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The hexagonal high-pressure (HP) modifications of the ternary compounds REPtSn (RE = La, Pr,
Sm) were prepared under multianvil high-pressure (9— 14 GPa) high-temperature (1050 — 1400 °C)
conditions from the orthorhombic normal-pressure (NP) modifications. The HP-REPtSn stannides
were investigated by X-ray diffraction on powders and single crystals: ZrNiAl type, space group
P62m, a = 762.6(2), ¢ = 418.55(7) pm, WR2 = 0.1147, 256 F2 values and 14 variables for
HP-LaPtSn, a = 754.97(7), ¢ = 412.64(3) pm, wR2 = 0.0782, 252 F2 values and 14 variables for
HP-PrPtSn, and a = 750.1(2), c = 407.6(1) pm, wR2 = 0.1060, 229 F2 values and 14 variables for
HP-SmPtSn. The high-pressure modifications have two crystallographically independent platinum
positions in trigonal prismatic coordination, Pt1SngRE3 and Pt2Sn3REg. The shortest interatomic dis-
tances occur between the platinum and tin atoms within the three-dimensional [PtSn] networks. The
rare earth atoms fill distorted hexagonal channels within these networks and they are bound through
short RE-Pt contacts. Susceptibility measurements of HP-PrPtSn reveal paramagnetic behaviour with
an experimental magnetic moment of 3.31(2) ug/Pr atom. Low-temperature susceptibility and spe-

cific heat data point to inhomogeneous magnetism in HP-PrPtSn.
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Introduction

The equiatomic REPtSn (RE = rare earth element)
stannides have first been synthesized by Dwight and
coworkers some thirty years ago [1] and preliminary
magnetic studies were performed in the Yakinthos
group [2]. Later, these stannides have intensively been
studied with respect to their interesting magnetic and
electronic properties. A good literature overview is
given in [3—6, and ref. therein].

With La, Ce, Pr, Nd, Sm, or Eu as rare earth metal
components, these stannides crystallize with the or-
thorhombic TiNiSi-type structure [7], while those with
the smaller rare earth elements adopt the hexagonal
ZrNiAl-type [8-10]. This change in crystal structure
seems to be driven by the size of the rare earth el-
ements (lanthanoid contraction). For CePtSn [5] and
NdPtSn [6] we could recently show that the phase
transition can also occur through application of high-
pressure and high-temperature. Since this is a recon-

structive phase transition, the high-pressure samples
can easily be quenched and characterized under am-
bient pressure conditions.

We have now extended our investigations with re-
spect to the REPtSn stannides with RE = La, Pr, Sm, in
order to complete the series. So far, only X-ray powder
data of LaPtSn [11,12] and PrPtSn [2, 13] have been
reported, while no lattice parameters can be found in
the literature for SmPtSn [14]. Herein we report on
crystallographic and physical property studies of the
normal- and high-pressure phases REPtSn (RE = La,
Pr, Sm).

Experimental Section
Synthesis

Starting materials for the synthesis of the normal-pressure
modifications of LaPtSn, PrPtSn, and SmPtSn were ingots of
the rare earth metals (Chempur or Johnson Matthey), plat-
inum powder (Degussa-Hiils, 200 mesh), and a tin bar (Her-
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Empirical formula NP-LaPtSn NP-PrPtSn NP-SmPtSn Table 1. Crystal data

Molar mass [g/mol] 452,69 454,69 464.13 and structure refine-

Unit cell dimensions [pm] a=755.8(1) a=742.81(6) a=731.6(2) ment for NP-REPtSn

(powder data) b= 465.7(1) b =461.77(4) b =459.1(2) (RE = La, Pr, Sm),
¢ =1805.3(1) ¢ = 802.30(5) c=801.1(3) space group Pnma,

V [nm3] 0.2835 0.2752 0.2691 Z=4.

