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Abstract
New compounds of compositidRPiGe; 3 have been successfully prepared vith Dy, Ho,

Er and Lu, by high-pressure (5 - 7 GPa) and high-temperature synthesis (up to 1073 K).
Structural analysis confirms that all compounds crystallize in a non-centrosymmetric
monoclinic structure (space gro@g). The magnetic properties of these four new compounds
were studied, as well as those of;BgGe;, a known compound on which few physical
studies have been published. The magnetic susceptibility of the Gd, Dy, Ho and Er
compounds follow a Curie-Weiss law in the temperature range 20 K - 300 K, consistent with
a trivalent state of thdR ions. At lower temperature, magnetization and heat capacity
measurements reveal antiferromagnetic ordering igP@8e;s (Ty = 6.2 = 0.1 K) and a
ferromagnetic one in BPuGes (Tc = 2.2 + 0.1 K). DyPy,Gej3 presents a magnetic order at

T = 1.8 + 0.2 K. HePuGei3 behaves as a Van Vleck type paramagnet below 10 K and
LusPtGeys is found to be diamagnetic between 2 K and 300 K. This last compound shows no

superconducting transition down to 400 mK.

Keywords:. Intermetallic germanides, Rare earth compounds, High-pressure synthesis, Non-

centrosymmetric crystal structure, Magnetism.

1. Introduction

R-T-X ternary intermetallic compounds, wheRReis a rare earth (or an alkaline earth)a
transition metal an& an element of groups 14 and 15, are a rich source of compounds where
superconductivity and long-range magnetic order may coexist. The understanding of the
fundamental mechanisms that govern this phenomenon remains a topical issue. Since the
discovery in the middle of the seventies of superconductivity in rare earth-based Chevrel
phasesRWMo0sSs, RiM0sSe; [1,2], tetraboridesR)RhB,4 [3] or rhodium stanniteBsRh,Sni3

[4], R-T-X ternary phase diagrams have been intensively explored [5,6]. Meanwhile a new
series of defined compounds, filled skutterudi®®s,P,, was discoverefl7]. The RTsX;»
skutterudites are cage systems, where the icosahedral voids formedTa¥(;thieamework
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are filled withR ions. They have been synthesized Witk Fe, Ru, Os anX = P, Sb, As
[8,9] and more recently with = Pt andX = Ge [10,11] and have sparked off a great interest
not only as potential materials for thermoelectapplications [12], but also because they
display a great wealth of non-conventional physisahaviours: metal-insulator transition,
non-conventional superconductivity, coexistencesgperconductivity and magnetic order,
heavy-fermion behaviour, intermediate valence behay... [10,11,13-16].

In filled skutterudites, theX-X bonding distances and theT-X angles deviate from their
ideal values in order to accommodate Bié@ns. These deviations should become smaller
when the size of th® ions decreases. However, when the size ofRthens is too small,
depending on th& andX elements, the voids of tHgX;, framework may become too large
to obtain optimal bonding distances and then coimggihases become more stable. This
difficulty can be overcome by using high-pressusatisesis and several skutterudite
compounds filled with heavig ions were prepared using this technique [17-20ih\the aim

to synthesize skutterudites of tiRPyGe, series with heavy rare earths using the high-
pressure high-temperature technique, Gumediwak. found a new family of compounds, the
composition of which,RsPuGes is reminiscent of that of rare earth rhodium sitas,
RsRhySny3 [21]. RsPuGers have been reported to exist wih= Ca, Y, Pr, Sm, Gd, Th, Tm
and Yb [21-23]. It turns out that the crystal stuwmes of these new compounds, though
closely related to the cubic archetype structurgRSn 3, differ from it through a variety of
subtle structural distortions. These compounds leixtda wide variety of structures and
magnetic properties. The cubic £&4Ge3s; compound (space grouf2;3) is found to be
diamagnetic [21]. The tetragonal compounaRtGe ; (space group4.cm) features Yb in a
temperature-independent non-magnetic'® 4f(Yb*") configuration [21]. The non-
centrosymmetric (space groqge) Y, Pr, Sm, Tb and Tm-based compounds are fourigko
respectively, superconducting witlk ¥ 4.5 K; magnetically ordered at 4.5 K and 4.0M&n
Vleck type magnet; ferromagnetic at 4.0 K and pagmetic down to 1.8 K. Surprisingly, for
an ion with a zero orbital moment, ¢Rl,Ge; 3 presents two magnetic transitions at 6.3 K and
4.2 K[23].

