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SPECTROSCOPIC INVESTIGATIONS OF TRANSFORMATION PHENOMENA 
EXHIBITED BY METAL-TCNQ MATERIALS. 

E.I.KAMITSOS1 AND W.M.RISEN*, Jr. 
lTheoret ica1 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. 

2Chemistry Department , Brown Universi ty ,  Providence R. I. 
02912, U.S.A. 

Abstract  
and s i l v e r  e x h i b i t  t ransformation and memory phenomena 
under t h e  inf luence of an e l e c t r i c  f i e l d ,  a laser beam 
o r  an e l ec t ron  beam. These phenomena have been s t u d i e d  
i n  s i t u  by Raman spectroscopy. The i n i t i a l  s t a t e  was 
found t o  be f u l l y  i o n i c ,  ~+TCNQ-,  while t h e  f i n a l  one i s  
a mixed-valence s t a t e  containing n e u t r a l  T W  , t h e  
untransformed MtTCNO- and t h e  correspondinp metal ,  When 
t h e  i r r a d i a t i o n  i s  c a r r i e d  out  under c o n t r o l l e d  c o n d i t i -  
ons continuous m e t a l l i c  r eg ions  o r  wel l  dispersed metal- 
l i c  p a r t i c l e s  a r e  formed. Various p o t e n t i a l  a p p l i c a t i o n s  
of t h e s e  ma te r i a l s  are a l s o  discussed.  

The charge-t ransfer  sa l ts  of TCNQ with copper 

-- 

INTRODUCTION 

The syn thes i s  of TCNO(7,7,8,8-tetracyanoquinodimethane) 

and r e l a t e d  e l ec t ron  acceDtors has s t imulated g r e a t  i n t e r e s t  

i n  t h e  f i e l d  of low dimensional organic  conductors (l).TCNQ 

is  a s t r o n g  n-electron acceptor  and forms a g r e a t  v a r i e t y  of 

charge- t ransfer  compounds with inorpanic  and o rgan ic  donors. 

These compounds have an important common s t r u c t u r a l  chara- 

c t e r i s t i c ;  t he  face-to-face s t ack ing  of t h e  TCNO moie t i e s  t o  

form pseudo-one-dimensional columns. This r e s u l t s  i n  h igh ly  

an i so t rop ic  p r o p e r t i e s  of both fundamental and technologi-  

c a l  i n t e r e s t  ( 2 ) .  

CuTCNQ and AgTCNQ have a d d i t i o n a l  i n t e r e s t  s i n c e  it was 
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32 E. I. KAMITSOS and W. M. RISEN. JR. 

shown t h a t  t h e s e  materials undergo e l e c t r i c a l  swi t ch ing  as 

we l l  as photo t ransformat ion  phenomena under t h e  i n f l u e n c e  

of an e lectr ic  f i e l d  ( 3 )  o r  a laser beam (3-5). Such k inds  

of p r o p e r t i e s  make t h e s e  m a t e r i a l s  promising c a n d i d a t e s  f o r  

u s e f u l  t e c h n o l o g i c a l  a p p l i c a t i o n s  and t h u s  it is impor tan t  

t o  understand t h e  chemical changes t a k i n g  p l a c e  and t h e  na- 

t u r e  o f  t h e  e x h i b i t e d  phenomena. In  t h i s  paper  we r e n o r t  t h e  

r e s u l t s  of u s i n g  Raman spec t roscopy t o  s y s t e m a t i c a l l y  s tudy  

t h e  t r ans fo rma t ion  phenomena e x h i b i t e d  by CuTCNO and AgTCNQ. 

I t  is shown t h a t  Raman spec t roscopy is a va luab le  t o o l  t o  

s tudy  i n  s i t u  such phenomena. I n  a d d i t i o n  w e  r e p o r t  on our 

obse rva t ions  o f  similar t r a n s f o r m a t i o n s  under t h e  a c t i o n  of 

an  e l e c t r o n  beam. F i n a l l y  v a r i o u s  p o t e n t i a l  a p p l i c a t i o n s  are 

d i scussed .  

