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MAGNETIC PROPERTIES OF CePtSnUNDER PRESSURE�B. Janou²ováa, V. Se
hovskýa, Yu.V. Sushkoband T. Komatsubara
aDept. of Ele
troni
 Stru
tures, Charles University121 16 Prague 2, Cze
h Republi
bDept. of Physi
s and Astronomy, Univ. of Kentu
kyLexington, KY 40506-0055, USA
Dept. of Physi
s, Graduate S
hool of S
ien
e, Tohoku Univ.Sendai 980-8578, Japan(Re
eived July 10, 2002)We report on magneti
 sus
eptibility measurements on a CePtSn single
rystal under hydrostati
 pressures up to 0.82 GPa. Appli
ation of hydro-stati
 pressure on CePtSn leaves both the Néel temperature TN and theAF1�AF2 transition temperature TM nearly inta
t. This is rather un-expe
ted be
ause the volume 
ontra
tion was believed to be the mainreason for the transformation from the antiferromagneti
 Kondo metalwith TN = 7.5 CePtSn to a non-magneti
 Kondo semi-metal CeNiSnG.M. Kalvius et al., Physi
a B 289�290, 256 (2000). The only pressuree�e
t observed is a 25% redu
tion of low-temperature magnetization by thepressure of 0.82 GPa. A possible s
enario for physi
s of CePtSn is dis
usseda

ounting for the observed pressure e�e
ts.PACS numbers: 61.50.Ks, 74.62.Fj1. Introdu
tionWithin the CeTX series, CePtSn and CeNiSn are those of the mostinteresting 
ompounds. CeNiSn is a Kondo semi-metal with a very low
arrier density [2℄. Pe
uliar physi
al properties of CeNiSn are explainedin terms of a narrow gap (� 5 meV) in the density of states near theFermi level and a spin gap in the spe
trum of 
oherent antiferromagneti
(AF) ex
itations at low temperatures [3℄. CePtSn is a highly anisotropi
Kondo metal that exhibits three magneti
 phase transitions at 7.5, 5.0 and2.5 K [4�6℄. All the three magneti
 phases are AF with the magneti
 prop-agation ve
tor 
lose to 1/2 b*.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1039)



1040 B. Janou²ová et al.Physi
s of CePtSn 
an be strongly in�uen
ed by substitution of Ni forPt [7℄. The unit 
ell volume de
reases monotoni
ally with Ni doping, whi
his tentatively attributed to a gradual enhan
ement of the hybridization ofCe-4f ele
tron states with 
ondu
tion ele
tron states. As a 
onsequen
e, themagneti
 properties of Ce(Pt,Ni)Sn are altered. The loss of magnetism inthe CePt1�xNixSn series around x
r � 0:7 
orresponds to a volume redu
tionby approximately 1.5%.This was beleived to be due to the enhan
ed Kondo e�e
t with respe
tto the RKKY intera
tion, as 
orroborated by photoemission studies [8℄.The unit 
ell volume 
ontra
tion 
an be a
hieved also by applying hydro-stati
 pressure. Su
h an experiment has one big advantage over the 
hemi
alpressure � it avoids 
hanges of ele
troni
 stru
ture and stru
tural disorder.2. ExperimentalA single 
rystal of CePtSn was grown under Ar atmosphere by Czo
hral-ski method employing a tri-ar
 furna
e from melt of Ce (4 N), Pt (3 N)and Sn (5 N). The 
rystal quality was 
he
ked by X-rays and thermal-neutron di�ra
tion. Mi
roprobe analysis did not reveal any signi�
ant o�-stoi
hiometry. Approximately 8 mm3 re
tangular-shaped sample was 
utwith fa
es parallel to the three prin
ipal 
rystallographi
 dire
tions.The DC magnetization (sus
eptibility) measurements over the tempera-ture range 2�300 K, in a magneti
 �eld 0�5.5 T (applied along the 
rystal-lographi
 a and b-axes) and in hydrostati
 pressures up to 0.82 GPa were
arried out with the 
ommer
ial SQUID magnetometer (Quantum Design).The appli
ation of high pressures was enabled by employing a spe
ially de-signed 180 mm long Cu-Be pressure 
ell, linked via a Cu-Be 
apillary (3 mmo.d./0.3 mm i.d.) to a 
ompressor.3. ResultsFig. 1 shows the temperature dependen
e of sus
eptibility in the range1.8�8 K in B = 0:01 T k a-axis. The temperature of the sharp peak 
or-responding to TN (in this 
ase = 6.8 K) stays visibly una�e
ted by appliedpressure. The same holds for TM � 5:0 K whi
h is manifest by a 
hange ofslope on the sus
eptibility 
urve. The only 
onsiderable pressure e�e
t is aremarkable (25%) redu
tion of the magnetization at TN in the pressure of0.82 GPa. Similar e�e
ts were observed for B = 5:5 T where the two mag-neti
 phase transitions lie 
loser to ea
h other (TN = 6:5 K and TM = 5:2 K).Also here, the transition temperatures don't di�er from the ambient pressurevalues.