In order to complete the results already publistedhis R:P1;,Ge 3 series, we have recently
succeeded in synthesizing 4 new compounds R#hDy, Ho, Er and Lu under high-pressure
and high-temperature conditions. We report heretlm determination of their crystal
structure and magnetic properties. ThesRfse 3 compound, previously reported by R.
Gumeniuket al. [23], has been also prepared in order to clatfymagnetic behaviour at low

temperature.



2. Sample synthesis

The precursor polycrystalline alloys of nominal guosition RsPi,Gez were prepared by
induction melting of the elements in a water-coategper crucible under a highly purified
argon atmosphere. Elements are high-purity wirkplatinum (Alfa Aesar, 99.95%),
germanium (Goodfellow, 99.999%) and rare earth&idon Matthey, 99.9%) ingots. The
pellets were melted several times to improve theimogeneity. It has been established that
the mass losses after this first step are of terasf 1%. X-ray diffraction patterns measured
using a conventional X-ray powder diffractometehi(ipps PW1730, Cu-K radiation)
indicated that the thus produced samples were ceetpofRPtGe, PtGe and Ge. To obtain
the RsP1u,Gei3 phases, withR = Gd, Dy, Ho, Er and Lu, HP HT synthesis must befgrmed.
Each sample was then grounded into a fine homogsnpowder and compacted under 1
kbar into cylindrical pellets of 3 mm diameter aadew mm in height. The pellets are then
introduced into a crucible of hexagonal-boron dér{h-BN).

The HP HT treatment was performed using a belt-typeice fitted with a graphite tube
furnace inserted in a pyrophyllite gasket, whictves as the pressure transmitting medium. A
wide range of synthesis parameters was studiedspre, temperature and dwell time were
varied from 4 to 7 GPa, from 973 to 1173 K and frethminutes to 5h, respectively. The
procedure for the HP HT treatment is the followiagroom temperature the pressure is first
applied, the temperature is then raised at a faté &/min up to the desired value. At the end
of the annealing time, the sample is quenched biycksing off the heating power. The
pressure is then slowly reduced to the ambientevalll the samples could be easily
separated from the crucible and subsequently powdeay diffraction measurements
confirmed that there was no chemical reaction betwtbe crucible and the samples.

The phase purity of the samples was also studiedidd¢ emission scanning electron
metallography using a Field Emission gun Scannitgctton Microscope (FESEM-Zeiss
Ultra plus microscope). It was found that the pphase is obtained in a narrow window of
pressure and temperature and that the HP HT conditnust be precisely adapted for each
compound. This is illustrated for instance fogfGey3 in figure 1. It was also found that the
temperature should not exceed 1073 K, because dbsvEemperature, a liquid phase forms
and decreases the effect of the high-pressureeaBRhcrucible is not hermetically closed.
Finally, time dependent tests show that, once gtenal values for pressure and temperature
have been selected, one-hour annealing is enougbt&on the desired phase with a good
purity.

The RsP;,Ge;3 compounds witlR = Gd, Dy, Ho and Er were successfully synthetiaéd
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T =1073 + 20 K under P =5.0 £ 0.5 GPa. A highespure, P = 6.8 £ 0.5 GPa, and a lower
temperature, T = 1023 = 20 K, where required taimbthe LuPt,Ges phase. Purity of the
samples was greater than 90%, except for the Lag(B0% pure) for which the maximum
pressure available was not sufficient. The impesithat could be observed were composed of
free Ge, PtGegand RPtGe. Scanning electron microscopy (SEM) analysis riecegood
homogeneity of the polycrystalline samples, assitiated in figure 1-b in the case of
ErsPuGes.

ErPtGe,

- Er,Pt,Ge,,

o [
'.

c) 5.5 GPa - 850°C

Fig. 1. Back scattered electron images of three trieywothesis of EfP,Ge s with different HP-HT conditions.
These images are obtained under a voltage of 20Bkatk, grey and light grey grains are composedef
ErPtGe and EsPi,Geys, respectively.

