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         Observation  of  the  X-ray  Diffuse  Scattering  and

         the  Nonlinear  Conduction  in  (MSe4)2! (M=Ta and  Nb}

            H.Fujishita,  M.Sato  and  S.Hoshino

         Institute  for  Selid  State  Physics,  University  of

         Tokyo,  7-22-1,  Roppongi,  Minato-ku,  Tokyo  106

      X-ray  diffraction  and  eonductivity  measureETTents  have  been  made  on

      
(MSe4)2I,(M=Ta

 
and

 
Nb).

 A  phase  transition  of  {NbSe4)2I was  found

      and
 
the

 
transition

 temperature  Tc  vtas  determined  to  be  about  210K

      
by

 
the

 
conductivity

 measurement.  For  CTaSe4)2I, Tc was  about  260K

      as  reported  previously.  Superlattice  reflections  due  to  the  for-

      raation  of  charge  density  wave(CDW)  in (TaSe ) I were  observed  at
                                         42

      points  q=(± O.05,
 ±O.05,  ±e.085}.  

The
 type  of  CDW  of  (NbSe4)2I is

      
knoom

 
to

 
be

 
identieal

 to  that  of  (TaSe4)21. Temperature  depen-

      dence  of  the  threshold  electric  field of  nonlinear  conductiv ±ty  is

      consistent  with  the  result  in previous  reports.

gl rntroduction

     Quasi  one  dimensional  conductors  are  known  to  have  phonon
$oftning

 
at

 
2kF

 through  an  electron-phonon  coupling.  where  kE is a

Fermi
 
momentum.

 
These

 phonons  induce  structural  phase  transitionst

or  Peierls  transitions,and  lattice  modulations  associated  w ±th  elec-

tron  charge  density  wave{CDW)  occur.  Nonlinear  conductivity  found

in  the  low  temperature  phase  is considered  to  be  caused  by  the  sLiding

motion  of  the  CDW.  When  an  applied  electric  field  becomes  larger

than
 

a
 

certain
 threshold  value  Et,  the  sliding  motion  sets  in

against  the  pinning  force  due  to  irnpurities  or  some  othermechanisms.

     In  this  paper  we  report  the
                                              t

results  of  X-ray  diffraction  and

conductivity  measurements  on

(TaSe4)2I  and  (NbSe4)2I.  Gressier

et  al.i)  have  analyzed  a  room-tern--

perature  
structure

 of  {TaSe4)2I･
It  has  the  tetragonal  syrnmetry  and

the  lattice  nararneters  are  a=            .

      o o

9.531  A  and  c=12.824  A.  The  struc-

ture  has  a  marked  one  dimensional

character  as  shown  in Fig.1.  Each

chain  of  Ta  atoms  along  the  c  axis

is surrounded  by  Se  atoms.  ! atoras
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Eig.1  Structure  projection  en

the  ab  plane  reported  by  Gressier
     l} 

･
et  al.
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are  between  the  chains.  wang  et  al.2>  and  biaki et  al.3)  found  a

phase  
transition

 
oi

 (TaSe4)2I  by  conductivity  measurernents.  They

also  found  nonlinear  conductiviLLy  below  Tctr260K.  In  the  series  oi

cornpoundst  the  presence  of  {NbSe4)3! has  been  known  for  a long  tirne.4)
              - t
Its

 
structure

 
is

 quite  
sirnUar

 to  that  of  (TaSe4)2I,  but  the  perio--
dicity  along  the  c  direction  is  1.5  times  as  large  as  that  of'

 (TaSe4}2X. On  the  other  hand  in  the  present  experiinent,  we  pre-

pared  a  compound  with  Nb  atoins  which  has  almost  the  same  lattice

parameters  as  those  of  (TaSe4)2I.  Then  we  be!ieve  the  cornpound  has

a
 
formula

 
of

 (NbSe4)2I  
for

 
the

 
reas.ons

 stated  later.  (NbSe4)2I  is

known  to  have  a  phase  transition  at  about  210K  by  conductivity

measurement.  As  an  evidence  of  the  CDW  forrttation  either  for

(TaSe4>2I  and  (NbSe4)2Ir we  observed  the  superlattice  reflections

near  the  fundamental  Bragg  points  in  the  low  temperature  phase.

