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ELECTRICAL TRANSPORT PROPERTIES O F  2H-TaS2 INTERCALATION 
COMPOUNDS WITH VARIABLE CHARGE TRANSFER 

W .  BIBERACHER and A .  LERF 
Walther-Meissner-Institut f u r  Tief tempera tur forschung 
D-8046 Garching, F.R.G. 

A b s t r a c t  W e  r e p o r t  on low tempera ture  measurements o f  t h e  
e l e c t r i c a l  r e s i s t i v i t y ,  t h e  H a l l  c o e f f i c i e n t  and t h e  magneto- 
r e s i s t a n c e  i n  hydrated potassium i n t e r c a l a t i o n  compounds of 
2H-TaS2, where t h e  s t o i c h i o m e t r y  and hence t h e  charge  t r a n s -  
f e r  can be var ied .  

INTRODUCTION 

The e l e c t r i c a l  t r a n s p o r t  p r o p e r t i e s  of  2H-MCh2 l a y e r e d  compounds 
( M  = Nb, T a ,  Ch = S ,  Se)  have been s t u d i e d  i n  d e t a i l ’ ,  b u t  o n l y  
l i t t l e  i s  known about  t h e s e  p r o p e r t i e s  i n  i n t e r c a l a t i o n  compounds. 
I n  t h e  c a s e  of 2H-TaS2 a t  T1.78 K a phase t r a n s i t i o n  t o  a charge- 
density-wave (CDW) s t a t e  o c c u r s  which i s  i n d i c a t e d  by a smal l  rise 
i n  t h e  e l e c t r i c a l  r e s i s t i v i t y  p and a f a s t e r  d e c r e a s e  of p below 
t h e  o n s e t  temperature ,  i n  a chanue of t h e  H a l l  c o e f f i c i e n t  from 
p o s i t i v e  t o  n e g a t i v e  s i g n  and a cusp i n  t h e  magnetic s u s c e p t i b i l i t y .  
I t  is known t h a t  t h e s e  anomalies  are p a r t i a l l y  or t o t a l l y s u p p r e s s e d  
by i n t e r c a l a t i o n  of organic  molecules’. I n  most of t h e s e  samples 
t h e  amount of charge t r a n s f e r  i s  not  known and i t s  i n f l u e n c e  i s  
t h e r e f o r e  not  d i s c u s s e d .  

The hydrated potassium i n t e r c a l a t i o n  compounds of  t h e  formula 
Kx(H20)yTaS2 a r e  comparable t o  t h e  phases  wi th  o r g a n i c  molecules  as  
f a r  a s  t h e  an iso t ropy  of p h y s i c a l  p r o p e r t i e s  i s  concerned3.  A c o m -  
p l e t e  charge t r a n s f e r  of  t h e  potassium 4s-e lec t ron  to  t h e  conduc- 
t i o n  band of t h e  TaS2 i s  guaranteed  by t h e  r e l a t i v e l y  h igh  l a y e r  
s e p a r a t i o n  (Ad = 3 81, which i s  mainly caused by t h e  water molecules. 
The e lec t rochemica l  p r e p a r a t i o n  technique  a l lows  t o  de te rmine  t h e  
s to ich iometry  x of t h e  sample (and hereby t h e  charge t r a n s f e r )  and 
t o  a d j u s t  it between x = 0 . 2 7  and 0 . 4 5  ’. 
t r i c a l  r e s i s t i v i t y  p,  t h e  H a l l  c o e f f i c i e n t  RH and t h e  magnetore- 
s i s t a n c e  of t h e s e  samples a s  a f u n c t i o n  of  charge t r a n s f e r .  

Here w e  r e p o r t  f o r  t h e  f i r s t  t i m e  on measurements of t h e  elec- 

EXPERIMENTAL 

Thin s i n g l e  c r y s t a l s  of 2H-TaS2, prepared  by t h e  vapour phase t r a n s -  
p o r t  r e a c t i o n  and a subsequent  annea l ing  procedure3,  w e r e  c u t  i n t o  
a r e c t a n g u l a r  form ( 1 . 5  x 4 mm2) with  a r a z o r  b lade .  The e l e c t r o -  
i n t e r c a l a t i o n  of t h e  hydrated potassium i o n s  w a s  c a r r i e d  o u t  a t  
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room temperature  i n  an aqueous s o l u t i o n  o f  K2SO4 (0.5 m) under g a l -  
v a n o s t a t i c  c o n d i t i o n s .  We used a f o u r  probe c o n f i g u r a t i o n  and a dc- 
method f o r  t h e  measurements of  p and RH. A l l  d a t a  r e p o r t e d  h e r e  
were taken  i n  a t r a n s v e r s e  c o n f i g u r a t i o n ,  i .e .  t h e  c u r r e n t  I pa- 
r a l l e l  to t h e  l a y e r s  and t h e  magnet ic  f i e l d  p e r p e n d i c u l a r  t o  the 
l a y e r s .  I n  o r d e r  t o  c o r r e c t  f o r  misal ignments  of  t h e  c o n t a c t s  f o r  
t h e  measurements of t h e  magnetores i s tance  and H a l l  c o e f f i c i e n t ,  
t h e  magnetic f i e l d  w a s  a p p l i e d  i n  both  d i r e c t i o n s .  

