
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:37
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Irradiation Induced Disorder
in Low-Dimensional Organic
Semiconductors – N-Methyl-
Derivatives of Pyridinium with
TCNQ
Mariusz Przybylski a , Wojciech Pukacki b & Libero
Zuppiroli c
a Institute of Molecular Physics, P.A.S., 60-179,
Poznań, Poland
b Department of Physics, Agricult. Acad., 60-637,
Poznań, Poland
c Centre Etudes Nucléaires de Fontenay-aux-Roses,
92260, France
Version of record first published: 17 Oct 2011.

To cite this article: Mariusz Przybylski , Wojciech Pukacki & Libero Zuppiroli (1985):
Irradiation Induced Disorder in Low-Dimensional Organic Semiconductors – N-Methyl-
Derivatives of Pyridinium with TCNQ, Molecular Crystals and Liquid Crystals, 120:1,
133-136

To link to this article:  http://dx.doi.org/10.1080/00268948508075775

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508075775
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
37

 2
0 

Fe
br

ua
ry

 2
01

3 



M o ~ .  C ~ S I .  Liq. Cost. 1985. Vol. 120. pp. 133-136 
W26-8941185/ l2O41)I33/$10.OO/O 
0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

IRRADIATION INDUCED DISORDE~ IN LOW-DIMENSIONAL ORGANIC SEMI- 

MARI usz PRZYBYLSKI* 

CONDUCTORS - N-METHYL-DERIVATIVES OF P Y R I D I N I U M  WITH TCNQ 

I n s t i t u t e  o f  Mo lecu la r  Phys ics,  P.A.S., 60-179 Poznah, Po and 
WOJCIECH PUKACKI 
Department o f  Physics,  A g r i c u l t .  Acad., 60-637 Poznah, Po and 
LIBERO ZUPPIRDLI 
Centre d '  Etudes Nuc lka i  res  de Fontenay-aux-Roses, 92260 France 

A b s t r a c t  N -Methy l -de r i va t i ves  o f  p y r i d i n i u m  w i th  TCNQ a r e  o r -  
ganic  semiconductors w i t h  a gap o f  0.6 eV approx i rna te l y . In  t h e  
pure m a t e r i a l s  t h e  p a r t i a l l y  compensated semidonductor model 
e x p l a i n s  ve ry  w e l l  t h e  main f e a t u r e s  o f  t h e  t r a n s p o r t  p roper -  
t i e s .  But  t h i s  model cannot e x p l a i n  t h e  whole s e t  o f  r e s u l t s  
e s p e c i a l l y  t h e  magnetism o f  these compounds. I n  t h i s  paper 
c o n d u c t i v i t y  and thermopower data o f  pure and i r r a d i a t e d  sam- 
p l e s  a re  p resen ted  and d iscussed t o g e t h e r  w i t h  t h e  E.S.R.  data.  

INTRODUCTION 

Recen t l y  we have shown [1,2]  t h a t  i n  a r e l a t i v e l y  l a r g e  homologous 

group o f  N -Methy l -de r i va t i ves  o f  p y r i d i n i u m  w i t h  TCNQ, c o n d u c t i v i t y  

and thermopower data can be i n t e r p r e t e d  i n  terms o f  p a r t i a l l y  com- 
pensated semiconductor model. What i s  more s u r p r i s i n g  i s  f a c t  t h a t  
f o r  smal l  d e f e c t  concen t ra t i ons  ( i n t r o d u c e d  by i r r a d i a t i o n )  t h i s  
model was f u l l y  conf i rmed [3,41. 

The magnetic s u s c e p t i b i l i t i e s  measured on these compounds [ 5 ]  
a r e  t y p i c a l  o f  Heisenberg systems o f  l o c a l i z e d  s p i n s  i n t e r a c t i n g  

through exchange i n t e g r a l s  o f  t h e  o r d e r  o f  10 K what i s  i n  a t o t a l  
c o n t r a d i c t i o n  w i t h  extended s i n g l e  e l e c t r o n  model o f  t h e  conduc t ion .  
The i n t r o d u c t i o n  o f  d i s o r d e r  by  i r r a d i a t i o n  c rea tes  a l a r g e  v a r i e t y  
o f  new exper imen ta l  s i t u a t i o n s  i n  which b o t h  p i c t u r e s  can be com- 
pa red  and d iscussed.  
* p resen t  address: 111. P h y s i c a l  I n s t i t u t e ,  U n i v e r s i t y  o f  Go t t i ngen ,  
D-3400 Got t ingen,  W .  Germany ( d u r i n g  research f e l l o w s h i p  awarded by 
Alexander  v. Humboldt Foundat ion)  
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EXPERIMENTAL AND DISCUSS I O N  

