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 T'he field dependc.,nces of' ta]e electrical  resistan:e  are  reperted  for RSb2  (R==La, Ce, ?r, Nd  and

Sm)  single  crystals.  Three  of  them  (R--Ce, ?r aRd  Nd)  shows  some  metamagnetic  transitions,

which  aa'e  briefiy comparedi  with  the iy],agnetizatiori  reported  previously. Pressure effeces  up  to

2 GPa  are  also  shown  tbr R==La, Ce, Py.
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Sl. fiEgairodii2ctiova

  The  light rare-earth  diamtimonides RSb2  (it ==  la--Nd,
Srn) crystallize  in the  orthorhombic  SmSb2  strncture.i,  

2)

[E]hjs structure  is highly amisotropic,  httviug two  uRique

Sb sites and  one  unique  Rsite. The  magnetic  and  trans-

port properties  of  these compeunds  have m,ot been well

known  for several  decades. Oniy a  little was  known  as

fol]ows: LaSb2  is a  superconductor  of  [r}NO.4 K,3) CeSb2
is a  ferromagnet having [ll]:=1.5 K4) ancfi PrSb2  is a  ae-

tiferr.ornagnet of" T}i =5.1  K. Successfu'l growth  of  hi,gh

quality single  crystals  of  th,ese compou,nds  allows  us to

proceed in detailed investigatiens and  make  clear  t/hat

these have a  lot of  jntercsting electronic  and  magnetie

properties sllch  as  rnagnetic  order  or metamagnetism  at

lowternperature.
  [I]hese properties are  highly anisotropic  reflecting  {;he

t,wo dimensiona} orthorhornbic  crystal  struceure.  The
magnetism  in RSb2  cornpounds  depends stTong]y  on  the

R-R  distance. These  facts impiy that the electronic

structure  of  RSb2 is affected  largely by an  applicatton

of  pressure. Recent]y we  have reported  the results of  the
          t t
electrical  resistance  measuremont  at  var]ous  pressures
and  magnetic  fields for PrSb2,6'7) Mairi x'esults  are  that

(1) some  rnetarnagnetic  transitions are  found and  tend

to  be  srneared  out  at  high pressure abovc  2 (IPa lil<e an

anL'irerromagnetic  transition, (2) hurnp-iike ancmaly  in
R(T)  curve  at  T".Jl.OO K,  possibly originating  fi'orn the

charge-density  wave,  and  its large pressure dependence
are  obsez'ved.

  HeTe  we  rreport  the recent/  resuks  of  zerc}pressure  mag-

netoresistance  up  to 15 [[i amd  its pressure effect  up  t/e

5 T  for some  RSb2  corr],pounds.

g2. ExperirnentaEMethodi

  Simgle crystais  of  RSb2  were  grown  out  of  antimony

fiux,4,") 
'liypicag

 sample  size  for measurement  was  a  rect/-

angle  of  2 × 1 ×  O.3 mm3,  which  was  cut  from the  plate

which  grows  perpendicular to the c-axis. U'he long side

of  the rectangle  was  one  of  a-  and  b-axis, though  it was

impossib!e to detect exact  crystal  axis  because of  dilil-24

culty  of Laue  di'ffiraction. The  e}ectricai  resistance  was

measured  by a  standard  dc four probe method  down  to

O.5 K  at  ambient  pressure and  down  to 2 K  at  pressures.
'Irhe

 inagnetic  field was  appiied  in perpendicular to both

of  plane-axis <c-axis) and  current-axis  (a- or  b-axis) up  to

15 'T

 at  ambient  pressure amd  to 5 [E] at  high pressures.
Hydrostatic pressure  up  to 21 kbar was  generated by

means  ot' Cu-Be cylindeT  and  W(]  piston. 
"I"he

 detail of
tke high pressure  apparatus  was  deseribed previously.8)

g3. Resangts andi  Discussgorm

 Figure  1 shows  p(ff) curves  at  various  temperatures

at  afnbient  pressure for RSb2 (B,r-Ce, Pr, Nd,  Sm), It
is clear  seen  that sharp  changes  in resistance  occur  aL

eertain  magnetic  fields foT R:=Ce, Pr, Nd. [I]hese seerr]

to a]rnost  correspond  to the step  like cha'nges  in magne-
tization reported  by  Bu(l'ko et  al. fbr one  direction of

t･he iriagnetic  field iii the ab-plane  except  for the  value

of  magnetic  field at  which  metarriagnetic  transition  oc-

curs.9}  T}ie difference is considered  te be due to the difL
ference of  the direction of magnetic  field in ab-piane.

  CeSb2 i,s not  a  sirnple  ferromagnet but is one  having
complex  spin  structures  cleariy  Dbserved  as anGmalies

in the temperature  derivative of  the  resistivity  dpldT

and  the magnetization  d(MT)IH'dT  at  15.5, 11.7 and

9.3 K,.9) It･ shows  some  metarnagneeic  transitiolls refiect-

ing such  complexity  in magnetic  o'rdering.  The  
'field

 de-

pendience  of  the resistance  for CeSb2 is interpreted as

follows; the sharp  increase at  Iowest Iield and  the  drop  orr

the  kink at  about  l T  axe  possibly asseciated  with  some

idnd of  spin-ffip  ordering  processes  to e.2 and  O.4 LtBICe,
respect,ively.  The  next  change  untii  R  drops at  about

3 T  may  be dtie to  the  spin  rotation  where  rr]agnetiza-

tion gradually increases. [Ihe ordered  state  above  3 

'1]

 is
expected  to have  some  fun-type structure  having the net
rnagnetization  of  1.1 uBICe.