-- 

ELECTRICAL SWITCHING 

P o l y c r y s t a l l i n e  f i l m s  o f  CuTCNQ and AgTCNQ show r e v e r s i -  

b l e  and r a p i d  e l e c t r i c a l  swi t ch ing  from a h igh  t o  a low 

impedance s t a t e ,  w i th  c h a r a c t e r i s t i c  memory e f f e c t s  and f a s t  

swi tch ing  times ( lOnsec ) (3 ) .  Raman s p e c t r a  are ve ry  s e n s i t i -  

t i v e  t o  t h e  charge  on t h e  TCNQmoieties and t h u s  they  can  be 

used t o  probe t h e  changes t a k i n g  p l ace .  
t M TCNQ- p o l y c r y s t a l l i n e  f i l m s  were prepared  by d ipp ing  

c l e a n  me ta l  f o i l s  i n  TCNQ/CH3CN s o l u t i o n  (1). A t r a n s p a r e n t  

t h i n  C r  e l e c t r o d e  was then  vapor depos i t ed  on t h e  MTCNq f i l m  

and t h e  Raman spectrum was measured through t h e  C r  e l e c t r o d e .  

A t y p i c a l  spectrum is shown i n  Fip, . la f o r  a CuTCNQ f i l m .  

Th i s  spectrum is i d e n t i c a l  t o  t h a t  o f  Cu TCNQ- powder preDa- 

r e d  by t h e  r e a c t i o n  o f  CuI and TCNo(6), and t h u s  it is con- 

cluded t h a t  t h e  unswitched form of t h e  f i l m  

t 

i s  Cu'TCNQ- . 
Spectrum l a  i s  dominated by t h e  t o t a l l y  symmetric, Ag 

modes of TCNQ-, which are r e s o n a n t l y  enhanced because t h e  
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SPECTROSCOPlC INVESTIGATIONS OF TRANSFORMATION 33 

2%1600' 1400' 1;OO' 1600' 800 ' 60; 
C M" 

FIGURE 1. Raman s p e c t r a  o f  CuTCNO f i l m  t h r o u p h  C r  e le-  
c t r o d e ( a )  and a f t e r  e l ec t r i ca l  s w i t c h i n g  ( b ) .  

476.5nm l a s e r  l i n e  i s  w i t h i n  t h e  h i g h  e n e r p y  l o c a l i z e d  e le -  

c t r o n i c  t r a n s i t i o n  o f  CuTCNQ(7). Reduct ion  of TCNQO t o  

c h a r g e d  s p e c i e s  c a u s e s  s u b s t a n t i a l  v i b r a t i o n a l  f r e q u e n c y  

s h i f t s  due  t o  e l e c t r o n i c  s t r u c t u r a l  changes .  S p e c i f i c a l l y  
-1 t h e  f r e q u e n c y  o f  t h e  v4  mode (C=C wing s t r e t c h ,  1375 c m  

CuTCNQ) shows a n  almost l i n e a r  dependence on t h e  d e p r e e  o f  

c h a r g e - t r a n s f e r ,  p ,  on t h e  TCNQ s p e c i e s  ( 7 ) .  The v mode 

(CEN s t r e t c h ,  2205 cm-' for CuTCNQ) is a l so  s e n s i t i v e  t o  p ,  

w h i l e  o t h e r  modes such  as v3 (C=C r i n g  s t r e t c h ,  1603cm 

f o r  CUTCNQ) or v5 (C-H b e n t ,  1203 cm-' f o r  CuTCNQ) show a 

v e r y  small dependence on P .  

f o r  

2 

-1 

After s p e c t r u m  l a  was measured e l ec t r i ca l  s w i t c h i n g  was 

per formed and  t h e  Raman spec t rum of s w i t c h e d  f i l m  was i m m e -  

d i a t e l y  r e c o r d e d  t h r o u g h  t h e  C r  e l e c t r o d e  and  i s  i l l u s t r a t e d  

i n  F i F . l b .  Comparison w i t h  F i g . l a  shows two new bands  a t  

2223 and 1451 cm-l a f t e r  e l e c t r i c a l  s w i t c h i n g ,  w h i l e  t h e  
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34 E. 1. KAMITSOS .nd W:M. RISEN, JR. 

