
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 11:55
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

Electrical Properties in (SN)X

and Doped (SN)X Crystal-
Magnetoresistance at Low
Temperature (0.2 – 4.2 K)
K. Kaneto a , S. Sasa a , K. Yoshino a & Y. Inuishi a
a Department of Electrical Engineering, Faculty of
Engineering, Osaka University, Suita, Osaka, Japan
Version of record first published: 14 Oct 2011.

To cite this article: K. Kaneto , S. Sasa , K. Yoshino & Y. Inuishi (1982): Electrical
Properties in (SN)X and Doped (SN)X Crystal-Magnetoresistance at Low Temperature
(0.2 – 4.2 K), Molecular Crystals and Liquid Crystals, 86:1, 189-193

To link to this article:  http://dx.doi.org/10.1080/00268948208073684

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
independently verified with primary sources. The publisher shall not be liable

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208073684
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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

1:
55

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Crpr. Liq. Crysr., 1982, Vol. 86, pp. 189-193 
00268941/82/860 1-01 89$06.50/0 
0 1982 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

(Proceedings of the International Conference on Low-Dimensional Conductors, Boulder, 
Colorado, August 1981) 

ELECTRICAL PROPERTIES IN (SN)x AND DOPED (SN)x 
CRYSTAL-MAGNETORESISTANCE AT LOW TEMPERATURE 
(0.2 - 4.2 K) 

K. KANETO, S. SASA, K. YOSHINO and Y. INUISHI 
Department of Electrical Engineering, Faculty of 
Engineering, Osaka University\ Suita, Osaka, Japan 

Received f o r  publication August 31, 1981 

The electrical resistivity of (SN)x along the b-axis 
increases by several times upon doping with sodium. 
Temperature dependence of resistivity does not change 
remarkably from that of pristine (SN)x. These experi- 
mental results are discussed comparing with the case 
of halogen doping. Transverse magnetoresistance (%f.@ 
of pristine (SN)x crystal are measured in the tempera- 
ture range of 0.2 - 4.2 K and magnetic field up to 
90 kG. With the configuration of (magnetic field) I ( 
b-axis) // (current direction), 4~f?& at 0.2 K increases 
linearly with magnetic field ((40 kG), followed by 
saturation, contrary to the case at 4.2 K, at which 
temperature Ap/g depends quadratically on the magnetic 
field. 

I. SODIUM DOPING OF (SN)x CRYSTAL 

Electrical 
properties4y in halogen (acceptor)doped (SN)x are studied 
intensively. However, donor doping in (SN)x has not been 
studied until now. In this paper, preliminary experimental 
results on electrical resistivity of sodium doped (SN)x will 
be reported and discussed, comparing with the case of bromine 

roperties, ” 2, superconduc t ivi ty3) and magnetic 

This work is partially supported by Grant in Aid for 
Scientific Reseach from the Ministry of Education, culture 
and Science of Japan. 
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190/[ 19301 K. KANETO et ai. 

doping. 

sample i n t o  t h e  s o l u t i o n  of Na+ naphthalene" 
Electrical r e s i s t i v i t y  of Na i o n  s o l u t i o n  is about s e v e r a l  
hundred &m, which is much g r e a t e r  than t h a t  of (SN)x 
c r y s t a l  by s e v e r a l  o rder  of magnitudes. 
probes were c a r e f u l l y  contacted by p res s ing  t h e  sample onto 
Au l ead  w i r e s  wi th  30 pm diameter  which were arranged on a 
ceramic holder .  

r e s i s t i v i t y  normalized t o  the  o r i g i n a l  va lue  of (SN)x a f t e r  
immersing t h e  sample i n  Na+ naphthalene' s o l u t i o n  a t  ca. 
20 C. The e lectr ical  r e s i s t i v i t y  of (SNIx along the  b- 
a x i s  i nc reases  by s e v e r a l  times i n  N a +  naphtha leng  s o l u t i o n  
as shown i n  Fig.1 ( a ) ,  cont ra ry  t o  t h e  case of bromine 
doping of Fig.1 (b) ,  i n  which resist ivit ies are normalized 
t o  the  o r i g i n a l  va lue  a t  290 K. 

Electrical  r e s i s t i v i t y  of N a  doped (SN)x decreases  by 
exposing t o  t h e  bromine vapour and recovers  t o  the  va lue  of 
p r i s t i n e  (SN)x, i n d i c a t i n g  the  fac t  t h a t  t he  cha rac to r  of 
donor of Na is compensated by the  acceptor  of bromine. 

temperature dependences of r e s i s t i v i t i e s  of p r i s t i n e ,  Na 
doped and bromine doped (SNIx, r e spec t ive ly .  Temperature 
dependence of r e s i s t i v i t y  i n  Na doped (SN)x does not  change 
remarkably from t h a t  of p r i s t i n e  (SN)x, namely 9-C T2, as 
shown i n  Fig. 2 (b). The increase  of r e s i s t i v i t y  i n  N a  
doped (SN)x is not  considered t o  be due t o  t h e  decomposition 
of (SN)x by the  Na ion  and/or THF. 

Sodium doping of (SN)x is c a r r i e d  ou t  by immersing the  
i n  THF. 

Four electrical  

Curve ( a )  i n  Fig.1 shows t h e  t y p i c a l  t i m e  dependence of 

Curves (a ) ,  (b) and (c )  i n  Fig.  2 show t h e  t y p i c a l  

The reasons are 

2, I 

time (rnin) 

I d  

'Y 

t i i e  (min) 

FIGURE 1 
(a)  sodium doping, (b) bromine doping of (SN)x, which are 
normalized t o  the  o r i g i n a l  value. 