Above  Tc.  the  diffuse  scattering  in  a  plane  perpendicular  to  the  c*

axis
 has  been  observed.  Threshold  fields  of  nonlinear  conductivity

for  both  compounds  have  $ ±milar  temperature  dependence  and  consist=

ent  with  the  previous  results  obtained  by  wang  et  al.2)  and  Maki  et
   3)al.

g2 Experirnental

     
Singie

 
crystais

 
of

 (TaSe4>2I  and  CNbSe4>2I were  prepared  6y
reactions  of  stoichiometr ±c  mixtures  of  constituents  in  evacuated

quartz  eubes  at  abopt  SOOeC.  For  both  compounds,  needle  like

single  crystaZs  were  obtained.  This ±s  thesame  methodas  previously
                      2}
reported  by  Malci  et  al.

    Measurements  of  DC  resistivity  R(T)  were  performed  by  the  fotir

terminal  technique.  Contact$  of  leadwireswere  made  with  siiver

paint.  Nonlinear  conductivity  was  studied  by  both  I-V  curve  and

diEferencial  resistance  dV/dl  measurements  as  a  function  of  Dc

current.  In  order  to  avoid  an  increase  of  sample  temperature,  we

used  very  thin  needle  crystals.

     X-xay  Laue  photographs  and  oscillation  photographs  around  ct

were  taken  for  both  cornpounds  at  room  ternperature  and  at

low  temperature.  respectively.  R ±gaku  rotating  anode  X-ray

generator  operated  at  50,kV 80rnA was  used.  CuKa  radiation  wi`Lh  Ni

filter  was  ut ±lized.  Diffraction  intensity  measurerments  of

(raSe4)2I  were  carried  out  using  a  step  sacn  
method

 
on

 
Rigaku

computer-contr611ed  automatic  four-circle  X--ray  diffractometer.

CuKa  radiation  monochromatized  by  a  graphite  crystal  was  obtained
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from  lkW  X-ray  generator  in  this  case.  The  sample  crystais  were

cooled  by  a  regulated'nit=ogen  vapor  strearn.

g3 Results

  3.1  Non!inear  conductivity

     Low  field  DC  resistL'vity  R(T)  and  nonlinear  conductivity  of

                                                               2,3)
(TaSe4>2I  have  been  already  reported  asa  function  oftemperature.

We  also  made  these  rReasurements  for  bpth  corrtpounds  in  order  to  know

the  transport  properties  of  the  present  samples.

    Results  of  measureinents  of  R(T>

are  shown  in  Fig.2.  Measurernents

of  (TaSe4)2I  have  reproduced  the

                            2r3)
results  reported  previously.

Though  (NbSe4)2I has  a  phase  tran-

sition  at  about  210K,  gradients

dlogR(T)/d(!IT)  are  aimost  the

same  for  both.samples  in the  low

temperature  phases.  This  fact  sup-

ports  that  the  compound  is not

 (NbSe4>31  but  (NbSe4)21.  Both  com-

pounds  show  
"nonraetallic"

 behavior

near  room  temperature.

     Beiow  Tc  threshold  eldctric

fields  Et(T}  of  nonlinear  conduct-
-Jivity

 
in

 {TaSe4>21  and  (NbSe4)2r
decrease  with  increasing  tempera-

ture  as  reported  by  the  prev ±ous

        2,3)
authors.              We  observed  noniinear

conduction  even  above  Tc.  Howeverr

more  careful  measurement  is

necessary  to  contirm  the  nonlinear

conduction
 above  Tc  by  removing

possible  suprious  effects.

  3.2  X-ray  diffraction

     X-ray  diffraction  rneasurement

existenceof  CDW  state,  In  the

tion  photographsofboth  compounds

perature  phase.  They  are  shown  in

can  be  seen  near  the  fundarnental

10

cn)

10

to

R

10

10

    glves

present

   have

    Fig.3.