r e l a t i v e  i n t e n s i t i e s  of t h e  980,734 and 1375 cm-' bands 

were reduced. The 2223 and 1451 cm-' new bands correspond 

t o  v2 and v4  modes r e s p e c t i v e l y  of  n e u t r a l  TCNQ (TCNQo)(8) 

and so spectrum l b  c l e a r l y  demonstrates t h e  presence of 

TCNO' a f t e r  e l e c t r i c a l  switching. The amount of TCNQO is 

est imated t o  be i n  t h e  range l0-15% immediately af ter  s w i -  

tching.  Thus t h e  switched form of t h e  f i l m  i s  a mixed-va- 

l ence  s t a t e  of TCNQ- and TCNQ' and t h i s  is cons i s t en t  with 

i t s  low impedance. This  happens because t h e  Coulombic repu- 

l s i v e  fo rces  are now reduced by al lowing conduction ele- 

c t rons  t o  occupy t h e  empty molecular o r b i t a l s  of TCNQO. Thus 

t h e r e  a r e  more a v a i l a b l e  s i tes  than t h e r e  are unpaired e l e -  

c t r o n s  ( 9 ) .  

PHOTOTRANSFORMATIONS 

Among the  e s s e n t i a l  f a c t o r s  t o  obtaininE t h e  above r e -  

s u l t s  was t h e  c a r e f u l  c o n t r o l  of t h e  i r r a d i a n c e  by t h e  l a -  

ser beam, When it exceeded c e r t a i n  th re sho ld  values  it was 

observed t h a t  CuTCNQ and AgTCNO show light-induced t r a n s f o r -  

mation phenomena (4 ) .  

The ma te r i a l s  s tud ied  include p o l y c r y s t a l l i n e  f i l m s ,  Dre- 

pared as described above, powders prepared by t h e  method of 

Melby e t  a 1  (1) and homogeneous t h i n  f i l m s  prepared as 

follows. On a s u b s t r a t e  (KBr, Si02,  S i  e t c )  a metal  (Cu,Ap) 

f i l m  w a s  vapor deposi ted under vacuum and then a l a y e r  of 

TCNO was deDosited followed by a l t e r n a t i n g  l a y e r s  of metal  

and TCNQ. The l a y e r  t h i cknesses  were ad jus t ed  t o  ob ta in  a 

1:l (M:TCNQ) mole r a t i o .  The mul t i l aye r  s t r u c t u r e  was then 

heated i n  situ o r  i n  an A r  atmosphere. The r e s u l t i n g  t h i n  

f i lm w a s  found t o  be M TCNQ- by Raman spectroscopy. This  

i n d i c a t e s  t h a t  under these  condi t ions t h e  metal  r e a c t s  with 

TCNQ, t h a t  i s  Mo+TCNQo+ M'TCNQ-. 

t 
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SPECTROSCOPIC INVESTIGATIONS OF TRANSFORMATION 

E 
2 < 
2 a 

2200 1600 1400 1200 70 
CMJ 

FIGURE 2 .  Raman s p e c t r a  o f  AgTCNO powder; un t ransformed 
( a )  and p a r t i a l l y  t ransformed ( b ) .  

FIGURE 3. Memory e f f e c t s  i n  CuTCNQ powder; p a r t i a l l y  
t ransformed ( a ) ,  spectrum measured a f te r  8h wi th  low 
power ( b ) ,  and 10h a f t e r  t r a n s f o r m a t i o n  ( c ) .  

35 

The pho to t r ans fo rma t ions  r e p o r t e d  he re  were accomvlished 

u s i n g  laser beams from 

such a t r ans fo rma t ion  experiment.  AgTCNQ powder measured a t  

632.8 nm wi th  lmW/mm2 ( F i g . 2 a )  e x h i b i t s  t h e  v2 ,v3 ,v4  and v 5  

bands,  i n  t h e  1200-2230cm r e g i o n .  Measuring t h e  same sa- 

A r  and He-Ne lasers.  Figure 2 shows 

-1 

L mple a t  2.5 mW/mm 

v -1451 cm 

s e n t .  The v =1379 cm band of ApTCNQ is  reduced  i n  i n t e n s i -  

t y  whi le  t h e  v 

AgTCNQ a t  about  1600 and 1203cm-1 r e s p e c t i v e l y  and so t h e y  

do n o t  show i n t e n s i t y  r e d u c t i o n .  

r e s u l t e d  i n  spectrum 2b, where t h e  
-1 -1 and v2-2223 c m  bands o f  TCNQO are a l s o  p re -  

-1 4 

4 
and v 3 5 bands appea r  f o r  bo th  TCNQO and 

Thus h ighe r  l a s e r  power causes  o x i d a t i o n  of TCNQ- t o  

TCNO'. This  t r a n s f o r m a t i o n  r e q u i r e s  t h a t  t h e  l a s e r  i r r a d i -  

ance  exceeds  c e r t a i n  t h r e s h o l d  va lues .  
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36 E. I. KAMITSOS and W. M. RISEN, JR. 