  IDrSb2 orders  antiferromagnetica],ly  at  5.1 K  showim,g

a  resistanc;e  drop accompanied  by a  slight  uptllm  which

may  due to a  gap fbrmation at the  Femii  level. 
rg'he

R(ff) curve  of  PrSb2 aL  1.5 K  shows  two  clear  discontin-
uous  changes  at  about  O.5 T  and  1.5 T. These metamr
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Fig,1,  Magnetoresistance  at  arnbient  pressure for (a) CeSb2,  {b) l'rSb2,(.n.) NdSb?  nnd  {d) SmSb2,

agnetic  transitions becomes less clear  at  higher ternper･-
ature  4,2 K  but the R(")  curve  above  5 T  is almost  the

same  for different temperatures. Other interesting fear
ture occurs  at O,5 K  (not shown  here): the R(Il) curve

shows  hysteresis at  a  range  below the magnetic  field of

large drop at 1.5 T.

  Most exotic  variation  of  ghe magnetoresistance  is seen

fbr NdSb2, however,  it is difieult to make  clear  the  cor-

respondence  to the metaxnagnetic  transition observed  in

the magnetizatien.
  There  is no  metamagnetic  transition in the field range
of  H' <15  T  for SmSb2. The  magne:oresistance  of  SmSb2
becomes as !arge as  ever  15 times that at  zero  field, re-

flecting the  high purity of  the sample.  In addition  to

this, the Shubnikov-de Haas oscillation  is observed  above

10 T.

  Figure 2 shows  the electrical  resistaRce  of  ItaSb? at

4.2 K  as  a  function of  the magnetic  field at various  pres-
sures.  At arnbient  pressure (P=O kbar), R  increases al-
most  linearly with  the field up  to 5 T  becoming larger
than  double  that at  zero-field,  With  increasing pressure
R  decreases and  the change  in R  by magnetic  field AR
also  becomes sma}I.

 Effect of pressure on  the field depelldences of  the  electri-

cal  resiseance  of  CeSb2 at  4.2 K  is illustratecl in Fig, 3,
R  shows  a  sharp  increase below  0.5 T  and  drops at  l

and  3 T  corresponding  to the metamagnetic  transitions

as  mentiened  above.  The drops in R(ff) curve  ure sifted

to higher field and  disappeared above  12 kbar  (the data
at  pressures below 12 kbam are  not  shown  here). [rhe
fiTst metamagnetic  transition also  shifts to high ff of

O.8

  a.6Aorg.ve.4sc

O.2

oo
1 2H(T)3 4 s

Fig, 2. Field dependent  electrice.1  resistance  R(H)  at  4,2 K  fbr

 LaSb2  at  various  pressure,  The data above  13 kbar (not shoyvn
 here) are  lltt}e dlfferent from that at  9 kbar.

1 T  and  i.s smearecl  at  2.1 kbar, These axe  considered

t]o have cEose  relation  with  Lhe pressure dependence ef

A;he temperatures  at  which  the R([l]) curve  has anoma-
]ies, The  anomagy  at 15,5 K  shifts to  higher temperature
ancl  that at  17.7 K  opposingly  gees down  with  increas-
i,ng pTessure, Beth  of  these anomalies  in R(7i) become
less cleav  at  21 kba,r. [I]he whole  dependence against  the
magnetic  field iends to be strong  at  high pressures: R

at  2.1 kbar decTeases initially showing  quadratic  behatr-
ior and  becomes  a]inost  a  half of  that at  zero-field.  The

Btriking  e/nhancemeot  of  the value  of  R  at  low tempeTa-
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pad and  Sm)  and  their pressure deperAdences. It is ob-
yious  that the  magnetic  structures  of  these compounds
are  very  complex.  The study  of  the rnttgnetization  at

high prossure is highly desAred to make  the anomalo'us

magnetoTesistance  clear.

  On  the oeher  hand, it becorraes obvious  frem recent

experiinents  that there  nre  pressure-anduced large hys-
teresis behaviors in the  R(T) curved  for R=  Y.]n, Ce and

Pr. Z"he high pressure X-ray  difliraction stud}r  is now  on

progress to ciarify  the origin  of  such  anomalies.
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Fig. 3. The  electrical  Tesistance  Ro'f  CeSb2  E,s a  fufictio" of  mag-

 metlc  field ff at  high pressure.
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ture by pressllre Es axnique  propci'ties gn RSb2 (R=Ce),
whicli  inay  be  associated  wEt;h  the Koiide effbct.  Similar
change  ofR(T)  at  low ternperature gndliced by pvessuTe

is repovted  in rnonoantimongde  CeSb,

 Figure 4 shows  the R(ff) of  PrSb2 at  4.2 K for various
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Fig, 4.
 sures.The

 gnagnetoresistance  of  PTSb2  at  4.2 K  for various  pres-

pressures. The  discontinuous changes  observed  at 2 I(
are  less clear  at 4.2 K but these are  seell  as  a  small  hunip
and  a  sharp  peak, respectively.  [fi]he higher tramsitioit
field seems  to increase with  pressure up  to 1.0 kbar and

to decrease witli  ftirther pressurising. The  peak  becomes

smeared  at high pressures,

94. Ccncgension

  Wle report  in this paper  the data of  magTietoresistance

of  high q.uality single  crystals  of  RSb2 (R=La, Ce, Pr,
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