Calculated density [g/cm?] 10.61 10.97 11.46

Crystal size [um?] 20 x 30 x 60 20 x 30 x 30 20 x 20 x 30

Detector distance [mm] 60 60 -

Exposure time [min] 5 6 -

o Range; increment [°] 0-180; 1.0 0-180; 1.0 -

Transm. ratio (max/min) 0.490/0.138 0.335/0.193 0.923/0.178

Absorption coefficient [mm~1] 72.4 76.8 82.2

F(000) 740 748 760

0 Range [°] 3t035 3to0 35 3t035

Range in hki —12/+11, —=7/46, £12 +11,+7,-12/4+11  +11, —7/0; £12

Total no. reflections 3869 3870 2413

Independent reflections
Reflections with | > 25 (1)

683 (Rn¢ = 0.0367)
552 (Reigma — 0.0405)

653 (Rint0.0594)
511 (Reigma = 0.0480)

641 (R = 0.1021)
611 (Reigma = 0.0653)

Data/parameters 683 /20 653 /20 641 /20
Goodness-of-fit on F2 0.897 0.867 1.046
Final Rindices [| > 20 (1)] R1 =0.0252 R1 = 0.0286 R1 =0.0234
WR2 = 0.0541 WR2 = 0.0470 WR2 = 0.0453
Rindices (all data) R1 =0.0368 R1 = 0.0457 R1 =0.0251
WR2 = 0.0558 wR2 = 0.0500 WR2 = 0.0459
Extinction coefficient 0.0067(3) 0.0026(2) 0.0034(2)
Largest diff. peak and hole [e/A3] 2.76/ —3.86 3.24/—-3.44 3.48/—3.30
Empirical formula HP-LaPtSn HP-PrPtSn HP-SmPtSn Table 2. Crystal data
Molar mass [g/mol] 452.69 454.69 464.13 and structure refine-
Unit cell dimensions [pm] a=762.6(2) a=754.97(7) a=750.1(2) ment for HP-REPtSn
(powder data) c = 418.55(7) c=412.64(3) c=407.6(1) (RE = La, Pr, Sm),
V [nm3] 0.2108 0.2037 0.1986 space group P62m,
Calculated density [g/cm?] 10.70 11.12 11.64 Z=3.
Crystal size [um?] 20 x 20 x 40 20 x 20 x 60 20 x 20 x 20
Transm. ratio (max/min) 0.705/0.453 0.315/0.297 0.252/0.069
Absorption coefficient [mm1] 73.0 77.8 83.5
F(000) 555 561 570
6 Range [°] 31030 31030 31029
Range in hk +10, £10, £5 +10, £10, +£5 +10, £10, £5
Total no. reflections 2279 3233 2140

Independent reflections
Reflections with | > 25 (1)

256 (Rne = 0.1939)
221 (Rigma = 0.0757)

252 (Rt = 0.2026)
225 (Reigma = 0.0600)

229 (Rint = 0.3491)
204 (Reigma = 0.1421)

Data/parameters 256/14 252/14 229/14
Goodness-of-fit on F2 1.218 1.171 1.031
Final Rindices [| > 20 (1)] R1 = 0.0495 R1 =0.0345 R1 = 0.0457
wR2 =0.0978 wR2 =0.0708 WR2 = 0.0985
Rindices (all data) R1 = 0.0693 R1 =0.0471 R1 =0.0583
wR2 = 0.1147 WR2 = 0.0782 WR2 = 0.1060
Flack parameter x —0.04(5) —0.04(1) —0.01(5)
Extinction coefficient 0.0001(7) 0.0012(4) 0.002(1)
Largest diff. peak and hole [e/A3] 427/ —4.86 3.09/-3.02 4.89/—6.80

aeus), all with stated purities better than 99.9%. The larger
rare earth metal ingots were mechanically cut into smaller
pieces under paraffin oil and cleaned with n-hexane. Both the
paraffin oil and n-hexane were dried over sodium wire. The
small rare earth metal pieces were subsequently arc-melted
under an atmosphere of ca. 600 mbar argon [15]. The ar-

gon was purified over molecular sieves, silica gel, and ti-
tanium sponge (900 K). The pre-melting procedure for the
rare earth metals strongly reduces a shattering of these ele-
ments during the exothermic reaction with platinum and tin.
The rare earth metal buttons, cold-pressed pellets of plat-
inum (@6 mm) and pieces of the tin bar were then mixed in
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the ideal 1:1:1 atomic ratio and the stannides were synthe-
sized by arc-melting of the elements. The samples were then
flipped over and remelted in order to achieve homogeneity.
The moisture stable samples were obtained in amounts of 1 g.