RESULTS AND DISCUSSION 

The i n t e r c a l a t i o n  of K+/H20 i n t o  2H-TaS2 h a s  o n l y  a small e f f e c t  on 
t h e  e lectr ical  r e s i s t i v i t y  p a t  room tempera ture ,  if t h e  volume in-  
crease is neglec ted  (2H-TaS2: P = 120 pshn; h 3 3  (H20)yTaS2: p% 150pQm). 
On t h e  c o n t r a r y  t h e  tempera ture  dependence of p i s  changed drasti- 
c a l l y ,  as  is shown i n  f i g .  l a  for a sample w i t h  x = 0.33. The ano- 
maly i n  P a t  CDW o n s e t  temperature  i n  2H-TaS2 is completely wiped 
ou t  i n  %.33(H20) "as2 (see i n s e r t  of f i g .  la) and t h e r e  is no ob- 
v ious  o t h e r  anomary to  be seen.  The r e s i d u a l  r e s i s t a n c e  ra t ios  RRR 
of t h e  i n t e r c a l a t e d  samples ranged from 20 to  35 (2H-TaS2: RRR = 
70 - 80) i n d i c a t i n g  a h i g h  q u a l i t y  o f  t h e s e  compounds. Furthermore 
w e  analysed t h e  r e s i s t i v i t y  a t  l o w  tempera tures  (T< 25 K) and t r i e d  
t o  f i t  t h e  d a t a  by t h e  u s u a l  formula R = Ro + ATP, The i d e a l  re- 
s i s t a n c e  R-% f o r  a sample wi th  x = 0.33 is shown i n  f i g .  lb to -  

g e t h e r  w i t h  a t h e o r e t i c a l  curve  
R-R, = AT2*9. The dependence of 
t h e  exponent p on t h e  s t o i c h i o -  
metrv x i s  n i v e n i n t h e  fo l lowinq  

10 1s 20 25 
T i K )  

FIGURE 1 a)  E l e c t r i c a l  r e s i s t a n c e  as a f u n c t i o n  of tempera ture  f o r  
a sample 33(H20)yTaS2 (y 0 . 6 ) ;  i n s e r t :  comparison w i t h  2H-TaS2 
around 78 K I  b) log-log p l o t  of t h e  i d e a l  r e s i s t a n c e  (see t e x t )  

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 



INTERCALATION COMPOUNDS WITH VARIABLE CHARGE TRANSFERS 151 

impl ies  a cons iderable  cont r ibu-  
t i o n  of s-d s c a t t e r i n g  and there-  
f o r e  a rise of t h e  d e n s i t y  of 
s t a t s a t  EF compared t o  2E-TaS2. 

of t h e  CDW occurs .  The a n a l y s i s o f  2~ 
T h i s  is expected i f  a suppression 

l o w  temperature  behavior  of  p ( T )  
g i v e s  t h e r e f o r e  a f u r t h e r  c o n f i r -  
mation f o r  t h e  absence of s t r o n g  o 

J 

3 
5 ~ 0 ) 1 0  / I 1 

1 T = O K  

t a b l e :  

