r e  discussed i n  connect i -  
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44 E. I. KAMITSOS, 0. C. PAPAVASSILIOU and M. A. KARAKASSIDES 

EXPERIMENTAL 

CuTCNQ and AgTCNQ were prepared by t h e  method of Melby e t  

a1 ( 4 ) .  Reflectance measurements were performed on pressed 

p e l l e t s .  For absorpt ion measurements p o l y c r y s t a l l i n e  f i l m s  

were prepared on qua r t z  p l a t e s  by spraying d i l u t e  s o l u t i o n s  

of  t h e  materials i n  CH CN. Homogeneous t h i n  f i l m s  were D r e -  

pared by vapor depos i t i ng  under vacuum a l t e r n a t i n g  l a y e r s  

of  metal  and TCNQ on qua r t z  p l a t e s .  The l a y e r  s t r u c t u r e  

was heated under vacuum t o  form MtTCNQ-( 3) .  

RESULTS AND DISCUSSION 

3 

The CH CN s o l u t i o n  of CuTCNQ or AgTCNQ give t h e  chara- 

c te r i s t ic  spectrum of i s o l a t e d  TCNO-(Fig. l a ) .  According t o  

t h e o r e t i c a l  work of Lowitz(5) t h e  r e d  band system(600-900nm! 

can be assigned t o  t h e  2B2g+2Bii) ( long a x i s  po la r i zed )  and 

3 

t h e  blue band system (350-500nm) t o  overlapping of 
2 

2g -+ AU ( sho r t  a x i s  B 2 * ( 2 )  ( long a x i s  po la r i zed )  and , 2  
B2g + Blu - 

po la r i zed  ) t r a n s i t  ion s . 
Optical  s t u d i e s  on va r ious  s o l i d  TCNQ compounds have been 

reported by many i n v e s t i g a t o r s .  The e l e c t r o n i c  t r a n s i t i o n s  

have been grouped by I i d a  i n t o  t h r e e  types  (6) .  

molecular or l o c a l i z e d  LE and LE t r a n s i t i o n s  correspond 

t o  t h e  r e d  and blue band sytems r e s p e c t i v e l y  of i s o l a t e d  

TCNQ-. 

1 intermolecular  or charge-t ransfer  (CT) t r a n s i t i o n s  a r e  CT 

for charge-t ransfer  between two TCNQ-s and CT, f o r  charge- 

The i n t r a -  

1 2 

These a r e  both po la r i zed  i n  t h e  molecular plane.The 

L 

- t r a n s f e r  from TCNQ- t o  TCNOO. 

zed i n  t h e  d i r e c t i o n  perpendicular  t o  t h e  molecular plane.  

Both CT1 and CT2 a r e  p o l a r i -  

Simple 1:l compounds with complete charge t r a n s f e r  from 

t r a n s i -  donor t o  TCNQ ( i . e .  LiTCNQ) show t h e  LE1,LE2 and CT 

t i o n s  (61, and t h e i r  e l e c t r o n i c  s t r u c t u r e  i s  dominated by 
1 D
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ELECTRONIC SPECTRA OF AgTCNQ AND CuTCNQ 45 

FIGURE 1. E lec t ron ic  s p e c t r a  of  TCNQ-/CH3CN a ,  AgTCNQ 
p o l y c r y s t a l l i n e  f i l m  b,  CuTCNQ p o l y c r y s t a l l i n e  f i l m  c ,  
AgTCNQ r e f l e c t a n c e  d and CuTCNQ r e f l e c t a n c e  e. 

t h e  p r o p e r t i e s  of  t h e  dimer type,(TCNQ)i2 species .This  is 

based on t h e  c lose  resemblance of t h e i r  s o l i d  s t a t e  o p t i c a l  

spec t r a  t o  t h a t  of t h e  dimer type s tud ied  by Boyd and Ph i l -  

l i p s  ( 7 ) .  In 1:l s a l t s  with incomplete charge- t ransfer  ( i . e .  

TTF-TCNQ) o r  i n  complex 1 : 2  o r  2 : 3  s a l t s  (i.e.Cs (TCNQ) ) 2 3 
both CT1 and CT 

LE and LE localized transitions are observed. 

t r a n s i t i o n s  t o g e t h e r  with t h e  corresponding 2 

1 2 
Both CuTCNQ and AgTCNQ a r e  simple sal ts  with complete 
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46 E. I. KAMITSOS. 0. C. PAPAVASSILIOU and M. A. KARAKASSIDES 

charge t r a n s f e r  and t h u s  t h e  LEI, LE2 and CT1 t r a n s i t i o n s  

a r e  expected t o  be exh ib i t ed ,  The absorpt ion s p e c t r a  of po- 

l y c r y s t a l l i n e  films prepared by t h e  spraying technique are 

i l l u s t r a t e d  i n  F ig . lb  and l c  f o r  AgTCNQ and CuTCNQ r e s p e c t i -  

vely. To ensure t h a t  t h e  na tu re  of t h e  materials i s  n o t  af- 

f ec t ed  by t h i s  method of p repa ra t ion  t h e i r  r e f l e c t a n c e  

spec t r a  were a l s o  measured (F ig . ld , e )  from pressed p e l l e t s  

of pure powders of AgTCNQ and CuTCNQ. 