3. Crystal structure deter mination

The RsP{,Ge 3 phases are metastable phases that were firstesyrtd by R. Gumeniuit al.
[23]. They showed that, depending on ®element, these phases crystallize with different
structures of cubic, tetragonal, rhombohedral onoatinic symmetry. On the basis of group-
subgroup schemes, all these structures can be deoedi as derivatives of the initial
YbsRhSny 3 cubic structure [23]. The HP-HT synthesiZegPt;Ge 3 compounds witlR = Pr,
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Sm, Gd, Tm and Tb are reported to crystallize withi non-centrosymmetric monoclinic
structure of space groupc. This structure derives from the cubic one witna= b mon. =
acup, V2.

The powder X-ray patterns of all the compounds megoin this work are successfully
indexed within the same monoclinBc space group, as illustrated in figure 2 forsPlgGe;s.
For this compound, the crystal structure was ingattd by Rietveld refinement of the X-ray
powder diffraction data using the FullProf progrf2d], starting from the structure reported
by Gumeniuket al. [22] for Y3PtuGes. All 20 atoms in the asymmetric unit occupy the
generalda Wyckoff position, leading to a very large numbérstructural parameters. Given
the limited number of Bragg reflections in the exxpental X-ray pattern we did not attempt
to refine atomic position parameters, which wer@tkiixed. A single isotropic atomic
displacement parameter was refined for each atsprcies, as well as the monoclinic cell
parameters. A pseudo-Voigt function was used tardss the reflection profiles and the
background was described by linear interpolatiotwben selected points with refined
intensity. The final refinements yielded the foliogy agreement factors: z=14.9, Chi=
1.94 and RBragg 3.83. Attempts to refine the heavy Pt and Ho apasitions did not lead to a
significant improvement and more extended data raguired for a detailed structural
investigation.

Based on the non-centrosymmetric monoclinic stmectd space grou@c, the values of the
lattice parameters for all the compounds were abthiby a LeBail type refinement (pattern
matching refinement) of the X-ray powder diffractidata and are presented in table 1. One
observes that thegRyy factor obtained for LiPuGeys is rather high compared to the other
compounds. We ascribe this to the fact that themgbtconditions for the HP HT synthesis
could not be reached with our setup for theRtyGe sphase. Consequently, the synthesis was
not complete (20% impurity phases: LuP{3Ge and Ge).

These value are compared in figure 3 with thoseipusly reported by Gumeniuét al.
[22,23] for theRsP1,Ge 3 compounds witlR = Pr, Sm, Gd, Tm and Tb.
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Fig. 2. Experimental (red circles) and calculated (blacle)l powder XRD pattern of the hleyGes phase.
Bragg peak positions, based on the monoclinic restrosymetricCc space group, are given by the blue sticks.

The difference plot has been calculated and isngiyethe blue curve displayed at the bottom offittpere.

Tablel
Refined lattice parameters for tReP1,Ge; compounds withR = Gd, Dy, Ho, Er and Lu. The value of the Bragg

Zi|llgbs_llg:al|

agreement factoR .45 = , is given in the last column.

Compound a (A b (A) c (A B (°) Reragg

GdsPt,Geis | 12.7920(7) | 12.7733(5)]  9.0389(4)  88.581(4)  1.22
DysPt.Ges | 12.7400(4) | 12.7042(4)|  8.9987(2) 89.764(3)  0.84
HosPt«Geis | 12.7374(2) | 12.6951(2)| 8.9928(3)  89.752(2)  0.64
ErsPt,Ge;s | 12.7188(4) | 12.6768(4)] 8.9858(3) 89.732(2)  0.88
LusPt.Gers | 12.698(3) | 12.645(3) 8.946(3) | 89.67(3)  2.13
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Fig. 3. Evolution of the lattice parameters: a, b, c,Ha monoclinic Cc space groupRsPi,Ge; series with the
radius of theR** ion given by R.D. Shannon in Ref. [25]. The cop@sdingR element has been specified and
the dotted lines are just guides for the eye. Gata dire compared with those reported in Ref. [2#] [23] for

other compounds of the same series.

As shown in figure 3, the lattice parameters of toenpounds studied in this work are
consistent with those previously reported by R. @niwk et al. [22,23] for other compounds
of the same series. The decrease of the a, b ealdies with the decrease of the radius of the
trivalent rare earth ion is in full agreement witte lanthanide contraction effect [26]. This
effect is mainly due to an incomplete shieldingtloé nuclear charge by thdé dlectrons,
although the # orbitals are rather compact in shape. Such bebavwas already been
observed in many rare-earth series. Questructure being a derivative of the culbieg3n
one, a comparison of the observed lanthanide adim@rawith the germanide&slr,Ges
series can be made. From data published in thetlites, the relative variation of the cell
volume AV/V is equal to -5.1 % (from Pr- to kl,Ge;z [27]). This value is perfectly
consistent with -4.9 % found in the case of RaBt,Ge 3 series (from the Pr to the Lu based

compounds|23] and this work).