T i m e  dependences of electrical r e s i s t i v i t y  i n  
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ELECTRICAL PROPERTIES OF (SN). [1931]/191 

temperature (K) 

FIGURE 2 
p r i s t i n e ,  (b) Na doped and (c )  Bromine doped (SN)x. 

Temperature dependence of resist ivit ies i n  (a) 

fol lowing.  (i) The increased r e s i s t i v i t y  upon Na doping 
was recovered t o  the  o r i g i n a l  va lue  by the  compensation 
with bromine. ( i i )  The increased  r e s i d u a l  r e s i s t i v i t y  
observed below 20 K w a s  very  small and should b e  n e g l i g i b l e  
above 100 K, s i n c e  the decomposition (SN)x c r y s t a l  by the  
mechanical stress o r  by hea t ing  above 60 C increased  remark- 
ab ly  i n  r e s i d u a l  r e ~ i s t a n c e . ~ )  ( i i i )  The decompos (SN)x 
enhanced i n  the  negat ive p a r t  of magnetoresistance. '? The 
experimental f a c t  t h a t  t he  magnetoresis tance of N a  doped 
(SN)x a t  4.2 K d id  not enhance i n  nega t ive  p a r t  of magneto- 
r e s i s t a n c e ,  i n d i c a t i n g  no decomposition of (SN)x c r y s t a l .  

I n  the  case of bromine doped (SN)x, the  electrical  
r e s i s t i v i t y  decreases by about one order  of magnitude as 
shown i n  Fig.1 (b) and t h e  temperature dependence of resis- 
t i v i t y  becomes much less than the  quadra t i c  dependence as 
shown i n  Fig.2 ( c ) .  These f a c t s  of bromine doped (SN)x 
are explained wi th  the  idea  of p-type conversion of (SN)x 
by bromine of acceptor  na tu re  and decrease of e lec t ron-  
ho le  Umklapp s c a t t e r i n g  probability!) 
r e s i s t i v i t y  observed i n  sodium doped (SN)x should suggest  
the  decrease of e f f e c t i v e  carrier dens i ty  andfor  decrease  
of c a r r i e r  mobi l i ty  which means t h a t  t h e  p r o b a b i l i t y  of 

The increased  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

1:
55

 2
1 

Fe
br

ua
ry

 2
01

3 



192/[1932] K. KANETO er ul. 

t he  e lectron-hole  Umklapp s c a t t e r i n g  is not  maximum a t  t h e  
i n t r i n s i c  (SN)x and may becomes l a r g e r  by donor doping. 

A t  t h i s  s t a g e  of experiment, however, d e t a i l e d  mecha- 
nisms are not  known and now under s tudy .  

11. MAGNETORESISTANCE OF (SNlx CRYSTAL AT LOW TEMPERATURE 
(0.2 - 4.2 K). 

(SN)x polymer is known as a h ighly  a n i s o t r o p i c  semimetal, 
and seve ra l  models of Fermi su r face  are proposed t h e o r e t i -  
 ally.^) 
i n v e s t i g a t e  experimental ly  t h e  Fermi s u r f a c e  of i n t r i n s i c  
(SN)x and whether (SN)x is semimetal or no t .  

s i s t a n c e  AP/$ v s  magnetic f i e l d  i n  (SN)x c r y s t a l  f o r  t he  
var ious  temperatures of 0.2,  1.0 and 4.2 K, r e spec t ive ly ,  
with the  conf igu ra t ion  of (magnetic f i e l d )  I ( cu r ren t  d i rec-  
t i on )  // (b-axis).  A t  0.2 K,  a l though (SN)x c r y s t a l  is 
superconductive,  8 is regarded as t h e  r e s i s t i v i t y  of 
normal s t a t e  i n  a low magnetic f i e l d .  

magnetic f i e l d  up t o  40 kG, followed by s a t u r a t i o n  wi thout  
showing negat ive  p a r t  of magnetoresis tance as shown i n  
Fig.  3 ( a ) ,  con t r a ry  t o  t h e  case a t  4.2 K, in t h a t  tempera- 
t u r e  Af/! depends q u a d r a t i c a l l y  on t h e  magnetic f i e l d  
shown i n  Fig.  3 ( c )  . 

The purpose of t h i s  experiment has  been t o  

Curves i n  Fig.  3 ( a ) ,  (b) and (c) show the  magnetore- 

4% a t  0.2 K inc reases  l i n e a r l y  wi th  inc reas ing  t h e  

magnetic f ield (kG) 

FIGURE 3 Magnetoresistance of pure (SN)x a t  low tempera- 
t u r e  of ( a )  0.2 K,  (b) 1.0 K and (c)  4.2 K 
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ELECTRICAL PROPERTIES OF (SN)= [ 1933]/193 

These linear dependence and saturation of magnetoresistance 
are also observed slightly at 1.0 K as shown in Fig. 3 (b) 

The quadratic dependence of magnetoresistance at 
higher temperature ( >  4.2 K) are well known.8) 
linear dependence of magnetoresistance observed below 1.0 K 
has not been observed, however, which may be due to break 
down of supercondution by the application of magnetic field 
and/or intrinsic behavior of (SN)x itself. 

give conclusive remarks about the results on magnetoresis- 
tance below the temperature of 1.0 K. Detailed experiment 
on the angular dependence of magnetoresistance and analysis 
are now under progress. 

These 

At this preliminary stage of experiment, we can not 
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