The high-pressure/high-temperature treatment of the
phases NP-REPtSn (RE = La, Pr, Sm) took place via a mul-
tianvil assembly. Details about the technique and the con-
struction of the different assemblies can be found in ref-
erences [16—19]. In order to realize the phase transfor-
mations, the intermetallic normal-pressure precursors were
carefully milled and filled into boron nitride crucibles of
the high-pressure assemblies. The intermetallic samples
were compressed to pressures of 11.5 GPa (HP-LaPtSn;
14/8-assembly), 10.5 GPa (HP-PrPtSn; 14/8-assembly), and
13.5 GPa (HP-SmPtSn; 10/5-assembly) for 240 min. In prin-
ciple, all mentioned phases can be synthesized in the pressure
range 9— 14 GPa. In contrast to HP-PrPtSn and HP-SmPtSn,
which were obtained as phase-pure compounds, the lan-
thanum compound up to now appeared always as a mix-
ture of the normal- and high-pressure form (with HP-LaPtSn
being the major phase). The synthesis temperatures var-
ied in the range of 1050- 1400 °C (HP-LaPtSn: 1050 °C;
HP-PrPtSn: 1100 °C; HP-SmPtSn: 1400 °C). Within 20 min
the maximum temperature was reached followed by a 10 min
period of constant temperature. Afterwards, the samples
were cooled to r.t. within 10 min. Systematic investigations
showed that higher temperatures and subsequent annealing
under pressure at 500 to 900 °C for several hours enhanced
the crystallinity of the samples. After decompression, the
samples were carefully separated under a microscope from
the surrounding assembly parts.

NP-REPtSn and HP-REPtSn (RE = La, Pr, Sm) are sta-
ble in moist air over weeks. The polycrystalline samples are
silvery with metallic luster. Powdered samples of both mod-
ifications are dark gray.

2Theta /° (1. = 71.073 pm)

i §

“IIU\AIHI /

i
|

A1 (0 |10
ﬂd "u'f ‘w ‘ unknown
| H LU A \II‘ phase
el
RN IH I I\
II \‘i‘ \ H I
|‘ ! '1 NP-SmPtSn
I I \I \
II\‘ I ‘\”H
J|II | [I
“ qll Iw HP-SmPtSn
o i
il ” ! Fig. 1. Temperature-dependent
19.0 20.0 X-ray powder patterns of

HP-SmPtSn.

X-Ray diffraction

The samples were characterized through Guinier powder
patterns using CuK, radiation and o-quartz (a = 491.30,
¢ = 540.46 pm) as an internal standard. The orthorhombic,
respectively hexagonal lattice parameters (Tables 1 and 2)
were obtained from least-squares fits of the powder data.
The correct indexing of the patterns was ensured through
intensity calculations [20] taking the atomic positions from
the structure refinements. The lattice parameters determined
from the powders and the single crystals agreed well and
were also in good agreement with the literature data.

Temperature dependent in situ X-ray diffractometry was
performed for the HP-SmPtSn sample on a STOE Stadi P
powder diffractometer (MoK; A = 71.073 pm) with a
computer-controlled STOE furnace. An electrically heated
graphite tube held the sample capillary vertical with respect
to the scattering plane. Bores in the graphite tube permit-
ted unobstructed pathways for the primary beam as well as
for the scattered radiation. The temperature, measured by a
thermocouple in the graphite tube, was kept constant within
0.2 °C. The heating rate between different temperatures was
set to 50 °C/min and the data acquisition started directly after
reaching the next temperature step.