Except for GgPuGey3, it is observed that the value of fBe@ngle decreases when going from
the Dy to the Lu compounds (see Table 1). This i@sgjve distortion of th€c structure is
very likely related to the lanthanide contractidfeet. It is clearly noticeable on the rare earth
environment with the form of thdistortedRPt;, icosahedral polyhedrons and also on the
platinum environment with the distortion of the B§@igonal prisms, as illustrated by the

two representations in figure 4.
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Fig. 4. Representation of thePyGe; crystal structure based on tBe space group and the atomic coordinate
information published by R. Gumenigkal. [21]. Ge atoms are represented by small red sphBteatoms by
orange intermediate spheres adRdatoms by large blue spheres. Left: representatiothe Ge icosahedral
polyhedrons surrounding the atoms and right: representation of the Ge triggahs surrounding the Pt

atoms.

4. Magnetic properties and heat capacity measurements

Magnetic characterization of the compounds wasiezhrout on a commercial Quantum
Design MPMS magnetometer using the reciprocatingpéa option (RSO). The magnetic
signal is recorded with the sample oscillating acbthe centre of the SQUID pickup coils
and it is fitted to an ideal dipole response usinpn-linear least-square routine.

The sample holders are made out of a plastic stheamhe dimensions of the samples are
smaller than the straw diameter, they are wrappeathin plastic membrane that allows the
sample to be held in position inside the straw. $@amnples presenting very weak magnetic
signals, typically between -foand +10 emu, data are corrected from the contributiorhef t
sample holder. This contribution is obtained by suemmg the empty plastic membrane
mounted inside the straw, with exactly the samergny as when measuring the sample. In
the present study, correction is needed only ferLilgPt;Ge s compound.

For GaPuGes, DysPuGe;, HosPuGes and EsPyGes, isothermal magnetization curves,

M(H), were measured in the temperature range 2 &®-BD The same sequence of
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measurements has been used for all samples. Thales@rfirst cooled down to the base
temperature of the magnetometer in zero field, thle®@ magnetic measurements are
performed while increasing the temperature. Oneddimperature is stabilised at the desired
value, the magnetization is measured while varyirggfield from 0 to 50 kOe. The field is
then set to zero and the temperature is raiseldetméw desired value. The inverse magnetic
susceptibility was deduced from Arrott plots? Mf(H/M) [28].

The thermal variation of the isofield magnetizatidM{(T), has also been measured in all these
compounds in zero field-cooled and field-cooledcedures. M(T) curves have been recorded
under different fields: 500, 2000 and 5000 Oe, lideo to check that the inverse magnetic
susceptibility, deduced from the H/M(T) curves,c@nsistent with that deduced from the
Arrott plots.

The thermal variation of the experimental invergscgptibilities of GeP,Ge 3, DysPuGeys,
HosPuGe 3 and EgPuGes are shown in figure 5. For all these compoundsyallO K the
inverse susceptibility varies linearly with tempera. Since #ions bear a very localised

magnetic moment, in rare earth-based intermetathesmagnetic susceptibility obeys the

Curie-Weiss law. The inverse susceptibility is givley% = g—nex, where(C is the Curie

97]U+Du

2
constant of the rare earth ion of total angular rotamJ, ¢ = N, £ per mole of rare

kp
earth andh is the exchange constant that accounts for exehemeractions between thé 4

magnetic momentse and the paramagnetic Curie temperatég,are related byn,, =

8,/C. In the presence of exchange interactions, thergg/susceptibility remains parallel to
the inverse Curie susceptibilit%,z % but is shifted byns. The black lines in figure 5

represent the inverse susceptibilities calculatedrivalent rare earth ions using the Curie-
Weiss law. The best agreement between experimeatal calculated reciprocal
susceptibilities is obtained for the valuesmgf given in table 2. The signs ofx indicate
antiferromagnetic correlations in eR,Ges, DysPt,Ges and HePGe 3 and ferromagnetic
correlations in BPyuGes The largest absolute exchange constant is foundhe Gd
compound. This is consistent with the fact that@w" ion bears the largest spin (S = 7/2) in

the lanthanide series.
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The heat capacity was measured using the relaxatietmod on a commercial Quantum
Design PPMS in the temperature range 400 mK - 30F-igure 6 compares the thermal
variation of the specific heat and the inverse neignsusceptibility in the low temperature
range (T < 20 K) for the Gd, Dy, Ho and Er compaind

In ErPtGe; a well-defined\-type anomaly is observed in the specific heat qilstive 2 K
while the inverse susceptibility intersects the genature axis at 2.2 K. This confirms the
onset of ferromagnetic order a¢ ¥ 2.2 + 0.1 K.