Exposure a t  lower i r r a d i a n c e  va lues ,  even fo r  extended p e r i -  

ods of t ime,  does no t  cause phototransformation, i n d i c a t i n g  

t h e  non-linear na tu re  of t h e  m a t e r i a l s  s tud ied .  The t h r e s -  

hold values  depend on t h e  s p e c i f i c  m a t e r i a l  and i t s  form. 

AgTCNQ is  more s e n s i t i v e  than CuTCNQ, and hiphly r e f l e c t i v e  

t h i n  f i lms  r e q u i r e  higher  t h re sho ld  va lues  than po lyc rys t a l -  

l i n e  f i l m s  or powders. AgTCNQ powder has f o r  example a 

threshold of 2.5 mW/mmL a t  488.0 nm, while AgTCNQ t h i n  f i l m  

150mW/mmL a t  488.0nm. 

t h e  same ma te r i a l s  was found t o  be e s s e n t i a l l y  independent 

on t h e  wavelength 

The th re sho ld  f o r  a s p e c i f i c  form of 

of t h e  laser beams used i n  t h i s  study. 

The mixed-valence s t a t e  obtained by phototransformation 

i s  spec t roscop ica l ly  t h e  same a s  t h e  low impedance form of 

t h e  ma te r i a l ,  and r e t u r n s  t o  the  M TCNQ- form spontaneously 

but  slowly a t  room temperature.  This  c o n s t i t u t e s  a memory 

e f f e c t  and is demonstrated i n  Fig.3. The Raman spectrum of 

CuTCKq powder, measured a t  60mW/mm2 ,(Fig.3a),shows t h e  pre- 

sence of  TCNOO (1451cm-I band) and untransformed CuTCNQ. 
The laser was turned o f f ,  The spectrum obtained 9h la ter ,  

2 with 10mW/mm , is shown i n  Fig.3b. TCNQO i s  s t i l l  present  

but  i n  s i g n i f i c a n t l y  reduced amounts. Two hours l a t e r  t h e  

system had completerly r e tu rned  t o  t h e  thermodynamically 

more s t a b l e  CutTCNQ-, a s  i l l u s t r a t e d  by sDectrum 3c. This 
t slow r e t u r n  t o  the  M TCNO- form can be speeded up ( s h o r t e r  

memory) upon hea t inp ,  based on our observat ion t h a t  metal  

and TCNqo r e a c t  t o  form M'TCNQ-. 

can be a defocused C02 l a s e r .  

+ 

A convenient heat  source 

The  t ransformations descr ibed so  f a r  are p a r t i a l  t r a n s -  

formations.  When t h e  l a s e r  i r r a d i a n c e  is much higher  than 

t h e  threshold value then comnlete t ransformation i s  e f f e c t e d  

and macroscopic amounts of TCNO a r e  formed, r e s u l t i n g  i n  

high-contrast  p a t t e r n s ,  A t  even higher  i r r a d i a n c e  and/or  

0 
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SPECTROSCOPIC INVESTIGATIONS OF TRANSFORMATION 31 

FIGURE 4.  O p t i c a l  w r i t i n g  on a 0.3pm AgTCNQ/SiO? t h i n  
f i l m  performed wi th  a 488.0 nm laser beam o f  
d iameter  and 250 mW power. 

12Gpm 

0 vacuum, TCNQ subl imes  o f f  o f  t h e  sample and t h e  exnosed r e -  

gion con ta ines  only  t h e  metal. F igu re  4 shows an o p t i c a l  

t r ansmiss ion  microphotograph of a t h i n  AgTCNQ f i l m  exposed 

t o  a h igh  i r r a d i a n c e  l a s e r  beam. The p a t t e r n  was Eenera ted  

by moving t h e  sample on an X-Y t r a n s l a t i o n  stage. Under a 

f i x e d  laser beam TCNQO i s  comple te ly  removed and Ag l i n e s  

are formed i n  t h e  exposed areas. 

