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 We  have  synthesized  for thc first time  CePtP  single  crystals  and  found that  they  crystallize

in a  hcxageual YP{/As-type structure.  [Phe transport  aiLd  magnetic  properties  irtdicate a  strong

anisetropy.  The  electricai  resistivity  withixx  the  c-plane  beltaves like a  metal  and  has a                                                                   srriall

value,  while  it shows  a  much  large value  along  the c-axis.  n'om  the rnaglletic  and  specific  heat

rneasurements,  it is revea}ed  that  Cel'tP has sllccesslve  magnetic  phase  transitions with  Tk: aitd

l.i:.,,:g,3,･,i.a,:,d,i.K.E,ge,r.p,eg//.v.eiy.･,,,B,ea?rs,T,}g.E,`.h,e,.m,ftE",e,',lszp:i,'cgL,:}{:x.e,,a,ge.n.ff.t,ll:,i,aiti,s..at.lb4g,Ef
with  J  ==  5!2. The  magnetic  anisotropy  is strong  and  the easy  axis  ef  magnetization  lies along

t-he c-axis,  which  is cr.uite different from other  CePtX  (X==Sb, As) compounds.                                                          Rirthermore, the
suppression  of  the entropy  suggests  the existellce  of  two  dimensional features in this systern,

KEYWORDS/  CePtP, magnetic  anisotropy,  successive  transitions, two  dimenslone[ system

  Recently, ternary cerium  based compounds  have beeR
intensively investigated because of  their variety  of  un-

usual  physical properties. Among  them,  CePdXi' 3) and
CePtX4-7) (X==Sb, As), which  have a hexagonai struc-

ture, show  a  streng  anisotropy  in trallsport and  magnetic

pToperties. In these system,  p along  the  c-axis  exhibit-

s weak  temperature  dependences aiid  is two  orders  of

magnitude  larger than  that  within  the c-plane,  which

behaves like an  usual  metal.  As fo: xnagnetic  properties,

both CePdSb  and  CePdAs are  ferremagnets.3) In par-
ticular. CePdSb  has attracted  much  attention  because     'of

 it$ }iigh-ordering temperature  (Tt] =  1'7K) compared

to that of  the isostructural GdPdSb  (TN =  15.5K).')

Moreover,  bot･h compounds  haye bli easy  axis  o'f rnagneti-

zation  within  the c-plane  and  exhibit  siinilar  anisot-ropy.

In CePtX systern,  on  the eontrary,  the magnetic  states

vary  strongEy  with  variatien  of  pnictogen. CePtSb  is a

ferromagnet  ( rt: =  4.5K) with  am  easy  axis  within  the c-

plane and  shows  the strong  anisotropy  like as observed  in
CePdX.  CePtAs, on  the  other  hand,  is an  antiferromag-

net  with  Tts"=1 K  and  the  anisotropy  betweeri the c-axis

and  the c-planebecomes  very  small.6'7)  Ylarthermore, the

metamagnetic  anomaly  is observed  in the magnetization

curve  below 7be. In erder  t･o study  t･he varia.tion  of the
magnetic  state  of CePtX systematicall}r,  we  have  synthe-

sized  for the  first time CePtP  and  investigat/ed the  phys-
ical properies. In this paper, we  report  the experimental

results  of the electrlcal resistivity,  magnetic  susceptibili-

ty, magnetization  and  specific  heat of  CePtcr'.

  The single crystals  of CePtP used  in this experiinent
were  grown by  the  Bridgman  method  with  tungsten  cru-

c:ibles.  The  X-ray diffi/action study  confirms  that CePtP
crysta}lizes  in the YPtAs  type  hexagonal  structure  as

same  as CePtAs  and  has two  inequivalent Ce sites which

is slightly  different from that ef  CePtSb of  hexagonal
LiGaGe  type  with  one  symmetry  site (Fig. 1). (Althoug'h
we  have  reperted  that the crystal  st,ructure of  CePtAs132
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Fig. 1. 

'.rhe
 crystal  stmicture  of  YPtAs-type.

was  LiGaGe-type  in the previous papers,6'7) it becomes
clear  that  LaPtAs  crystallizes  in LiGaGe-type, but CeP-
tAs crystallizes  in the YPtAs  type  structure.)  The local
syminetries  of  Ce-I and  Ce-II are  trigonaL and  hexago-
nal,  respectively.  Lattice paraJrieters  calculated  from the
difft,actien pattern are  a  =  4.194Aand c =  16.02 A.

