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STRUCTURAL PHASE TRANSITION I N  (NbSeq) 31 

MITSURU IZUMI ,  TOSHIAKI IWAZUMI,  KUNIMITSU UCHINOKURA,  
RYOZO YOSHIZAKP AND ETSUYUKI MATSUURA 
I n s t i t u t e  of Phys ics ,  + I n s t i t u t e  o f  Applied Phys ics ,  
U n i v e r s i t y  o f  Tsukuba, I b a r a k i  305, JAPAN 

A b s t r a c t  We have s t u d i e d  t h e  second-order s t r u c t u r a l  phase 
t r a n s i t i o n  o f  (NbSeqI3I on t h e  b a s i s  o f  dc-e lec t r ica l -  
r e s i s t i v i t y  and x- ray-d i f f rac t ion  measurements. No evidence o f  
t h e  charge-density-wave formation h a s  been observed.  Typica l  
d c  r e s i s t i v i t y  and H a l l  c o e f f i c i e n t  a t  295 K are 1.4 ohnbcm 
and -6 x lom6 m3Ca1, r e s p e c t i v e l y .  (NbSe4131 h a s  t h e  
a s p e c t s  which d i f f e r  from t h o s e  observed i n  o t h e r  r e l a t e d  
compounds, (NbSe4)10/31, (NbSe4)zI and (TaSe4121. 

INTRODUCTION 

The l inear -cha in  compounds (MX4),Y (M=Nb,Ta: X=S,Se; Y = C l , B r , I :  

n=2,3.10/3,4) promise a new developement o f  t h e  s t u d y  o f  t r a n s i -  

tion-metal chalcogenides .  ' Among them (NbSe4 31 has  been 

known s i n c e  1977.2 It has  been assigned as  a narrow-gap semicon- 

d u c t o r  and t h e r e  h a s  been no r e p o r t  of a phase t r a n s i t i o n  u n t i l  

1983. l '~  We have found o u t  t h e  evidence o f  a phase t r a n s i t i o n  in 

(NbSe4I3I by dc e l e c t r i c a l  r e s i s t i v i t y ,  f a r - i n f r a r e d  reflec- 

t a n c e  and x-ray d i f f r a c t i o n  .6 *7 E l e c t r o n - d i f f r a c t i o n  s t u d y  by 

Roucau e t  a l .  h a s  a l s o  confirmed t h e  e x i s t e n c e  o f  t h e  phase t r a n s i -  
t ion .8  The mot iva t ion  of our work is t o  c l a r i f y  t h e  c h a r a c t e r i s -  

tics of t h e  newly observed phase t r a n s i t i o n  in t h i s  canpound. 

DC ELECTRICAL RESISTIVITY AND HALL COEFFICIENT 

Both t h e  d c  e l e c t r i c a l  r e s i s t i v i t y  and the Hall c o e f f i c i e n t  were 
measured a t  295 K.  The magnetic f i e l d  up t o  1.45 T was used. The d c  

1s 

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:
07

 2
0 

Fe
br

ua
ry

 2
01

3 



16 M. IZUMl er al. 

r e s i s t i v i t y  a long t h e  c chain a x i s  a t  zero  magnet ic  f i e l d  was typi-  

c a l l y  1.4 ohnkcm. Hall vol tage  was measured on t h r e e  samples and it 
was p r o p o r t i o n a l  t o  t h e  magnetic f i e l d  w i t h i n  our  exper imenta l  
accuracy. The Hall c o e f f i c i e n t  was -6 x 
assume simply t h e  e x i s t e n c e  of  o n l y  one type  of carrier, the ob- 

served Hall c o e f f i c i e n t  corresponds t o  t h e  e l e c t r o n  d e n s i t y  of  1 x 

m3C-l. If we 

The number o f  t h e  e l e c t r o n  per  Nb atom is-10'4. 
The r e s u l t  s t r o n g l y  s u p p o r t s  the conclus ion  of t h e  e l e c t r o n i c  band 
c a l c u l a t i o n 9 ,  i .e. ,  (NbSe 
Dc r e s i s t i v i t y  is  shown a s  a f u n c t i o n  of temperature  i n  Fig.  1. 
R e s i s t i v i t y  anomaly was observed around 274 K.  The shape o f  t h e  