  Bragg

1
 

Fig.2  Temperature  dependence

oi
 

resistivity
 in  (MSe4)2I, {M=

Ta  and  Nb).

  a  direct  evidence  fot  the

experiment,  X-ray  oscUla--

been  taken  in the  low  tern-

    Superlattice  reflections

spots.  Though  resolutions
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orr  two  photographs  are

existence  of  the  same

isc ";-

 difierent,detailed

type  modulation  in

(a)

IS

 examination  indicates  the

these  compounds.

              (b)

            i i

    Fig.3  x-ray  oscillat.`.on  patterns  with  CuKa  radia･Lion  from  {TaSe4)2I at

    200K{a)  and  (NbSe4)2r  at  130K(b).  On  both  patterns  
the

 
ct

 
direction

 
is

    vertical.  Arrows  indicate  superlattice  reflections.

     Diffraction  intensity  map  around  (5S4) Bragg  reflection  on

the  plane  with  2=3.915  in  the  reciprocal  spaceof  (TaSe4)2r  rueaSured

by  the  four-circle  diffractometer
                                          - O.1a'ny
is  shovm  in  Eig.4.  Four  peaks  are

observed  around  the  Bragg  reflection

on  this  plane.  On  the  photograph  of

Fig.3(a),  eight  superlattice  spots

are  seen  around  the  left  hand

fundamental  one.  Four  of  them

are  due  to  the  CuKa  radiatien.
                   2
Because  the  vertical  resolution  is

not  sharp  enough  to  resolve  two

superlattice  peaks  on  a  Une  along

cde,  these  reflections  appear  as  an

elongated  peak.  Thus  the  four

superlattice  spots  with  the  same  fl

on  the  photograph  correspond  to

four  peaks  in Fig.4.  rn  Fig.3(b}

the  split  along  ct  can  clearly  be

seen  because  of  the  better  resolu-

tion.  Profiles  of  the  superlattice

reflectionsalongc'  for  (TaSe4)2I
superlattice  reflections

apart  from  the  fundaraental  Bragg

intensities  of  superlattice

the  atbt  pLane  but  along  the  ct
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         are

appear  at  the  pomts  q=C±O

       spots.

   reflections

      direction

1on
 bt

1
 .

Flg.4  X-ray  diffractiQn  intens ±ty

map  around  (554} Bragg  reflection  on

the  plane  witi  2=3.91S  in the  reeip-

rocal
 

space
 

of
 (TaSe4)2:. Contour

lines  are  drown  at  uneaual.  intervals.

 presented  in Eig.5.  rhese

   
'
 

'

 .05, ±O.OS, ±O.08S)

   Remarkabie  asyr"imetry  of  the

   was  observed  not  enly  on

     as  well.
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     Fig.6.  shows  the  temperature.

dependence  of  peak  intensity  of  super-

lattice  reflection  (5.05, 4.95,  3.915).

The  transition  seems  to  be second  or-

der.  Temperature  dependence  of  the

wave  vector  of  superlattice  reiiec-

tions  was  not  observed.  Fig.7  exhibits

a  comparison  of  proijles  .along  at  of

the  superlattice  reflection  and  the

diffuse  scattering  at  280K.  The  iull

w ±dths  at  ha!f  maximuirt(FWHM)  of  the

superlattice  reflection  and  the

diffuse  scattering  are  O.038at  and

O.10ade  respectively.  The  profUe  of

the  diffuse  scattering  along  c ±
 is

shown  in Fig.8.  Xt  is difficult

to  deduce  the  FWHM  of  the  diffuse

scattermg  along  cX,  because  an-

other  diffuse  scattering  was  observed

at  2==4.0.  Therefore  we  cannot  discuss

the  dtfference  between  the  correlation

lengths  along  at  and  c'.  The  diffuse

scattering  at  2=4.0  was  observed  in
the  Laue  photograph  at  room

temperature  as  shown  in Fig.9,

which  was  ta]cen  using  Ni  f±lter.  The

diffuse  scattering  was  also  observed

±n  the  Laue  pho=ograph  of  (NbSe4)2I･

At  present  i.t ±s  not  clear  whether  the

diffuse  scattering  condenses  to  super-

lattice  reflections  or  not.