The l i gh t - induced  t r ans fo rma t ion  phenomena are s imilar  
t o  t h o s e  of e l e c t r i c - f  i e l d s  and the fo l lowing  s o l i d  state 

e q u i l i b r i u m  d e s c r i b e s  t h e  p rocess :  

t E hv ( M  T C N Q - ) ~  5 p MO t TCNQ" t ( M ~ T C N Q - )  
Y x-Y A Y  
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38 E. 1. KAMITSOS and W. M. RISEN, JR. 

where, y<x f o r  p a r t i a l  t ransformation and x=y f o r  complete 

transformation. 

Since both e lectr ic  f i e l d  and laser beams cause t h e  same 

process,  e q . ( l ) ,  it would be u s e f u l  t o  compare t h e i r  t h r e s -  

hold values.  For CuTCNQ p o l y c r y s t a l l i n e  f i l m  f o r  example t h e  

e f f e c t i v e  e l e c t r i c  f i e l d  th re sho ld  i s  ca 1 .7  x 10 V/m(7). 

A t y p i c a l  threshold value f o r  phototransformation of t h e  

same ma te r i a l  i s  5 x 10  W/m . The e lectr ic  f i e l d  of t h e  

l a s e r  beam is given by: 

- 
4 2  

E =(2P) 1/2  1/4 ( 2 )  

where P i s  t h e  beam i r r a d i a n c e  and u 
l i t y  and p e r m i t t i v i t y  of empty space.  Using P=5 x 10  

E a r e  t h e  permeabi- 

W/m2 
0’ 0 

3 a f i e l d  value of  6 x 1 0  V / m  is  c a l c u l a t e d ,  and i s  about 2 5  

times weaker than t h e  threshold f o r  e lectr ical  switching. 

Thermal effects could be excluded as t h e  cause of t h e  

transformation on t h e  b a s i s  t h a t  heat  f avor s  t h e  r eve r se  of 

r eac t ion  (1). The r e s u l t  t h a t  t h e  th re sho ld  f o r  o p t i c a l  

transformation i s  much smaller than t h a t  f o r  e l e c t r i c a l  

transformation can be understood on t h e  b a s i s  t h a t  t h e  la-  

ser beams cause a l s o  an e l e c t r o n i c  e x c i t a t i o n  of  TCNQ-. 

it becomes e a s i e r  f o r  an e l e c t r o n  t o  leave TCNQ- and be 

captured by M . The e l e c t r o n i c  e x c i t a t i o n  seems t o  a s s i s t  

t h e  e l e c t r i c  f i e l d  e f f e c t ,  r e s u l t i n g  i n  a smaller th re sho ld  

value.  

Thus 

t 

ELECTRON BEAMS EFFECTS 

There is c u r r e n t l y  a s i g n i f i c a n t  need f o r  resist  mate- 

r i a l s  t h a t  can be pa t t e rned  t o  y i e l d  submicron s t r u c t u r e s  

f o r  microelectronics  app l i ca t ions .  The materials used f o r  

l i thography a r e  usua l ly  polymers which change t h e i r  so lub i -  

l i t y  upon exposure t o  r a d i a t i o n .  I t  w a s  r e c e n t l y  r epor t ed  
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SPECTROSCOPIC INVESTIGATIONS OF TRANSFORMATION 39 

t h a t  change - t r ans fe r  sa l t s  of  TTF wi th  halogen a c c e p t o r s  

(i.e.TTF-Br ) can be used  as e l e c t r o n  beam resist m a t e r i a l s  

(10). These o b s e r v a t i o n s  a long  w i t h  t h e  fact  t h e  M'TCNQ- 

materials e x h i b i t  pho to t r ans fo rma t ion  phenomena l e d  t o  o u r  

i n v e s t i g a t i n g  t h e  effects o f  e lec t ron-beams on t h e s e  materi- 

a ls .  

X 

Thin f i l m s  o f  M'TCNQ- were p repa red  on t h e  a p p r o p r i a t e  

s u b s t r a t e  by t h e  vapor  d e p o s i t i n p  t echn iques .  I n  t h a t  way 

smooth homogeneous f i lms o f  un i form t h i c k n e s s  were p repa red .  

Th i s  is impor t an t  s i n c e  f o r  l i t h o g r a p h i c  a p p l i c a t i o n s  t h e  

r e s o l u t i o n  and s e n s i t i v i t y  depend on t h e  f i l m  un i fo rmi ty .  