r e s i s t i v i t y  anomaly wi th  r e s p e c t  t o  t h e  i n v e r s e  tempera ture  
s t r o n g l y  depends on t h e  sample, I n  F ig .  1 t h e  sample e x h i b i t s  o n l y  
t h e  i n c r e a s e  of  t h e  r e s i s t i v i t y  i n s t e a d  of the f e a t u r e  of t h e  
meta l - insu la tor  t r a n s i t i o n  as shown i n  Fig.  1 of  ref. 6. 
Meerschaut5 and Gressier e t  a l . '  have r e p o r t e d  t h a t  t h e r e  a r e  
o n l y  two k inds  o f  ac t iva t ion- type  conduct ion a t  low temperatures .  

However, i n  our  case ,  t h e  conduction p r o p e r t y  a t  low temperature  
s t r o n g l y  depends on t h e  sample and is  c h a r a c t e r i z e d  by the v a r i o u s  
v a l u e s  o f  the  a c t i v a t i o n  energy. 

I is p r i m a r i l y  a semiconductor. 4 3  

X-RAY DIFFRACTION AND THE PHASE TRANSITION 

To i n v e s t i g a t e  t h e  c o r r e l a t i o n  between t h e  r e s i s t i v i t y  anomaly and 
t h e  x-ray d i f f r a c t i o n  we performed both  o f  t h e  measurements on t h e  
same sample. F igure  2 shows t h e  i n t e g r a t e d  i n t e n s i t y  o f  t h e  

(0,5,12) r e f l e c t i o n  a s  a f u n c t i o n  o f  temperature .  The r e f l e c t i o n  a t  
(O,k ,Z)  p o i n t ,  where k+l=2n+l ,  is most s e n s i t i v e  t o  t h e  phase t ran-  
s i t i o n .  T r a n s i t i o n  temperature  (T,) was 274.2 K .  More d e t a i l e d  
s tudy  o f  t h i s  sample h a s  been r e p o r t e d  i n  another  paper.7 After 

the x-ray measurement we measured d c  e l e c t r i c a l  r e s i s t a n c e  of t h e  

i d e n t i c a l  sample (see Fig.  1 ) .  A cont inuous  r e s i s t a n c e  anomaly was 
observed around 274 K.  Good c o r r e l a t i o n  was achieved between t h e  
r e s i s t i v e  anomaly and the s t r u c t u r a l  v a r i a t i o n .  Between 296 K and 7 
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STRUCTURAL PHASE TRANSITION IN (NbSeAl 17 

K no o t h e r  phase t r a n s i t i o n  has  been observed,  which h a s  a l s o  been 
confirmed by  fa r - inf ra red- ref lec tance  and Raman-scattering measure- 
ments.6s10 The observed phase t r a n s i t i o n  i s  n o t  a s s o c i a t e d  wi th  
t he  CDW formation.  We have proposed t h a t  t h e  p o s s i b l e  space group 
below Tc is P4, PF or  p4/m,7 
d i s p l a c e  along t h e  c cha in  axis  i n  t h e  low-temperature phase. I n  
t he  c a s e  o f  P4 we may observe t h e  f e r r o e l e c t r i c  phase t r a n s i t i o n .  
On the  o t h e r  hand, t h e  a n t i f e r r o e l e c t r i c  phase t r a n s i t i o n  may occur  
i n  t h e  c a s e  of  PC. 

T h i s  means t h a t  Nb and I atoms 

a 
10 1 I I I 

(NbSo4)3I SAMPLE #2 .... ...' 

P 
"3.25 3.50 3.75 4.00 4 

-3 -1 
l / T  (10 K > 

!5 

FIGURE 1 The d c  e lectr ical  r e s i s t a n c e  o f  (NbSe4131 a s  a 
func t ion  of  temperature .  The i n s e t  shows t h e  dc  
electrical r e s i s t a n c e  of t h e  i d e n t i c a l  sample down 
t o  175 K.  The sample was t h e  same t h a t  had been used 
i n  t he  x-ray s tudy  (see Fig.  2). 
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18 M. IZUMI er 01. 

FIGURE 2 Temperature dependence of the integrated i n t e n s i t y  
of (0,5,12) r e f l ec t ion  i n  (NbSe4131. 
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