 The  temperature  dependences  of  the electrieal  resitivity

along  the a-aJcis  p. and  the  c-axis  p. are  shown  in Fig. 2.
The p. has smai1  value  and  shows  usual  metallic  behav-
ior. The  p., on  the other  hand, is much  larger than  p.
and  the ratio  p.Ip. increases frorn 35 to 118 with  decreas-
ing temperature  from  300 to 2K.  Moreover,  both p. and

p. exhibit  anomaly  at  around  3.1K, which  correspond

to the magnetic  transition as  mentioned  in the fo11owing.
NeaTly  the same  anisotropic  behaNior is observed  in the
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Fig, 2, The  temperature  dependences  of  the electrical  resitivity

 of  CePtP  along  the a-axis  (p.) and  ttie c-axis  (p.).
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Fig. 3. The  ternperature dependences  of  the inverse magnetic

 susceptibility  of  CePtP  along  the  a-axis  (x.) and  the c-axis  (xc).

isostructural compound  CePtAs.6) In that system,  the

fact that LaPtAs, the reference  compound  for CePtAs
as the second  best, also shows  the same  ttnisotropy  sug-

gests that the strong  anisotropy  of p is originated  from
the  shape  of  non-f  Pk)mi surface  of  La  compound,  We

can  consider  that it is also  the same  case  in CePtP,

 The  temperature dependences of  the inverse magnet-

ic susceptibility  along  the a-axis  x.  and  the c-axis  xc
are  shown  in Fig. 3. x. shows  the Curie Weiss behavior
above  150 K. On  the contramy,  x. deviates from the Curie
Weiss law below 150 K  and  shows  the strongly  anisotrop-

ic behavior. Effective Bohr magnetons,  pa.ff, estimated

above  200 K  are 2.54 and  2.42 for x. and  x., respectiveiy,
which  indicate that felectrons are  weil  localized in this
system.  As shown  in Fig. 4, x. has anomalies  at aTound

3.1K  and  1K.  These  anomalies  are  also  observed  in the

result  of  the specific  heat C as  shown  in Fig. 4, which

indieate that magnetic  phase  transitions occur  at each

t･emperature.

 The  field dependences of magnetizaion  for the mag-

netic  field along  the  a-axis  Mh  ancl  the  c-axis  ML  were

measured  at several  ternperaeures. Figure  5 shows  the

result-s rneasured  at 2K. MZ  increases ferromagnetically

at  Iow field and  reaches  to about  2 psB under  5T.  M.,  on

the other  hand, increases monotonically  with  increasing

field and  is much  smaller  than  M,, which  confirms  that

the c-axis  is an  easy  axis. In Arrot plots for M,, using

the genera.1 expression  M,2 =  A([rk] -  T) +  B(H!Ml,),
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Fig, 4, Ma,gnetic sttsceptibtlity  along  the

 heat at low  temperati.,re.
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Fig. 5. Magnetization curve  of  CePtP  along  the a-axis
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Fig. 6. Ma.gnetization curve  ef  CePtP  aloltg  the c-axis  at  O,45K.

 The low-fie}d region  is shown  in the  inset.

where  A  amd  B are  (:onstants,  we  find parallel lines and
the  zero  of' the  first term  is fbund at around  3.1 K. There-
fbre, ariorrtaly at 3.1 K corresponds  to the ferromagnetic
phase  transition with ordered  spins  along  with  the c-axis,

Figure 6 shows  the resu]ts  of  M},  the  easy  direction of
magnetization,  measured  at  O.45K.M.  shows  successive

anomalies  as  is indicated by arrows,  and  is saturated  to
2.14 paB ab  ove  3T,  which  is the saturation  magnetization

calculated  for Ce3+ with J =  5!2. Moreover, metamag-
rmetic  behavior  is observed  at around  O,08[I] as shown

in the inset. ca dependellce at 0.45K, in addition  to
the decrease of  x. below 1K,  are clear evidence  to sug-

NII-Electronic  



The Japan Society of Applied Physics

NII-Electronic Library Service

The  JapanSociety  of  Applied  Physics

134.LiA?  Series 11

g'
siwW

6s4321

        
･n

         as 1234S6

                  Temageeratuare (K)

Fig. 7. '1'he

 tempcratiire dependences ofthc  speteific heat under

 the  field of  1T  alen.o  the  c-axis,  The  result  in the  zero  field ls

 also  plottcd.

gest that the antiferromagnetic  phase  transit/ion occurs

at1K.

