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ABSTRACT 

Data on the  thermal expansion c o e f f i c i e n t s  of some 

Morpholinium-TCNQ s a l t s  a r e  presented.  Measurements 

were c a r r i e d  out with the  help of a Michelson 

i n  t e rf e r ome t e r . 

1. I N T R O D U C T I O N  

Compounds of Morpholinium d e r i v a t i v e s  and 

Tetracyanoquinodimethane(TCNQ) form c r y s t a l l i n e ,  

organic ,  quasi-one-dimensional e l e c t r i c a l  conductors.  

The conduct ivi ty  of these conductors is a n i s o t r o p i c  : 

e l e c t r o n s  (and ho le s )  can move more f r e e l y  along the  

s t acks  of TCNQ molecules than i n  o the r  d i r e c t i o n s .  The 

t r a n s f e r  i n t e g r a l  a f f e c t s  t he  e l e c t r i c a l  conduct ivi ty  

and s t rong ly  depends on the intermolecular  d i s t ance .  

Therefore  information on the  thermal expansion i n  t h e  

s t a c k  d i r e c t i o n  is important f o r  a b e t t e r  understanding 

of t he  temperature dependence of the conduct ivi ty  i n  

these  materials ' .  The thermal expansion measurements 

reported i n  ref - 4  were c a r r i e d  out by x-ray d i f f r a c t i o n .  

Such measurements provide information on the temperature 

dependence of t he  c rys t a l log raph ic  u n i t  c e l l .  
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The accuracy of t h i s  method is  l i m i t e d  by the  f a c t  t h a t  

the e f f e c t  of thermal expansion on the u n i t  ce l l  i s  

r e l a t i v e l y  small .  Hence the  expansion c o e f f i c i e n t s  a r e  

obtained by observing the d i f f e r e n c e  i n  the u n i t  c e l l  

parameters a t  two widely d i f f e r e n t  temperatures.  

In the p re sen t  paper w e  p re sen t  the r e s u l t  of an 

i n t e r f  erometr ic  determination of the thermal expansion 

c o e f f i c i e n t .  This method has the  advantage t h a t  i t  i s  

much more s e n s i t i v e ;  hence thermal expansion can be 

s tud ied  i n  a r a t h e r  narrow temperature i n t e r v a l .  The 

i n t e r f  erometr ic  method d i f f e r s  from the x-ray experiment 

i n  t h a t  i t  measures bulk expansion r a t h e r  than t h e  

change i n  the  c r y s t a l l o g r a p h i c  u n i t  c e l l .  I n  our 

experiment w e  have only s tud ied  the thermal expansion i n  

the  d i r e c t i o n  of the TCNQ s t acks .  

2.EXPERIMENTS AND RESULTS 

Typical c r y s t a l  dimensions a r e  3 x 0.2 x 0.2 mm 3 . On 
n 

top of these c r y s t a l s  a t h i n  mi r ro r ,  3 x 3 x 0.15 mm’, 

was glued. The bottom of the  c r y s t a l  was glued on a 

mirror ,  the temperature of which was c o n t r o l l e d  with a 

P e l t i e r  element and measured with a Platinum r e s i s t a n c e .  

E i the r  of t hese  mirrors  served as  one of t h e  two mirrors  

i n  a Michelson interferometer .  The t r a n s l a t i o n  of both 

mirrors  was measured as  a f u n c t i o n  of temperature and 

t h e  d i f f e rence  i n  t r a n s l a t i o n  y i e l d s  the  thermal 

expansion of the c r y s t a l .  The thermal expansion 

c o e f f i c i e n t  was measured i n  t h e  temperature range from 

270 t o t  330 K. From a check of our experimental  accuracy 

with a t e s t  sample of copper with a l eng th  of 12 mm we 

obtained a thermal expansion c o e f f i c i e n t  of 
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-6 15.9 2 1.0 . 10 

16.6 

t h e  measurements of t he  thermal expansion c o e f f i c i e n t s  

of some Morpholinium TCNQ sa l t s  a r e  g iven  i n  t h e  t a b l e .  

