
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:38
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

Physical Properties of TCNQ
Salts with Aliphatic Derivatives
of Benzodiazine
Andrzej Graja a , Lucyma Firleo a & Andrzej Radchel
b

a Institute of Molecular Physics, Polish Academy of
Sciences, 60179, Poznan, Poland
b Institute of Chemistry, A. Mickiewicz University,
60780, Poznan, Poland
Version of record first published: 17 Oct 2011.

To cite this article: Andrzej Graja , Lucyma Firleo & Andrzej Radchel (1985): Physical
Properties of TCNQ Salts with Aliphatic Derivatives of Benzodiazine, Molecular
Crystals and Liquid Crystals, 120:1, 121-124

To link to this article:  http://dx.doi.org/10.1080/00268948508075772

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: 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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508075772
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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:
38

 2
0 

Fe
br

ua
ry

 2
01

3 



M O ~ .  Cyst. ,!,iq. C t y .  1985, Vol. 120, pp. 121-124 
0026-8941/85/ 1204-01 21/$10.0010 
0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

PtlYSICAL PROPERTIES OF TCNQ SALTS WITH 
A L I PI-PIT I C  0 ER I VAT1 V ES 0 F BENZODIAZ I N E 

ANDRZEJ GRAJA , LUCYbL'l FIRLEJ 
I n s t i t u t e  o f  No lecu la r  Physics,  P o l i s h  Academy 
o f  Sciences, 60179 Poznari, Poland 
AlJDRZEJ RAJCtlEL 
I n s t i t u t e  o f  Chemistry, A.Mickiewicz U n i v e r s i t y ,  
60780 Poznan , Poland 

Abs t rac t  Magnetic and ESR s t u d i e s  f o r  8 new 
- fami ly  o f  Q-1-D TCNQ s a l t s  w i t h  a l i p h a t i c  d e r i v c -  
t i v e s  o f  benzodiazine donors were performed and 
discussed. 

,.'/e chose f o r  i n v e s t i g a t i o n  a new f a m i l y  o f  o rgan ic  
Q-1-D TCPJQ s a l t s  w i t h  a l i p h a t i c  d e r i v a t i v e s  o f  benzo- 
d i a z i n e  donors : N-methyl-phtalazinium (PlPht) , N-propyl- 
- p h t a la t 1 n i urn (P r Ph t) , e nd N- m e t h y l -  qu i noxa 1 i n  I u m 
(t.tQuin). 

The temperature dependence o f  magnetic suscep t i -  
b i l i t y  was determined by Faraday method. The diama- 
g n e t i c  c o n t r i b u t i o n  has been determined by Pascal  ru le.  
The thermal  v a r i a t i o n s  o f  t he  paramagnetic p a r t s  o f  
s u s c e p t i b i l i t i e s  (xp) a r e  shown i n  Fig.  1. 

The f i r s t  d e r i v a t i v e  spec t ra  o f  t h e  X-band ESR 

a b s o r p t i o n  were measured a t  room temperature as  a fun- 
c t i o n  o f  t h e  c r y s t a l  o r i e n t a t i o n ,  f o r  t h r e e  perpendi-  
c u l a r  a x i s .  The l i n e w i d t h  va lues  o f  s i n g l e  and narrow 
ESR l i n e s  a r e  s t r o n g l y  angular  dependent and change I n  
t h e  range from 20 t o  130 LJT; t h e  spectrum a n i s o t r o p y  
W B S  below 190 uT. The g - f a c t o r  a n i s o t r o p y  f o r  t h r e e  
pe rpend icu la r  a x i s  f o r  PrPht(TCNQ)2 i s  shown i n  Fig.2, 
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FIGURE 2 

FIGURE 1 

FIGURE 2 
FIGURE 3 

The s t a t i c  paramagnetic s u s c e p t i b i l i t y  
versus T.  
g-factor anisotropy f o r  PrPht (TCNQ)2. 

E S K - l i n e w i d t h  anisotropy f o r  P r P h t  
( T C N Q ) ~ .  Sol id  curves are the best 
f i t  t o  E q . 2  with d = 0.32, p =  0.58. D
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PHYSICAL PROPERTIES OF TCNQ SALTS 123 

whereas the  angular  dependence o f  t h e  AH i s  shown i n  
Fig.3 ( A H  is  a l i n e w i d t h ) .  