Magneti
 Properties of CePtSn Under Pressure 1041Another magneti
 phase transition is indi
ated in the low-pressure data.At ambient pressure the sus
eptibility exhibits a temperature hysteresis(from 2.4 K to 3.5 K). This transition has been previously revealed by neu-tron di�ra
tion as a slight 
hange of the magneti
 propagation ve
tor andenhan
ement of intensity of the 
orresponding magneti
 peak. Both featuresshow the same temperature hysteresis [9℄. This transition is suppressed byapplied hydrostati
 pressure and disappears already at � 0:1 GPa.The a-axis is an easy magnetization axis of CePtSn, whi
h means thatthe biggest e�e
t should be observed for B k a-axis. This is also justi�edby the results for B k b-axis whi
h, again, show no 
hange in transitiontemperature values but the magnetization is also redu
ed, in this 
ase onlyby 2 % at 0.83 GPa.
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Fig. 1. Temperature dependen
e of sus
eptibility for B = 0:01 T applied along thea-axis. Data taken with step 0.1 K, for 
larity only every 15th point is shown.Transition temperatures are pointed up by arrows.4. Dis
ussionThe observed value of TN = 6:8 K is by 0.7 K lower than the previ-ously reported one [4�6℄ but is in good agreement with our re
ent neutrondi�ra
tion data performed on the same 
rystal [9℄. The di�eren
e may beattributed to slight stoi
hiometry deviations of 
rystals used in di�erentlaboratories.The magneti
-phase-transition temperatures (TN and TM) seem remain-ing inta
t in pressures up to 0.82 GPa. This was not expe
ted from the analy-sis of results observed on 
ompounds of the quasi-ternary series CePt1�xNixSn.If only the e�e
t of the unit 
ell volume redu
tion was involved in the trans-formation between the AF ordering in CePtSn and the non-magneti
 groundstate in Ni-ri
h 
ompounds one would observe an analogous evolution of



1042 B. Janou²ová et al.magnetism in our pure experiments with CePtSn exerted to a hydrostati
pressure. Then, a su�
iently high pressure should lead to a de
rease in TNand, �nally, to a 
omplete disappearan
e of long-range magneti
 order.The observed de
rease of magneti
 moment in the highest applied pres-sure may be 
onsidered as a pre
ursor of suppression of the long-range orderat 
onsiderable higher pressures. Sin
e 
ompressibility values are not knownfor CePtSn no quantitative 
omparison with 
hemi
al pressure 
an be doneat this stage of resear
h.Our results demonstrate the unit 
ell volume to be only one of prin
ipalparameters for physi
s of CePtSn and CePt1�xNixSn. The hybridization ofthe 4f -ele
tron states with the 
ondu
tion ele
tron states is not enhan
edenough within our pressure experiment to allow the Kondo e�e
t to over-power the RKKY intera
tion. Experiments extended to 
onsiderably higherpressures are strongly desirable to 
larify the role of Kondo e�e
t. Sin
e thedi�eren
e in latti
e parameters of CePtSn and CeNiSn is highly anisotropi
(�a=a = +2:05%, �b=b = �0:6% and �
=
 = �5:24% � after [10℄) it ispossible that it is not the unit 
ell volume but mu
h more likely the Ce-Ceinteratomi
 distan
e whi
h governs the hybridization strength. From thisviewpoint also uniaxial pressure experiment 
an give further details.This work is a part of the resear
h program MSM1132000002 that is�nan
ed by the Ministry of Edu
ation of Cze
h Republi
 and is partiallysupported by the Grant Agen
y of Cze
h Republi
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