The absorpt ion spectrum of AgTCNQ (F ig . lb )  shows c l e a r l y  

t h e  LE (630nm), LE (380nm) and CT1(1630nm)transitions as 

expected. The corresponding r e f l e c t a n c e  spectrum (Fig.ld) 

i s  q u i t e  s imi l a r  t o  t h e  absorpt ion one. The widths  of the 

LE1 and bands are not a f f e c t e d  bu t  t h e  CT band appears  

broader i n  t h e  r e f l ec t ance  spectrum. A study of t h e  p a r t i c l e  

s i z e  e f f e c t  on the spec t r a  of KTCNQ and r e l a t e d  compounds 

has shown t h a t  CT band s h i f t s  t o  lower f r equenc ie s  a s  t h e  

s i z e  of t h e  p a r t i c l e s  i nc reases  (8 ) .  Thus t h e  broadening of  

t h e  CT band i n  t h e  r e f l e c t a n c e  spectrum of  AgTCNQ suggests  

a wide d i s t r i b u t i o n  of  p a r t i c l e  s i z e s  i n  t h e  pressed p e l l e t s  

of AgTCNQ. 

1 2 

Recently t h e  s t r u c t u r e  of AgTCNQ was evaluated by l a t t i ce  

imaging using high-resolution e l e c t r o n  microscopy(9),and it 

was found t o  be similar t o  those  of alkali-TCNQ compounds 

with TCNQ- forming diads.  An X-ray s tudy of  AgTCNQ s i n g l e  

c r y s t a l s  was a l s o  r epor t ed  (10).  An average i n t e r p l a n a r  d i s -  

tance of 3.5 A' was determined; bu t  it i s  no t  clear i f  

t h e r e  i s  an a l t e r n a t i o n  Of t h e  i n t e r - r a d i c a l  spacing. 

According t o  I i d a  f o r  spacing i n  t h e  range 3.4-3.5 A', spec- 

t r a l  resemblance t o  t h e  dimer should be expected (6).Thus 

we can conclude t h a t  AgTCNQ gives  s p e c t r a  t y p i c a l  of a dimer- 

-type TCNQ compound, 

The absorpt ion spectrum of CuTCNQ (F ig . l c ) ,  w h i l e c l e a r l y  
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ELECTRONIC SPECTRA OF AgTCNQ AND CuTCNQ . . . 

showing t h e  CT1(2100nm) and LE2(400nm)bands, d i f f e r s  from 

t h a t  of AgTCNQ i n  t h e  650-1000nm region.  The L E 1 ( z  700nm) 

band overlaps 

This behavior i s  a l s o  exh ib i t ed  by t h e  r e f l e c t a n c e  spectrum 

of CuTCNQ (F ig . l e ) ,  and it was observed i n  t h e  spectrum o f  

CuTCNQ t h i n  f i l m  a s  wel l  (11). 

47 

a broad s t r u c t u r e  extending t o  ca 1 1 O O n m .  

The c r y s t a l  s t r u c t u r e  of CuTCNQ is unfo r tuna te ly  n o t  

known y e t ,  t h u s  it would be d i f f i c u l t  t o  give an exact  i n t e r -  

p r e t a t i o n  of  t h e  a d d i t i o n a l  broad band of t h e  spectrum of 

CuTCNQ. A s i m i l a r  s i t u a t i o n  was observed i n  t h e  spectrum 

of s o l i d  L i T C N Q  which a l s o  e x h i b i t s  an e x t r a  band a t  840nm. 

The o r i g i n  of t h i s  peak was a t t r i b u t e d  t o  non-dimerized 

TCNQ-, due t o  imperfect ions i n  t h e  a l t e r n a t i o n  of t h e  TCNq- 

s epa ra t ions  (6 , 12) .  

i n  t h e  ESR spectrum of LiTCNQ w a s  a l s o  a s soc ia t ed  with t h e  

presence of  unpaired TCNQ-Cl3). 

was found i n  t h e  ESR spectrum of CuTCNQ powder and t h a t  

would a l s o  suggest t h e  presence of non-dimerized TCNQ-.This 

would give r i se  t o  a peak a t  ca  840nm i n  t h e  o p t i c a l  spectrum 

by comparison t o  the  LiTCNQ case .  However, t h e  a d d i t i o n a l  

absorpt ion s t r u c t u r e  of CuTCNQ i s  much broader than is  accoun- 

ted f o r  only by the  presence of non-dimerized TCI!Q-, s i n c e a n  

obvious shoulder i n  t h e  960-1C00nm region i s  involved a s  w e l l .  