fi4 Dzscussions

     The  superlattice  reflections  of

the  cornpounds  (MSe4>2I,CM=Ta  and  
Nb)

observed  near'  the  fundarner}tal  Bragg

spogs  give  the  d;rect  evidence  for  the

formation'of,CDW.  These  superlatt.ice

reflections  were  expected  by

3.8

Fig.Sfilestxonsfl)

 and

      4.0 4,2
      1

 X-ray  diffraction  pro-

of  superlattice  reflec-

along  c'  at  (5.0S  4.9S,

 at  (4-9Sr S･05r  2)-

Fig  6oE

 peak

iattice

4.95  3

    Tlk

Temperature  depenc!ence

 intensity  of  superL

 rEf!ection  at  {s.os

.91S) rc2260K.

-260-



Bussei Kenkyu

NII-Electronic Library Service

BusseiKenkyu

Fig.7  Comparison  of  profiles

of  the  superlattice  reflectzon

along  a'  at  137K  and  the

diffuse  scattering  at  280K.

xloa

 3

:2moecusz

 1

o

silo (h,4.95,3.915)

  -t37K
  e280K

5.0 5,1h 5.2 5.S

Fig.8diffuse

along  ct

Profile  of  the

scattering

 at  280K.

xtos

vmlthoovz

o

<5.0S.4.95.t)

.

.

. -

3.8 X9 409 4.t 4.2

Fig.9  x-ray  Laue  photograph  of  (TaSe

with  CuKa  radiation  using  Ni  filter.

vertical.  1trrows  indicate  the  diffuse

with  2--i'.nteger.,

4)2I  
at

 
room

 
temperature

The  c'  direction  iS

 scattering  on  the  plane
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          2)
Wang  et  al.             to  appear  near  the  fundamental  spots.  Based  on  an

assumption
 of  a  purely  ionic  crystal  of  a formula  M4+M5+4(se22-)i-.

they
 
deduced

 2kF  to  be 2T/c,  which  is exactly  equal  to  ehe  recipro-

cai  vector  ct.  The  super ±attiee  refleetions  were  observed  at

points  O.Og5c'  apart  from  the  fundamental  spots  along  c'  ior

(TaSe4}2I･  Then  2kF  instabUity  can  be  considered  to  oceur  at

i.085ct  due  to  an  incomplete  ionicity.

     The  value  of  the  wave  vector  of  CDW  perpendicular  
`Lo

 the  quasi
one  dimensional  axis  seerns  not  to  beeasily  understood.  Asymmetry  of

the  intensities  oE  superiattice  refleetions  along  c ± and  in  the

a'b'  p!ane  is quite  remarkable.  If  we  assume  that  the  transition

is due  to  a  condensation  of  the  acoustic  phononwith  the  wave  vecto-r

q=(O.OS,  O.05,  O.085),  the  asymrnetry  can  not  be  exp!ained.  This

may  support  ±he  ±dea  that  the  CDW  has  a  wave  vector  component

1.085ck.  The  deta ±led  assignment  of  the  CDW  rernains  as  a  future

problem.

     (NbSe4)21 shows  the  same  physical  properties  as  those  of

(TaSe4)2!;  their  la`-'･ tice  parameters  are  almost  the  same  and  the

temperature  dependences  oi  the  resistivities  of  boch  compounds  show

siinilar  behavior.  In  addition,  the  types  of  the  CDW  are  identical.

These  facts  assure  that  the  Nb  compound  has  the  forrnula (NbSe4)2I-

     Diffuse  scattering  on  the  plane  with  £ =i'nteger  remains  un-

¢ larified.  It  seems  necessary  to  examine  it  in  detail  for  the

further  understanding  of  the  transition.
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