I n  t h e  temperature range cons idered  t h e s e  values are 

independent of temperature.  

K-l i n  agreement wi th  t h e  va lue  of 

K-' quoted i n  t h e  l i t e r a t u r e 2 .  The r e s u l t s  of 

TABLE : 

material : thermal expansion 

coef f i c i e n t  

Methyl Ethyl Morph. (TCNQ)l 1.16 + - 0.09 10-4 ~ - 1  

Methyl Ethyl M o ~ ~ ~ . ( T C N Q ) ~  0.91 + - 0.06 10-4 ~ - 1  

Methyl norm.Buty1 Morph.(TCNQ)2 1.90 + - 0.12 10-4 ~ - 1  

Hydrogen norm.Buty1 Morph.(TCNQ)2 1.08 + - 0.12 K - ~  

Methyl Ethyl t h i o  Morph.(TCNQ)2 1.44 + - 0.13 K-' 

Hydrogen norm.Buty1 t h i o  Morph.(TCNQ)2 0.89 + - 0.08 K-' 

Note t h a t  t hese  are r e l a t i v e l y  l a r g e  thermal expansion 

c o e f f i c i e n t ,  t y p i c a l  a f a c t o r  100 l a r g e r  than  f o r  

copper. Methyl Ethyl Morpholinium (TCNQ)2 showed a 

phase - t r ans i t i on  a t  about 333k with  a h y s t e r i s i s  of 2K. 
i n  good agreement wi th  r e f .  3 .  For two of t h e  compounds 

s t u d i e d  X-ray d i f f r a c t i o n  d a t a  are a v a i l a b l e  4 :  

Methyl Ethyl Morph. (TCNQ)l 1.07 10-4 ~ - 1  

Methyl Ethyl t h i o  MO~P~. (TCNQ)~  1.08 ~ - 1  

i n  f a i r  agreement wi th  our measurements. The d e v i a t i o n  

i n  Methyl Ethyl t h i o  Morpholinium (TCNQ)2 cou ld  ar ise  

from c r v s t a l  d e f e c t s  no t  a f f e c t i n e  X-rav measuremen t s .  
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f a c t o r  two the  same thermal expansion c o e f f i c i e n t  i n  the 

s t a c k  d i r e c t i o n  and t h i s  holds t r u e  a l s o  f o r 5  TTF-TCNQ 

(1.5 7') and another  charge t r a n s f e r  s a l t  (TMTSF)2 
-4 K-l) 

FS03 (1.2 + - 0.1 10 

ACKNOWLEDGEMENTS 

This work was performed as a p a r t  of the research 

program of t h e  S t i c h t i n g  voor Fundamenteel Onderzoek de r  

Mater ie  (FOM). 

REFERENCES 

1. G. Jansen, R. Visser, H.Th. Jonkman, J. de Boer and 

J. Kommandeur. 

T rans fe r  i n t e g r a l s  f o r  TCNQ sa l t s  

Journal de Physique C3 1587 (1983). 

2 .  Handbook of Chemistry and Phys ic s ,  52nd ed. (1972). 

3.  S. Huizinga, J. Kommandeur, G.A. Sawatzky, B.T. 

Thole, K. Kopinga, W.J .M.  de Jonge, J. Roos. 

Spin Peierls t r a n s i t i o n  i n  N-methyl-N-ethyl 

morpholinium-ditetracyanoquinodimethanide [MEM- 

(TCNQ) 2 
Phys. Rev B 19 , 4723 (1979). - 

4 .  R.J.J. Visser, J.L. de Boer 

S t r u c t u r a l  Aspects of Subs t i t u t ed  Morpholinum TCNQ 

Complexes 

Journal de Physique C3 1219 (1983). 

5. A. Kranse, H.W. Schitfer,,  H.W. Helberg 
T h a r m a l  Evnanainn of Oreanic Conductors 

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

0:
25

 2
1 

Fe
br

ua
ry

 2
01

3 