x 0.28 0.305 0.33 0.365 0 . 4 2  2H-TaS2 
p 3.0 3 .O 2.9 3.4 3.4 4.0 

A q u a l i t a t i v e  understanding of t h e s e  r e s u l t s  i s  p o s s i b l e  i n  a 
model proposed by Nai to  and Tanakal f o r  t h e  b i n a r y  2H-compounds. 
These a u t h o r s  assume two bands wi th  v e r y  d i f f e r e n t  m o b i l i t y ,  e .g .  
s- and d-band. 
phases  show, t h a t  t h e  conduct ion band i s  a narrow d-band, wi th  t h e  
Fenni energy EF near  a maximum of t h e  d e n s i t y  of  s ta tes  N ( E ) .  An 
o v e r l a p  wi th  a s - l i k e  band i s  not  proposed by t h e o r e t i c a l  c a l c u l a t i o n s  
b u t  t h e r e  i s  somexper imenta l  evidence f o r  t h i s  i n  2H-TaS2 5.) I n  
t h i s  model t h e  e l e c t r i c a l  r e s i s t i v i t y  caused by t h e  electron-phonon 
s c a t t e r i n g  h a s  t w o  main p a r t s :  i) pss,which d e s c r i b e s  s c a t t e r i n g  
w i t h i n  t h e  s-band and which shows t h e  u s u a l  T5-dependence; ii) Psd,  
which d e s c r i b e s  s-d s c a t t e r i n g ;  t h e  temperature  dependence of t h i s  
p a r t  i s  complex. A f t e r  Nai to  and Tanaka t h e  observed T3 dependence 
of t h e  i d e a l  r e s i s t i v i t y  i n  2H-NbS2 and 2H-NbSez1 i s  caused b y s t r o n g  
s-d s c a t t e r i n g  i n  t h e s e  compounds, which show no or o n l y  weak CDW 
e f f e c t s , r e s p e c t i v e l y ,  and t h e r e f o r e  have a h igh  N ( E F )  i n  t h e  d-band. 
I n  2H-TaS2 and 2H-TaSe2, which show s t r o n g  CDW e f f e c t s ,  s p e c i f i c  h e a t  
measurements i n d i c a t e  a cons iderable  r e d u c t i o n  of N ( E F )  i n  t h e  d i s -  
t o r t e d  phase. Therefore  t h e  i n f l u e n c e  of s-d s c a t t e r i n g  i s  reduced 
and one measures a T4 o r  T5 dependence, r e s p e c t i v e l y ,  i n  t h e s e  
compounds’ . 

(Band s t r u c t u r e  c a l c u l a t i o n s 4  f o r  t h e  u n d i s t o r t e d  2H- 

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 



152 

by a n  anomalous f i e l d d e p e n d e n c e  a8 
of RH even a t  low f i e l d s  i n  t h e  
CDW state. These e f f e c t s  werealso o., 
found i n  o u r  b i n a r y  2H-TaS2 samp- 
les3. I n  c o n t r a s t  t o  t h i s  t h e  i n t e r  
c a l a t e d  compounds d o n ’ t  show t h i s  gas 
anomalous behavior :  as it is  demon- 2 
s t r a t e d  i n  t h e  i n s e r t  of f i g .  2 pa5 
f o r  Kg.33(H20)yTaS2, t h e r e i s o n l y  8 

0.L a small d e v i a t i o n  from a l i n e a r  
r e l a t i o n s h i p  between t h e  H a l l v o l -  
t a g e  UH and t h e  a p p l i e d  f i e l d  f o r  
h igh  f i e l d s .  The UH(B)-curves f o r  
compounds wi th  o t h e r  sbikhiometries 
x are very  similar. I n  f i g .  2 w e  0.2 
p r e s e n t  t h e  deduced l o w  f i e l d H a l l  
c o e f f i c i e n t  as a f u n c t i o n  o f  x a t  o., 
T = g K . A l l  i n t e r c a l a t e d  samples 

0 
show a p o s i t i v e  s i g n  of R ~ a t l o w  

b i n a r y  compounds. These r e s u l t s  
f u r t h e r  i n d i c a t e  t h e  suppress ion  
of  t h e  CDW phase and t h e  s t r o n g  
i n f l u e n c e  of  t h e  charge t r a n s f e r ,  

of 2H-TaS2 and k . 3 3  (H20)y.TaS2 i s  
p l o t t e d  v e r s u s  the magnetic f i e l d  a t  l o w  tempera tures ,  The observed 
curve  f o r  2H-TaS2 is v e r y  similar t o  the  r e s u l t s  o f  Naito andTanaka 
f o r  ZH-TaSeZ and 2H-NbSez1. These a u t h o r s  t r y  t o  e x p l a i n  t h e  a lmost  
l i n e a r  dependence for h i g h e r  f i e l d s  by magnet ic  breakdown i n  theCDW 
phase. The magnetores i s tance  f o r  t h e  i n t e r c a l a t e d  compound shows a 
d i f f e r e n t  and a lso anomalous behavior .  I n  t h e  sample wi thx=O.33 w e  
could  n o t  f i n d  a B2 dependence of t h e  magnetores i s tance ,  which i s  
t o  be  expected t h e o r e t i c a l l y  a t  low f i e l d s ,  even f o r  B < 0 . 1  T. The 
measurements were done i n  the tempera ture  r a n g e  between 6 and 15 K 
( q . 3 3 ( H 2 0 )  TaS2 becomes superconduct ing a t  5.5 K). The sampleswi th  
a lower o r  Xigher  potassium c o n t e n t  x show t h e  same behavior  of t h e  
magnetoresis tance,  b u t  there seems t o  be a Bz dependence for  B < 0.1T. 
An explana t ion  of  t h e s e  d a t a  i s  not  p o s s i b l e  a t  p r e s e n t .  F o r a b e t t e r  
understanding more t h e o r e t i c a l  r e s e a r c h  (e.g. b a n d s t r u c t u r e  c a l c u l a -  
t i o n s )  and experimental  work are r e q u i r e d .  
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