Successive heating of HP-SmPtSn filled in a 0.1 mm out-
side diameter Mark capillary showed that the high-pressure
modification was stable up to 850 °C under argon atmo-
sphere (Fig. 1). The complete transformation into the normal-
pressure modification took place at about 1000 °C. Interest-
ingly, HP-SmPtSn transformed back to the normal-pressure
modification at temperatures about 150 °C higher than iso-
typic HP-CePtSn [5]. In contrast to HP-CePtSn, where
the transformation into the normal-pressure phase started
at 500 °C and ended up at 850 °C, the samarium compound
retransformed in a smaller range between 850 —1000 °C. At
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Atom Wyckoff  x y z U Up Uss Uz  Ug Table 3. Atomic coordinates
position and anisotropic  displace-
NP-LaPtSn ment parameters (pm?2) for
La 4 001293(8) 1/4 0.69532(7)  49(3) 59(2) 48(2) 3(2) 52(1) NP-REPtSn (RE = La, Pr,
Pt 4c 0.29273(6) 1/4 040883(5)  73(2) 44(2) 46(2) —1(1) 54(1) Sm). Ugq is defined as one
Sn 4c 0.17590(9) 1/4 0.08304(9)  63(3) 36(3) 36(3) —2(2) 45(1) third of the trace of the
NP-PrPtSn orthogonalized ~ U;  tensor.
Pr 4c  0.01117(9) 1/4 0.69785(8)  94(3) 96(2) 117(3) 3(2) 102(1) The anisotropic displacement
Pt 4c 0.28722(6) 1/4 0.40766(6) 109(2) 80(2) 85(2) 1(2) 91(1) factor exponent takes the
Sn 4c 0.17551(10) 1/4 0.08176(11) 122(3) 80(3) 85(4) 4(3) 96(2)  form: —2n2[(ha*)2Usy +... +
NP-SmPtSn 2hka*b*Uqp]. Ujp = U3 = 0.
Sm 4c 0.01070(4) 1/4 0.69735(6)  71(1) 75(1) 33(2) 2(1) 60(1)
Pt 4c 028729(3) 1/4 0.40942(4)  90(1) 60(1) 27(2) —2(1) 59(1)
sn 4c 017866(6) 1/4 0.08367(7) 88(2) 52(2) 12(3) -2(2) 51(1)
Atom Wyckoff — x y z U Uz Uss U, Ueq Table 4. Atomic coordinates
position and anisotropic  displace-
HP-LaPtSn ment parameters (pm?2) for
La 3f 05859(5) 0 0  24(11)  45(16) 37(13) 23(8) 33(7) HP-REPtSn (RE = La, Pr,
Ptl la 0 0 0 36(10) U 51(16) 18(5) 41(7) Sm). Ueq is defined as one
Pt2 2d 213 13 12 49(7) Ui 58(12) 24(4) 52(6) third of the trace of the
Sn 39 0.2490(5) 0 12 22(12)  13(17) 37(17)  7(8) 25(7) orthogonalized  Uj  tensor.
HP-PrPtSn The anisotropic displacement
Pr 3f 0.41103) 0 0  44(7) 56(10) 68(10) 28(5) 55(5) factor exponent takes the
Pt1 la 0 0 0  46(6) Un1 54(12)  23(3) 49(5)  form: —272[(ha*)?Up; + ... +
Pt2 2d 1/3 2/3 12  46(5) U1 101(10) 23(2) 64(4) ohkat b*U1p]. Uyz = Ups = 0.
sn 3g 0.7473(3) 0  1/2 35(8) 31(11)  63(14) 16(6) 44(5)
HP-SmPtSn
Sm 3f 05919(4) 0 0  114(11) 136(13) 29(13) 68(6) 91(7)
Pt1 la 0 0 0 107(9) Uy 5(17) 53(5) 73(7)
Pt2 2d 213 13 12 104(7) Uy 62(14) 52(4) 90(6)
Sn 3g 0.2558(4) 0  1/2 72(11)  119(16)  29(19) 60(8) 68(8)

the maximum temperature of 1100 °C, another transforma-
tion into an unknown phase took place. Under these con-
ditions a reaction with the Mark capillary could not be ex-
cluded. No further transformations of the unknown phase
were detectable by lowering the temperature to ambient con-
ditions.

Single crystal intensity data were collected at r.t. by
use of a four-circle diffractometer (CAD4) with graphite
monochromatized MoK, (71.073 pm) radiation and a scin-
tillation counter with pulse height discrimination. The scans
were taken in the @/26 mode and empirical absorption cor-
rections were applied on the basis of psi-scan data, fol-
lowed by spherical absorption corrections. Some crystals
were measured on a Stoe IPDS-1I image plate system in os-
cillation mode. Numerical absorption corrections were ap-
plied to these data sets. All relevant details concerning the
data collections and evaluations are listed in Tables 1 and 2.