For HeP1uGe 3, no lambda-type anomaly is observed in the speb#iat curve down to 2 K.
Instead, it shows a weak and wide hump at arouKd 16 the same temperature range, just
below 10 K, the inverse susceptibility deviatesnfrthe Curie-law and tends to saturate
toward a value of 0.5 mol/emu per Ho.

In rare earth compounds where the kinetic orbitaihmantum is not zero, crystalline electric
field (CEF) effects lead to splitting of the groumsthte multipletd. Accordingly, the
expression of the susceptibility must be modified #dding a new term
that accounts for thermal effects on the CEF |levdltsis second termis
called the Van Vleck term. When the CEF ground s¢as non-magnetic,
which is very often the case for non-Kramers iamshsas H8', the Curie term in
the susceptibility vanishes when the temperatudedeased, while, through the Van Vleck
term the susceptibility (and hence its reciprotaihds toward a finite value. Due to the low
point symmetry of the rare earth site in R#uGe 3 series, the CEF effects split the= 8
multiplet of HG" into 17 non-magnetic singlets. This explains thanVVleck-type
paramagnetic behaviour of the magnetic suscepilal low temperature. The hump in the

specific heat is likely a Schottky anomaly resgtirom the population of excited CEF levels.

The specific heat curves of eglGe 3 and DyPuGe 3 show rather broad anomalies around
6 K and 1.8 K respectively. This shape of the dpebieat is very reminiscent of features
observed in several rare earth intermetallic comdsiwsuch as Gdpgi,, GdGa, GdCuy [29]

or PrNpSi, [30]. These very peculiar features have been exglaby the occurrence of

incommensurate amplitude modulated magnetic streEtun these compounds [31].

Incommensurate magnetic structures are particuleoiljmmon in rare earth intermetallic

compounds where the oscillatory character of timg-@nge RKKY-type exchange coupling
leads to antagonistic interactions and hence tetrfition. The change of slope of the
GdsPuGe s inverse susceptibility curve at 6.2 K bears evadeaf the existence of a magnetic
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transition. This and the very particular shapehef $pecific heat anomaly are indicative of a
phase transition towards an incommensurate magseticture. In the case of EBLGe3,
although the thermal variation of the inverse spsbaity reveals no anomaly down to 2 K,
the base temperature of the magnetometer, it isoallikely that the specific heat
anomaly at

T* =18+ 02Kis related to a magnetic phase transition. Adiog to the
negative sign of the exchange constani, it can be inferred that this phase is
antiferromagnetic. Nonetheless, this should beiooefl by further magnetic measurements
at lower temperature. Table 2 summarizes the oteeperatures obtained either by

magnetic or specific heat measurements.

Table2

Magnetic characteristics overview for the Gd, Dy, &hd Er based compounds. The value of the
theoretical Curie constant used inthe Curie WeBsw (see text)is given in the last
column.

Nex T order Curie constant
Compounds (mol/emu per R) (K) (emu K/mal)
Gd:PuGe; -1.6+0.2 Ty =6.2+0.1 7.880
DysPtGer: -0.14 +£ 0.05 T*=1.8+0.2 14.125
HosPuGer: -0.25+ 0.05 - 14.045
Er sPtsGess +0.17 £ 0.05 Tc=2.2+0.1 11.496

In Lu®* ions the &shell is full thus no net magnetic moment is expeéon these ions in the
LusPtGes compound. For this compound only measurementseotiiermal variation of the
isofield magnetization, M(T), have been performBdcause of the weak magnetic signal of
this compound, the measurements have been cauiatder an applied field of 50 kOe.