The samples were i r r a d i a t e d  a t  2 1 K w i t h  2 MeV o r  2.5 MeV e l e c t r o n s  
a t  s e l e c t e d  doses f rom 0 t o  100 mC/cm . F igs .  la,b,c show t h e  l o n g  

a x i s  c o n d u c t i v i t y  o f  s i n g l e  c r y s t a l s  o f  each k i n d  as a f u n c t i o n  o f  
t h e  i r r a d i a t i o n  dose. A t  low doses t h e  c o n d u c t i v i t y  i nc reases  as a 
f u n c t i o n  o f  t h e  dose t o  a va lue about  10 t imes  l a r g e r .  Then, a t  

about 20 mC/cm , i t  s a t u r a t e s  and reaches maximum. A f t e r  t h e  dose 
o f  20 mC/cm t h e  c o n d u c t i v i t y  s t a r t s  decreas ing.  T h i s  decrease i s  
much f a s t e r  i n  NMe 3.5 MePy(TCNQ)2 which i s  most one-dimensional o f  
o u r  s e r i e s  than i n  NMe 2.6 M ~ P Y ( T C N Q ) ~  which i s  more tow-dimension- 

a1 [1,21. F igs .  2a,b show t h e  t y p i c a l  temperature behav iou r  o f  t h e  
c o n d u c t i v i t y  i n  t h e  doping range (0-20 mC/cm ) and i n  t h e  l o c a l i z a -  
t i o n  range (0 >> 20 mC/cm ). The t h e r m o e l e c t r i c  powers o f  a l l  com- 

pounds a r e  nega t i ve  a f t e r  e l e c t r o n  i r r a d i a t i o n  rega rd less  o f  t h e  
s i g n  o f  t h e  i n i t i a l  thermopower ( f i g .  3a,b). F o r  t h e  low doses t h e  
a c t i v a t i o n  energ ies  f o r  t h e  c o n d u c t i v i t y  and t h e  S vs 1/T s l o p e  agree 
w i t h i n  0.01 eV. A t  h i g h e r  doses t h i s  agreement i s  worse than 0 . 1 3 -  

0.2 eV due t o  a lmost  temperature independent Seebeck c o e f f i c i e n t .  

Not s i n g l e t - t r i p l e t  s t r u c t u r e  was v i s i b l e  on t h e  ESR s p e c t r a  
o f  pure and i r r a d i a t e d  N M ~ ~ M ~ P Y ( T C N Q ) ~  c o n f i  m i n g  t h e  Heisenberg 
c h a r a c t e r  o f  t h e  system. The l o w  temperature C u r i e - t a i l  grows l i n e -  

2 a r l y  w i t h  t h e  i r r a d i a t i o n  dose [41. From 0 t o  50 mC/cm i r r a d i a t i o n  
was found t o  i n t r o d u c e  6-1018 spins/cm p e r  mC/cm . 

behaviours can be e x p l a i n e d  w i t h  s i n g l e  one -e lec t ron  semiconductor 
model w i th  deep l y i n g  l o c a l i z e d  i m p u r i t y  s t a t e s .  I n  t h i s  scheme 
i r r a d i a t i o n  produces e l e c t r i c a l l y  a c t i v e  c e n t e r s  a c t i n g  as normal 

dopants. The number o f  d e f e c t s  c a l c u l a t e d  on t h e  base o f  t h i s  model 
i s  0.3% f o r  N M ~ ~ . ~ M ~ P Y ( T C N Q ) ~  i r r a d i a t e d  a t  20 mC/cm . However t h e r e  
i s  a l o t  o f  d e t a i l s  i n  t r a n s p o r t  p r o p e r t i e s  which a re  d i f f i c u l t  t o  
understand i n  terms o f  t h i s  model. But t h e  main o b j e c t i o n  a r i s e s  
f rom t h e  magnetic p r o p e r t i e s  d i s p l a y i n g  c o r r e l a t e d  c h a r a c t e r  o f  
s p i n s .  I n  a d d i t i o n  t h e  number o f  l o c a l i z e d  s p i n s  i s  about  30 t imes 
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I35 IRRADIATION INDUCED DISORDER IN ORGANIC SEMICONDUCTORS 