Structure refinements

Small, irregularly shaped single crystals of the normal-
and high-pressure modifications of REPtSn (RE = La, Pr,
Sm) were first examined by use of a Buerger camera
equipped with an image plate system (Fujifilm BAS-1800) in
order to establish both symmetry and suitability for intensity

data collection. For HP-SmPtSn it was extremely difficult to
find a suitable single crystal. Most investigated crystals con-
sisted of several domains. The isotypy of the normal-pressure
modifications with the orthorhombic TiNiSi-type [7], space
group Pnma, and of the high-pressure modifications with the
hexagonal ZrNiAl-type [8-10], space group P62m, was al-
ready evident from the Guinier powder data.

The atomic parameters of isotypic NP-CePtSn and
HP-CePtSn [5] were taken as starting values and the struc-
tures were refined using SHELXL-97 [21] (full-matrix least-
squares on F2) with anisotropic atomic displacement param-
eters for all atoms. Refinement of the correct absolute struc-
ture for the high-pressure modifications was ensured through
refinement of the Flack x parameter [22,23]. As a check
for the correct composition and the correct site assignment,
the occupancy parameters were refined in separate series of
least-squares cycles along with the displacement parameters.
All sites were fully occupied within two standard deviations
and in the final cycles the ideal occupancies were assumed
again. The final difference Fourier syntheses were flat (Ta-
bles 1 and 2). The positional parameters and interatomic dis-
tances (exemplary for LaPtSn) of the refinements are listed
in Tables 3—-5. Further details on the structure refinements
are available.
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Table 5. Interatomic distances (pm), calculated with the pow-
der lattice parameters in NP- and HP-LaPtSn. Standard devi- F o X NP-REPtSn
ations are given in parentheses. All distances within the first o070 A o A HP-REPtSn
coordination spheres are listed. X o
NP-LaPtSn HP-LaPtSn 0.068 - A X
La- 1 Pt  313.0(1) La: 4 P2 3107() I A
2 Pt 3246(1) 1 Pl 3158(4) E gpee X
2 Sn 326.3(1) 2 Sn 3144 T
1 Sn  3357(1) 4  Sn 3459(3) > X
2 Pt 3386(1) 4 La  397.8(2) 0.064 - X
1 Sn  339.3(1) 2 La  418.6(1) X
2 Sn 343.1(1) 0.062 |- X
1 Pt 359.6(1) x
2 La 3880(1) I I I I I I ! I 1 1 1 1 I I 1
2 La 391_9(1) La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Pt 2 Sn  2729(1) Ptl: 6  Sn 282.6(2) Fig. 2. Plot of the cell volumes of the orthorhombic normal-
1 Sn  276.8(1) 3 La 315.8(4) and hexagonal high-pressure modifications of REPtSn. For
1 Sn  289.7(1) Pt22 3 Sn 291.8(2) better comparison we plot the volumes per formula unit.
1 La 313001 6 La 310.7(1)
2 La  3246(1)
2 La 3386(1)
1 La  359.6(1) _ |
S 2 Pt 272.9(1) Snt 2 Ptl  2826(2) ,\,\/‘.”/O @—‘.‘-"O
1 Pt 276.8(1) 2 P2 291.8(2) e\"O \ / |
1 Pt 289.7(1) 2 Sn 328.8(6) ‘ l @ L
2 La  3263(1) 2 La  3314(9) | 2 \\
1 La 3357(1) 4 la 345.9(3) - . _l
1 La  339.3(1) G ‘\/\f\_’ @ 6>O
2 La  3431(1) [ |
Details may be obtained from: Fachinformationszentrum
Karlsruhe, D-76344 Eggenstein-Leopoldshafen (Germany), NP-LaPtSn HP-LaPtSn
by quoting the Registry No’s. CSD-416896 (NP-LaPtSn), site symmetry site symmetry
CSD-416901 (HP-LaPtSn), CSD-416898 (NP-PrPtSn), m m2m

CSD-416900 (HP-PrPtSn), CSD-416897 (NP-SmPtSn), and
CSD-416899 (HP-SmPtSn).