A CuTCNQ t h i n  f i l m  (2000 A') was d i r e c t l y  p repa red  on a Cu 

g r i d ,  used  as s u b s t r a t e  f o r  t h e  t r a n s m i s s i o n  e l e c t r o n  micro- 

scope ,  and exposed f o r  % 0.5 sec t o  a n  e l e c t r o n  beam of 

40pm d iame te r  and 1 x 1 0  A c u r r e n t .  After exposure  a t r a n s -  

miss ion  e l e c t r o n  micrograph was o b t a i n e d  ( F i g . 5 a ) , a t  a 

5 x lo-' A c u r r e n t .  The c e n t r a l  exposed area o f  t h e  f i l m  

was now c h a r a c t e r i z e d  by t h e  p re sence  o f  small p a r t i c l e s  

n o t  p r e s e n t  i n  t h e  unexposed r e g i o n .  The p a r t i c l e  s i z e  i n c r e a -  

ses from t h e  c e n t e r  towards t h e  c i rcumference  o f  t h e  exposed 

a r e a ,  wh i l e  t h e  i n t e n s i t y  of  t h e  beam having  a Gaussian pro- 

f i l e  d e c r e a s e s  i n  t h e  same d i r e c t i o n .  F igu re  5b shows an  a- 

r e a  o f  t h e  exposed r e g i o n  under  h i g h e r  m a g n i f i c a t i o n .  

-7 

To i d e n t i f y  t h e  p a r t i c l e s  formed under exposure  t o  an  

electron-beam, e l e c t r o n  microprobe a n a l y s i s  was used .  A 

t h i n  CuTCNQ f i l m  on S i 0 2  was exposed t o  t h e  e l e c t r o n  beam 

and p a r t i c l e s  s i m i l a r  t o  t h o s e  o f  F igu re  5 were formed. A 

low energy  beam was t h e n  focused  on a s i n g l e  p a r t i c l e  and  

t h e  e m i t t e d  X-rays were measured. The c h a r a c t e r i s t i c  

l i n e  a t  930 eV was observed  i n d i c a t i n K  t h a t  Cu p a r t i c l e s  are 

formed under  i r r a d i a t i o n .  S i m i l a r  r e s u l t s  were ob ta ined  f o r  

CuLal 
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- s v m  M 02pm 

a b 

FIGURE 5. Transmission e l e c t r o n  micrograph of CuTQ 
t h i n  f i lm  exposed t o  a 1 x A electron-beam for 
0.5 s ec .  

AgTCNQ t h i n  f i l m s .  

The effects of t h e  e-beams a r e  similar t o  those of an 

e l e c t r i c  f i e l d  or  l a s e r  beam, descr ibed by e q . ( l > .  Due t o  

l o c a l  heat ing by t h e  e-beam and t h e  high vacuum (lo-* Tom)  

t h e  TCNQO formed by t ransformation sublimes o f f ,  l eav ing  

t h e  metal  p a r t i c l e s  on the  s u b s t r a t e .  For b i g  diameter ele- 

c t ron  beams t h e  t ransformation is n o t  complete i n  t h e  e n t i r e  

exposed a rea  (Fig.51, and highly d i spe r sed  p a r t i c l e s  are 

formed, When a high cu r ren t  dens i ty  e-beam is used then 

complete t ransformation i s  e f f e c t e d  and continuous,  con- 

duct ing metal l i n e s  s i m i l a r  t o  those  i n  Figure 4 a r e  formed 

In t h a t  way high c o n t r a s t  p a t t e r n s  can be generated i n  s i t u ,  
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SPECTROSCOPIC INVESTIGATIONS OF TRANSFORMATION 41 

without the need of additional develoning steps (11). The 

sensitivity of CuTCNQ, that is the minimum electron dose 

required for transformation is 1 x 10 C/cm . This is 
about the same as that of some other useful e-beam resist 

materials (12 ) . 
CONCLUSIONS 

-2 2 

It has been shown that CuTCNQ and AgTCNQ exhibit intere- 

stinp transformation phenomena which can be studied and 

well understood by employing Raman spectroscopy. These Dro- 

perties combined with the ability of preparing the materi- 

als in the form of thin films give them a special technolo- 

gical importance. Some possible applications may include 

the following: 

(a) Formation of high resolution conductive lines without 

developing steps, with useful application as resists for 

electronic device fabrication. 

(b) Current controlled bistable threshold and memory switches 

(c) Light activated switches and erasable memory elements, 

with applications in optical computers and optical commu- 

nication systems. 

(d) Electron-beam processing of thin films to generate high 

resolution holoprams. 
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