( a )  ( b )  
F i g .  2 Temperature v a r i a t i o n  o f  c o n d u c t i v i t y  i n  t h e  dop ing  ( a )  

l o c a l i z a t i o n  ( b )  range 
NMe4MePylTCNOb 

5001 

and 

( a )  ( b )  
F i g  3 Temperature dependence o f  t h e  Seebeck c o e f f i c i e n t  o f  pure 

and i r r a d i a t e d  c r y s t a l s  
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l a r g e r  than  number o f  dopants c a l c u l a t e d  f rom t h e  t r a n s p o r t  proper-  

t i e s .  Moreover t h e  r e c e n t  o p t i c a l  s t u d i e s  on i r r a d i a t e d  samples con- 

f i r m  t h e  magnetic e s t i m a t i o n  o f  d e t e c t  c o n c e n t r a t i o n  [ 6 ] .  I n  t h e  

l o c a l i z a t i o n  range the  i n c r e a s i n g  d i f f e r e n c e  between t h e  Pe l  t i e r  

c o e f f i c i e n t  and t h e  a c t i v a t i o n  energy can be e x p l a i n e d  by M o t t  and 

Davies p i c t u r e  [ 7 ]  i .e. i n t r o d u c i n g  " t h e  m o b i l i t y  edges" i n  t h e  con- 
d u c t i o n  and t h e  va lence band. Then t h e  a c t i v a t i o n  energ ies  f o r  u 
and S d i f f e r  by t h e  hopping energy W [4,7].  

Due t o  low m o b i l i t i e s  i n  these  systems (- 1cm V - S )  i t  i s  a l s o  
reasonable t o  cons ide r  t h e  presence o f  p o l a r o n i c  s t a t e s  [2,4]. The 
low d i s o r d e r  t o  h i g h  d i s o r d e r  c ross -ove r  observed i n  t h e  t r a n s p o r t  

p r o p e r t i e s  cou ld  be viewed as a l a r g e  po la ron  t o  sma l l  p o l a r o n  

t r a n s i t i o n  [41. Never the less t h e  r e c e n t  microwave exper iments on 
N M ~ ~ M ~ P Y ( T C N Q ) ~  [81 i n d i c a t e  t h a t  some t r a n s p o r t  d e t a i l s  a r e  incon-  

s i s t e n t  w i t h  t h e  smal l  polaron-model. 
S u b s t a n t i a l  coulomb i n t e r a c t i o n  a r e  needed t o  e x p l a i n  t h e  semi- 

conduc t ing  p r o p e r t i e s  o f  these compounds. I n  t h e  l i m i t  o f  U =-  one 

can expect  t h e  c r e a t i  on o f  s o l  i t o n - a n t i  s o l  i t o n  p a i  r s  w i t h  charges 

c a l  t o  o u r  exper imenta l  values (- 0.19 eV). On t h e  o t h e r  hand one 

can assume t h a t  t he  main i n t e r a c t i o n  i s  w i t h i n  t h e  d iade ( 4 t '  << U 
<< 4 t ) .  Th i s  can lead  t o  a M o t - i n s u l a t o r  of c o r r e l a t e d  e l e c t r o n s  on 
d imer  p a i r s .  The magnetic p r o p e r t i e s  a r e  those o f  a Heisenberg 

cha in  w i t h  low exchange between s i t e s .  I n  t h e  p r e s e n t  exper imenta l  
s t a t e  we g i ve  some advantage t o  t h e  Mo t - i nsu l  ator-model . 

2 

[41. The f o r m a t i o n  energy o f  these p a i r s  2A/r  i s  a lmost  i d e n t i -  
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