Physical property measurements

The physical properties of HP-PrPtSn were studied by
magnetic susceptibility and heat capacity (C,) measurements
on a Quantum Design Physical Property Measurement Sys-
tem (PPMS). The sample for magnetic measurements was
enclosed in a gelatin capsule and attached to the sample rod
of the AC measurement system (ACMS). For the C; mea-
surement the sample was glued to the platform of a pre-
calibrated heat capacity measuring puck using Apiezon N
grease.

Results and Discussion
Crystal chemistry

Similar to HP-CePtSn [5] and HP-NdPtSn [6], the
orthorhombic stannides LaPtSn, PrPtSn, and SmPtSn
also transform to ZrNiAl-type high-pressure modifica-
tions. As is evident from Fig. 2, the transformation is

Fig. 3. Coordination polyhedra of the lanthanum atoms in
NP-LaPtSn and HP-LaPtSn. The site symmetries are indi-
cated.

accompanied by a densification effect of less that 1% in
volume. The course of the cell volumes of the normal-
pressure and high-pressure phases nicely reflects the
lanthanoid contraction. Both curves are almost par-
allel. As expected for the trivalent cerium atoms on
both CePtSn madifications, the plot of the cell volumes
shows no anomaly. The samarium compound has now
been fully characterized for the first time. In their pre-
vious study, Sakurai et al. [14] did not report lattice
parameters.

The crystal chemistry details and a discussion of
chemical bonding in both modifications had already
been given for CePtSn [5]. Here we give only a brief
account. As an example, the lanthanum coordination
polyhedra of both modifications are presented in Fig. 3.
Due to the reconstructive type of the phase transition
we observe a significantly different coordination. Each
lanthanum atom has six nearest lanthanum neighbors,
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but in different geometry and with distinctly differ-

ent La-La distances (Table 5). Also the lanthanum- 020 HP-PrPtSn
platinum coordination is different, i.e. six platinum ¢ H =100 Oe
neighbors in the normal-pressure and five in the high- e Z7FC
pressure modification. The different rare earth coordi- 015k ——FC
nation is the main reason for the differing magnetic ’
properties of both modifications of PrPtSn, similar to -
CePtSn [5] and NdPtSn [6]. 3

=

= 010}
Magnetic properties of HP-PrPtSh %

The magnetic behavior of NP-PrPtSn was studiedon =
polycrystalline samples [2] and a Czochralski grown 005k
single crystal [13]. The detailed studies by JanuSova '
et al. [13] gave no hint for magnetic ordering down
to 0.4 K.

In Fig. 4, we present the dc () of HP-PrPtSn mea- ()00 ] T I M R
sured in an applied dc field of 5 kOe. The susceptibil- 0 5 10 15 20
ity x (T) increases monotonously with decreasing tem- T (K)

Fig. 5. The dc susceptibility (y = M/H) of HP-PrPtSn mea-
HP-PrPtSn sured in ZFC-FC state of the sample at a dc field of 100 Oe.
H = 5 kOe 0.20 -
0.20 f¢ ’ \
E RN 1 HP-PrPtSn
| \§ . - "-.‘.‘ 025 F \'\. —s—H=5k0e
= ", ' —e— 10
I L 010 | \%. 3 —a— 20
: = e, 0.20 b\
0.15 -i. ~o.q . o %C:‘L. —— 4()
H 0.05 L 1 L = %, L —=—= 60
| s E
-~ ¢ 0 5 10 15 g o5l
g T | 0 =-45()K QE)
= . =3. . ~
£ 010 _\ = 20 ar= 3 SLEME @@é = 0.10}
= : =)
3 = 0.05
1 [e) . B
: 100
i g
oos | = 000 b e b1 .
. 0 5 10 15 20 25
300 T (K)
Fig. 6. The dc susceptibility (y = M/H) of HP-PrPtSn mea-
0.00 . ' sured in ZFC state of the sample at several applied fields.
o 100 200 300

T (K)
Fig. 4. The dc susceptibility (y = M/H) as a function of
temperature (T) for HP-PrPtSn measured in a steady field
of 5 kOe. The top inset shows the anomaly in x(T) at low
temperatures. The bottom inset shows the inverse suscepti-
bility in the measured temperature range.