  It should  be noted  that the ariisotropy  of  the magnet-

ic pr'operties of  CePtX, (X=Sb, As, P) vary  drastically
with  a  variation  of pnietogen. 1'n CePtSb, the easy  di-
rectl,en exists within  the  c-planc,  alld  %.  and  x. depen-
dences axe just like x.  and  x.  of CePtP, respectively.8)
As  for CePtAs,  the  anisetropy  is very, srnall  aiid  both
%a  and  %. obey  the Curie Weiss law above  50K.6,7) One
of  the explanations  for the variation  of  

'L'he

 anisoeropy,

especially  the change  of  the easy.  axis  of  magnetizat-ion,

is that l5!2 >  component  in the ground  state  split  by
the  crystalline  field of Ce-I site increases with  variatioll

of  pnietogen from Sb to P. In CeP'.X, the nearest  Ce-
Ce distance within  the c-plane  decreases from  CePtSb
te CePtP,  alehough  that  of,between  c-plane  is scarcely

changed.  Tt can  be considered,  as  a  result,  that  forbital
tends to expands  within  the c-plane  raSher  than  along

the c-axis  because of  the advantages  for coulomb  energy,

leading to the enlargement  of  1512 >  component  in the

ground  state  wave  function. Based on  the calculatien  of

a erystalline  field ef CePtX, using  a point charge  model

with  an  ioiiic configuration  of Ce3+PtOX3L, the colltri-

bution ef  [112 >  ilt the ground state  of CePtSb is larger

than  that o-512  >, in qualitative agreement  with  the

neutron  study,5)  resulting  in the iar･ge rnomellt  withill

the  c-plane.  As  for the  result  of  CePtP, the  ground state
of  Ce-I site  ma.inly  consists  of  [512 >  and  the  magnetic

moment  exists  along  the c-axis,  in good  agreement  with

the magvetizatien  measurements.  As for Ce-II site of
CePtAs  and  CePtP, ground  state  is of  l512 >.
 Finaily, we  show  the thermal  properties ef  CePtP. Fig-
ure  7 shows  the  temperature  dependellces of  the  specific

heat under  the field of  1T  along  with  the  c-axis.  The  re-

sult  measured  in the zero  field is also  plotted for compar-
ison. By  applying  magnetic  field, the peak  at  3.1K  dis-
appears  and  another  broad maximum  is observed  around

5 K. 0n  Che contrary,  the peak at 1 K  shifts toward  lower
temperature.  Such rcsponses  of the peak  to the mag-
netic  fieid are typical for ferromagnet (higher peak) and

antiferromagnet  (lower peak) respectively  and  consistent

with  the  magnetic  behaviors. Figure 8 shows  t･he t･em-

perature dependences of  the entropy  S in the zero  field,
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Fig, 8, 
'I'he

 teriiperature dependences ofthe  entropy  S  in the zero

 field.

obtained  by integrating CIT  for 1'. S at 7iab and  7k] are
1.5 and  3.9JIKmol,  respectively,  which  are  much  srnall-

er t}iari Rln2  expected  from the ground  state  deublet

spl,.t by the crystalline  field. This  indicates that- short

range  magnetlc  interaction persists at  high temperature
compared  with  the transition temperatures  and  this sys-

tem  may  be suitably  clescribed  as  quasi-two-dirnensional
syster,n. Suc}i a feature of  C, or  S, is also  observed  in
the metarnagnetic  CePtAs,6,7} but not  found iit usual
ferromagnet CePtSb. It is suggested  that the anomalous

behaviors in the magnetization  curves  of CePtP, also  in
CePtAs, may  arise  from this two-dimensionality, and  we

need  more  detailed stiidies  to make  clear  the  origin  of

these anomalies.

  In summary,  the physical propert,ies of  CePtP  have

been experimentally  studied.  By  cornparison  with  the
results  of  CePtAs, the  strong  anisotropy  observed  in the
electrical  resistivity  should  originate  essentially  from the
iion-f  Fermi surface  of  La compound.  Magnetic  prop-
erties also  show  strong  anisotropy  with  easy  direction

along the c-axis.  It !s suggcsted  that the variation  of

the magnetic  ariisotropy  in CePtX  system  arises  mainly

from the stabilization  of .1>f  ==  15!2 >  state  of  trigonal

site due to contractioll  of  a-axis  with  X  from Sb to I'.
}furthermore, the  cstrious  behaviors, such  that sucees-

sive  magnetic  transitiens or anormalous  magnetization

curve  along  the c-axis  below [r}i , may  be originated  from
the  two-dlmensionality  of  inagnetic  interactions suggest-

ed  from  thc  suppression  of  the e"tropy,
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