The so c a l l e d  impurity resonance observed 

A similar impuri ty  resonance 

- 

Recent r e s u l t s  from ESR s t u d i e s  on CuTCNQ s i n g l e  c r y s t a l  

suggested t h a t  t h e  narrow-band s t r u c t u r e  of TCNQ i s  modified 

by coupling t o  copper 3d bands (10) .  This  coupl ing involves  

hole  formation i n  the  3d band of copper and an equal amount 

of TCNq= formation. 

from Seebeck c o e f f i c i e n t  va lues  of CuTCNQ ( 1 2 ) .  

l i g h t  of t h e  above discussion w e  t e n t a t i v e l y  a s s ign  t h e  ca 

980nm shoulder t o  charge- t ransfer  from t h e  f u l l  d o r b i t a l s  

of Cut t o  t h e  low l y i n g  empty molecular o r b i t a l s  of TCNQ-. 

A s i m i l a r  conclusion w a s  a l s o  reached 

I n  
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1630 
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FIGURE 2. P a r t i c l e  s i z e  e f f e c t  on abso rp t ion  s p e c t r a  of 
AgTCNQ; a:  as prepared p o l y c r y s t a l l i n e  f i l m ;  b , c : a f t e r  
succesive rubbing with s o f t  t i s s u e  paper;  d:AgTCNQ t h i n  
f i l m .  

Polar ized o p t i c a l  measurements on s i n g l e  c r y s t a l s  of CuTCNQ 

are requ i r ed  t o  give a conclusive assignment (15). 

Figure 2 i l l u s t r a t e s  t h e  effect  of p a r t i c l e  s i z e  on t h e  

absorpt ion spectrum o f  AgTCNQ. Succesive rubbing,  and presu- 

mably formation of smaller p a r t i c l e s ,  causes  a sys t ema t i c  
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ELECTRONIC SPECTRA OF AgTCNQ AND CuTCNQ . . . 49 

s h i f t  of t h e  CT band t o  h ighe r  e n e r g i e s ,  upon r e d u c t i o n  of 

i t s  i n t e n s i t y .  The two i n t r a m o l e c u l a r  bands are a lmost  unaf -  

f e c t e d  by p a r t i c l e  s i z e .  The spectrum of t h e  t h i n  f i l m  shows 

t h e  CT band as a shou lde r  a t  

resembles  a spectrum o f  t h e  dimer t y p e  ( 7 ) . P a r t i c l e  s i z e  

dependence has  been r e p o r t e d  f o r  KTCNO ( 8 )  and o t h e r  semi- 

conductor m a t e r i a l s  (16 ) .  T h i s  dependence has  been i n t e r p r e -  

t e d  as e s s e n t i a l l y  a quantum s i z e  effect  (8,161. 

1150nm, and it ve ry  much 

The p a r t i c l e  s i z e  e f f e c t  f o r  CuTCNQ is  shown i n  Fig.3. 

The CT band behaves i n  t h e  same way as t h a t  f o r  AgTCNQ. I n  

a d d i t i o n  dec rease  

a s e  i n  t h e  i n t e n s i t y  o f  t h e  a b s o r p t i o n  a t t r i b u t e d  t o  t r a n s i -  

t i o n s  of TCNQ- monomer and cha rge - t r ans fe r  from Cut t o  TCNQ-. 

Th i s  could be unders tood  by t h e  fact  t h a t  rubb ing  

causes  d e f e c t  format ion  and t h u s  an increase i n  t h e  number 

o f  non-d imerized TCNQ- monomers . 

of  p a r t i c l e  s i z e  causes  a s y s t e m a t i c  i n c r e -  

a l so  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  CuTCNO has  t h e  h i g h e s t  
-2 -1 -1 c o n d u c t i v i t y  (1x10 cm ) among t h e  known s imple  1:l 

a n i o n - r a d i c a l  TCNQ compounds wi th  complete charge  t r a n s f e r  

(4 ,17) ,and  t h e  lowes t  energy CT band. Th i s  appea r s  a t  2100 

nm i n  t h e  abso rp t ion  spectrum of p o l y c r y s t a l l i n e  f i l m .  For 

i n t r i n s i c  semiconductors t h e  a c t i v a t i o n  energy  f o r  conduc t i -  

on (E) is r e l a t e d  t o  t h e  gap energy  (Eg)  f o r  h o l e - e l e c t r o n  

p a i r  format ion  by E=Eg/2 (18). Act iva t ion  e n e r g i e s  f o r  con- 

duc t ion ,  ob ta ined  from powder c o n d u c t i v i t y  d a t a ,  a r e  0.16eV 

f o r  CuTCNO and 0.37 eV for AgTCNQ (17) .  The o p t i c a l  gap ene r -  

g i e s  e s t ima ted  fTom t h e  r e f l e c t a n c e  s p e c t r a  are about  0.55eV 

f o r  CuTCNQ and 0.75 e V  for AgTCNO, and t h e  cor responding  

a c t i v a t i o n  e n e r g i e s  ob ta ined  from t h e  above v a l u e s  are 

0.27 eV f o r  CuTCNQ and 0.38 e V  f o r  AgTCNQ. Comparison shows 

a q u i t e  good agreement wi th  t h e  exper imenta l  a c t i v a t i o n  
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FIGURE 3. Particle size effect on the absorption spectra 
of CuTCNQ; a: as prepared polycrystalline film;b,c,d,e: 
after succesive rubbing with soft tissue paper. 

energies for conduction indicating the close correspondance 

between the conductivity and the optical data. 
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