As shown in figure 7, the LR3Ge 3 compound is found to be diamagnetic down to 2 K. A
diamagnetic susceptibility gf = -7.2+0.1 1d emu/mol has been deduced from lihear fit

of they - T = f(T) curve in the temperature range 50-300 K. This valisicomparable
to that of diamagnetic PuGes (v = -3.67 10" emu/mol) [22]. Below 30 K, the
susceptibility (not shown here) shows an upturn stiagts increasing. In weak magnetic or
non-magnetic systems, small amounts of diluted m@ggnmpurities lead to signals the
intensity of which are comparable to that of thengmwund. This pollution
can be hardly avoided even using highly purifiesihveénts and/or working in very controlled
atmospheres, especially when the compound is sulg@éd o many handlings,

as isthe case for HP HT synthesis. Iron and isodes are the most frequent source
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of magnetic contamination. We thus tried to accdontthe low temperature tail assuming
Fe* (et = 5.4 k) impurities. This leads to a mass concentratiovetcthan 0.02%.

The specific heat shows no anomaly down to 400 Er§m the C/T =y + BT? curve (inset
figure 7), the Sommerfeld coefficient has been mieitged,y = 18.5 mJ / (mol K. The slope
of the curve give$ = 3.8 mJ / (mol K) which leads to a Debye temperatfge= 217 K. All
these values are in good agreement with those tezpéor YsPuGers (Y = 19 mJ / (mol K)
andfp = 257 K [22]).
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Fig. 7. Top:X.T versus T wherg is the magnetic susceptibility of jRt,Ge ;s measured at 50 kOe and given in
emu per mol of compound. The full line correspotwshe linear fit in the temperature range 50-3Q0TKe
slope gives a diamagnetic susceptibijity: -7.2+0.110* emu/mol. Bottom: thermal dependence of the specifi
heat down to 400 mK. The inset shows the lineaabielur of C/T versus 7in the temperature range: 400 mK —
10 K.

Figure 8 compares the evolution of the orderingperatures with the de Gennes factor
dG = (g, - 1YJ(J+1), in the heavy rare earth side of R®tGes series. Note that HBuGers
behaves as a Van Vleck paramagnet at low tempestand hence does not order
magnetically. For TrPuGe; no magnetic order was detected above 1.8 K [23g Yb
compound cannot be included in this scheme agstallizes in a tetragonal structuf4¢mc
space group) [21]. The values of the ordering teatpees decrease from the Gd compound.
Such behaviour is very similar to that reportedrfany other rare earth-based intermetallic
13



series [27,32-34]. Except for the Er based comppthmal ordering temperatures scale rather
well with the de Gennes law [35], as expected fKR-type exchange interactions between
localised magnetic moments. However, de Gennesngcdbes not take into account CEF
effects in the effective exchange parameter [36itHer investigations in the evolution of the
crystal-field parameters should explain the dewrato the de Gennes law observed for the Er

based compound.

? L 1 1 1 1 1 1 1 20
[ m R. Gumeniuk et al. |
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Fig. 8. Comparison between the experimental ordering teatpess (dots and square) and the de Gennes factor
(diamonds connected by the dotted line) in the heaxe earth side of tHe;Pi,Ge,; series. HP,Gez is a Van
Vleck paramagnet at low temperature and no magoetier has been observed down to 1.8 K inAtfBe 5

[23].

6. Conclusion

The existence of non-centrosymmetric compounds arhposition RsP4Gez was first
reported by Gumeniult al. [22,23]. In the present work we have shown th& #eries,
which crystallises within th€c space group, can be fully completed in the heawy earth
side up to the Lu based compound. It is demonstrdtz the high-pressure high-temperature
synthesis parameters need to be adapted for easpocmd, according to the progressive
decrease of the rare earth ionic radius.

From specific heat and magnetic measurements, we $teown that G#P;,Ge 3 orders anti-
ferromagnetically at 6.2 K, whereassByGe; orders ferromagnetically under 2.2 K. From
specific heat measurements, 3ByGe 3 shows a transition temperature at 1.8 K, which is
probably related to an antiferromagnetic order. Ewsv, the real nature of this order needs to

be confirmed by further magnetic measurementsrapéeatures lower than 2K. gRt,Ges

14



shows a Van Vleck behaviour and finally,sPtyGey s is diamagnetic.

Despite the fact that the non-magnetic ;RyGes compound does not reveal
superconductivity, the value of its Sommerfeld &oefnt is comparable to that of;FP,Geys,
which becomes superconducting belonw=14.5 K [22].

Except for the Er based compound, the ordering éeatpres of the heavy rare earth side in

this RsPt,Gey3 series follow rather well the de Gennes law [35].
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