perature, as expected for a paramagnet. Below 10 K
a broad step-like anomaly appears, however, without
any clear signature of magnetic ordering. From the lin-
ear region of the inverse susceptibility at temperatures
above 100 K, the paramagnetic Curie temperature ob-
served is about —4.5 K. The negative sign indicates an-
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Fig. 7. The ac susceptibility of HP-PrPtSn measured in an ac
field (Hac) of 1 Oe and at different driving frequencies (v).

tiferromagnetic interactions. The effective Bohr mag-
neton number (ug) per Pr3* calculated from the in-
verse susceptibility is 3.31(2) ug close to the theoreti-
cal value of 3.58 ug. In contrast, the investigations on
NP-PrPtSn data [2, 13] revealed an experimental mag-
netic moment slightly higher than the theoretical one.

The anomaly below 10 K is more clearly visible
in the x(T) curve measured at a low field of 100 Oe
(Fig. 5). The x(T) data measured in ZFC and FC states
of the sample do not bifurcate and are the same within
the experimental errors. The peak in the diagram of
the 100 Oe measurements appears near 10 K, as com-
pared to the 5 kOe measurement. To probe response of
this anomaly to the dc field, we have measured y (T) of
HP-PrPtSn at different applied fields and plotted these
data in Fig. 6. The figure clearly shows the field de-
pendence of the susceptibility. The moment values (in
emu/mol) decrease with increasing field. The step in
x(T) observed for H < 10 kOe also vanished with in-
creasing field. The overlap of the ZFC-FC curves x(T)
in low field rules out any spin-glass anomalies. There-
fore, the origin of the broad feature below 10 K can

HP-PrPtSn

1.2}

M (u,/ fu.)

H (kOe)
Fig. 8. Magnetization (M) as a function of varying field (H)
for HP-PrPtSn, measured at various temperatures.
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Fig. 9. Specific heat (Cp) of HP-PrPtSn plotted as C, vs. T
and Cp/T vs. T in the top and bottom panels. The inset in the
top panel highlights the features below 10 K. The inset in the
bottom panel is shown to highlight the logarithmic increase
inCy/T at low temperatures (below 10 K).

be due to short range magnetic ordering arising due to
inhomogeneous magnetism.
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We present here the ac susceptibility (y’ and ")
data of HP-PrPtSn measured at different frequencies
and an ac field (amplitude, Hyc) of 1 Oe. In Fig. 7, we
have plotted the real and imaginary parts of the linear
susceptibility (3’ and x”). The broad peak around 6 K
is consistent with the step-like feature in the dc suscep-
tibility. The two main observations from this measure-
ment are (i) no frequency dependence in x ' and (ii) fea-
tureless x”. This rules out quite conclusively any type
of spin-glass like anomaly in HP-PrPtSn.

We have also measured isothermal magnetizations
of HP-PrPtSn at several temperatures. In Fig. 8, we
show the M(H) data measured after reaching the tem-
perature in ZFC state. For T < 10 K, isotherms in-
crease non-linearly with increasing H, the sample thus
behaving as an antiferromagnet without saturation up
to 80 kOe. The moment value at 80 kOe and 3 K is
about 1.1 ug, about 30% of the expected saturation
moment for Pr3+ (given by g x J = 3.20 ug). The fea-
tures of M(H) are similar up to T = 10 K, which indi-
cates the persistence of inhomogeneous magnetism up
to 10 K. At 50 K, M(H) is linear indicative of a para-
magnetic state.

Now we focus on the C,(T) of HP-PrPtSn in Fig. 9.
The anomalies observed in the magnetic measurements

can also be seen for Cp in the form of a broad peak
around 5 K. We also show the plot of C, /T vs. T in the
same figure. The absence of any clear peak is indicative
of inhomogeneous magnetism in HP-PrPtSn. Stewart
et al. [24] have shown that one of the signatures for
non-Fermi liquid behavior in an intermetallic com-
pound with d—f electrons is a —logT temperature-
dependence of C;, (i. ., an upturn in the plot of Cp/T
vs. logT). In the inset of the bottom panel, we illus-
trate the C,/T vs. T correlation, with T plotted on a
log scale to highlight C,/T ~ —logT at low tempera-
tures. Thus, the Cp data are in line with the susceptibil-
ity data.
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