DISCUSSION 

The %,,of t h e  s a l t s  a r e  s t r o n g l y  dependent on t h e  sample 
composi t ion (Fig. 1). The s u s c e p t i b i l i t y  o f  MPht (TCNQI2 

decreases w i t h  temperature down t o  4 K. I n  s p i t e  o f  
weak T-dependence one can n o t i c e  t h e  change i n  t h e  
cha rac te r  o f  t h i s  dependence near 72 I:; t h i e  is  appre- 
c i a  b l e  by s u s c e p t i b i l i t y  d e r i v a t i v e  a n a l y s i s  (dy/dT= m). 
Above 72 IC t h e  s a l t s  is a , ,meta l - l ike"  semiconductor 
w i t h  t h e  l a r g e ,  s t r o n g l y  T-dependent m o b i l i t y . '  I t  e l -  
lows us t o  consider  t h e  h i g h  temperature s u s c e p t i b i l i -  
t y  as D sum o f  P o u l i  s u s c e p t i b i l i t y  and T-dependent 
component descr ibed e i t h e r  by thermaly  a c t i v a t e d  func- 
t i o n  o f  B/T exp(-A/T). where d is  an a c t i v a t i o n  ener- 
gy, near 370 I< ,  and B i s  an a d j u s t a b l e  constant  equals  
0.2, o r  by Lee, R ice  and Anderson' model w i t h  To=360 IC 

and lo =2.3x10m4 e.m.u./mole. Below 72 I< t h e  s a l t  i s  
t h e  semiconductor w i t h  bo th  c o n d u c t i v i t y  end suscep t i -  
b i l i t y  thermal  a c t i v a t e d .  Me ob ta ined  an agreement 
w i t h  t h e  experiment, d e s c r i b i n g  t h e  l ow  temperature 
s u s c e p t i b i l i t y  by 

- TCNQ + MPh t 
? p a r a  - pa rs  )(para 

TCNQ = A/T exp(-A /T) where p = 55.5 I< and with T era  
'Wht !s v e r y  weakly T-dependent f u n c t i o n  o f  Bonner- 

-F i sche r  type. 
The magnetic e u s c e p t i b i l i t y  o f  MQuin(TCN% a t  

h i g h  temperature ( T > 8 0  I < )  can be considered a8 a Pau- 
li type  s u s c e p t i b i l i t y ,  below t h i s  temperature t h e  Cu- 
r i e  l i k e  component dominate. The p r i n c i p a l  g va lues  
and t h e i r  d i r e c t i o n  cos ines a r e  g i v e n  i n  Table 1. 

x pa 3 
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124 A. GRAJA n al. 

The f a c t  t h a t  t h e  g - f a c t o r  o f  t h o  s a l t s  approx i -  
mates t h e  g-tensor o f  a s i n g l e  TCNQ molecule showa 
t h e t  t h e  c o n t r i b u t i o n  of  t h e  donor molecules i s  n e g l i -  

g i b l e  as w e l l  es t h e t  t h e  g - f a c t o r  i n  these s a l t s  i s  
una f fec ted  by t h e  i n t e r c h a i n  d e l o c a l i z a t i o n .  

TABLE I The p r i n c i p a l  g va lues  and t h e  d i r e c -  
t i o n  cosines. 

Sample g - f a c t o r  d i r e c t i o n  cos ines 

NPh t TCP?Y2 g,=2.00258 
g 5.2.00337 

g,=2.00236 
PrPht TCNQ2 g,=2.00236 

g =2.00337 
g,=2.00331 

k1Quin TCPlQ2 9,=2.00312 
gy=2. 00374 
g,=2.00259 

Y 

Y 

.4473 .3162 
,147 .a967 

.a822 -.3098 

. 5 m  .a2 

.4812 -.323 
-6641 -,4725 

.1406 .6495 

.9636 .0834 

.2272 -.755a 

~~~ ~ 

.a366 
- .4176 

-. 354 
.129 

-. 8149 
- .5794 

.7472 

.2533 
-.614 

The exper imenta l  angu la r  v a r i a t i o n s  o f  A l l  i n  

PrPht (TCNQ)* can by f a i r l y  w e l l  descr ibed by  an expres- 
s i o n  g i ven  by Takagi  end Kawebe. 4 

AH = L(3 cos20 - I ) ~  + /3 sin4Q (2) 
where 
magnetic f i e l d  end t h e  normal t o  t h e  magnetic l a y e r s  

o r  t he  X-axis ,&and @ a r e  T-dependent parameters 
(Fig.3). A l a r g e  exchange i n t e r a c t i o n  o r  h i g h  magnetic 
d i l u t i o n  e f f e c t  can be r e s p o n s i b l e  for t h i s  small ~ 1 - I .  

G is en ang le  between t h e  d i r e c t i o n  o f  a p p l i e d  
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