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1. Introduction

ABSTRACT

Phase relations in the ternary system Ce-Pt-Si have been established for the isothermal section at
800°C based on X-ray powder diffraction, metallography, scanning electron microscopy (SEM) and
electron probe microanalysis (EPMA) techniques on about 120 alloys, which were prepared by various
methods employing arc-melting under argon or powder reaction sintering. Nineteen ternary
compounds were observed. Atom order in the crystal structures of 75-Ces(Pt,Si)4 (Pnma; a = 0.77223(3)
nm, b = 1.53279(8) nm ¢ = 0.80054(5) nm), t3-Ce,Pt;Si4 (Pnma; a = 1.96335(8) nm, b = 0.40361(4) nm,
¢ = 1.12240(6) nm) and t10-CePtSi, (Cmcm; a = 0.42943(2)nm, b = 1.67357(5) nm, ¢ = 0.42372(2)nm)
was determined by direct methods from X-ray single-crystal CCD data and found to be isotypic with the
SmsGey-type, the Ce,Pt;Ges-type and the CeNiSi,-type, respectively. Rietveld refinements established
the atom arrangement in the structures of Pt3Si (Pt3Ge-type, C2/m, a = 0.7724(2)nm, b = 0.7767(2) nm,
¢ =0.5390(2) nm, f = 133.86(2)°), t16-Ce3PtsSi (CesPdsSi-type, Imma, a = 0.74025(8)nm, b = 1.2951(2)
nm, ¢ = 0.7508(1) nm) and 7,7-Ce3PtSi3 (BaszAl,Ge,-type, Immm, a = 0.41065(5) nm, b = 0.43221(5)nm,
¢ = 1.8375(3) nm). Phase equilibria in Ce-Pt-Si are characterised by the absence of cerium solubility in
platinum silicides. Cerium silicides and cerium platinides, however, dissolve significant amounts
of the third component, whereby random substitution of the almost equally sized atom species
platinum and silicon is reflected in extended homogeneous regions at constant Ce content such as for
T13-Ce(Pthi],x)2, TG-CEZPt3+xSi5,X or '67-CePt2,XSi2+x.

© 2008 Elsevier Inc. All rights reserved.

which however, left many regions in the diagram with dashed tie-
lines open for further studies. Therefore a reinvestigation of the

Besides the fact that many compounds from the Ce-Pt-Si
system exhibit interesting electrical and/or magnetic properties
such as heavy-fermion behavior in CePtSi [1-5] and CePtSi, [6-8]
and/or Kondo-lattice behavior in CePtSi, [6-8] and CePt,Si,
[9-13], it was particularly the discovery of CePtsSi as the first
non-centrosymmetric heavy-fermion superconductor [14,15],
which has stimulated high interest in the physical properties of
CePt3Si [16-22] and Ce-Pt-Si compounds [23-25]. Crystal growth
and bulk material syntheses require detailed knowledge of phase
relations as well as of crystal structures. A critical assessment [26]
summarized all data available then on the Ce-Pt-Si system with
respect to phase equilibria [27] incorporating also unpublished
data [28] and knowledge on physical properties. As a result of the
critical review, an isothermal section at 600°C was presented,
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phase relations became the subject of the present work. In order
to profit from enhanced diffusion in the system combining
elements with rather different melting points, a temperature of
800 °C was chosen for the isothermal section.

2. Experimental techniques

More than 120 alloys, each with a weight of 1 g, were prepared
by argon arc-melting from high-purity elements (more than
99.9 mass%), on a water-cooled copper hearth. To ensure complete
fusion, all alloys were re-melted three times. Part of each sample
was vacuum-sealed in a quartz tube and annealed at 800 °C for
15-90 days before being quenched in cold water. The equilibrium
state of the samples was carefully monitored by metallography,
electron probe microanalysis (EPMA) and X-ray diffraction (XRD)
techniques. Alloys, which even after long-term annealing did not
reach equilibrium, were subjected to a cascaded heat treatment at
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1100, 1000, 900 and finally 800 °C in order to accelerate reaction
kinetics. In several cases the samples in addition were pow-
derised, cold compacted and sintered at 800 °C for 2 weeks.

X-ray powder diffraction data from as-cast and annealed alloys
were collected employing a Guinier-Huber image plate system
with Cu-Kotl-radiation (8°<260<100°). Precise lattice parameters
were calibrated against Ge as internal standard (ace = 0.565754
nm [29]) using program STOE-WinXpow [30].

Single crystals were mechanically isolated from crushed alloys.
Inspection on an AXS-GADDS texture goniometer assured high
crystal quality, unit cell dimensions and Laue symmetry of the
specimens prior to X-ray intensity data collection on a four-circle
Nonius Kappa diffractometer equipped with a CCD area detector
and employing graphite monochromated MoKo radiation
(A =0.071073 nm). Orientation matrix and unit cell parameters
were derived using program DENZO [31]. No absorption correc-
tions were necessary because of the rather regular crystal shape
and small dimensions of the investigated specimens. The
structures were solved by direct methods [32] and refined with
the SHELXL-97 program [33]. Quantitative Rietveld refinements
were performed with the FULLPROF program [34,35], employing
internal tables or X-ray atomic form factors. For search of minority
phases as well as for quantitative structure refinements powder
patterns with maximum intensity of more than 20,000 counts
were taken. Atom parameters were standardized with the aid of
program STRUCTURE TIDY [36].

All as-cast and annealed samples were polished via standard
procedures and have been examined by optical metallography and
scanning electron microscopy (SEM). Specimen compositions
were determined by EPMA on a Carl Zeiss DSM 962 instrument
equipped with a Link EDX system operated at 20kV and 60 pA. As
external standards we used pure elements Pt, Si as well as binary
and ternary compounds of defined composition, which were also
backed by single-crystal refinement; Pt3Si, Pt,Si, PtgSis, CeSi,
CePtSis, CePtSiy, CePt,Si, CePt3Si, Ce,Pt;Sis and CesPtsSi. Although
standard deviations of EPMA phase measurements were generally
better than 0.3 at%, the average values obtained after correction
have a confidence level of about 0.5 at%.

3. Binary systems

The binary system Ce-Pt is used in the version of Massalski
[37]. The melting temperature of Ce,Pt;, however, was re-
measured in a DTA experiment and found to be 860°C [38]. The
Ce-Si system was taken from a recent investigation [39]. There is
no doubt about the formation of an additional phase, Ce;Siz_y
(CeSiq34), for which crystal and magnetic structure were deter-
mined [40]. The investigation of the Pt-Si system by Massara and
Feschotte [41] superseded the Pt-Si diagram presented in
Massalski [37] and two more compounds, PtysSi; and Pty;Sig,
were discovered from DTA analyses of about 110 alloys. X-ray data,
however, were merely used to identify changes in the intensity
patterns and no details were given on the crystal structures of the
binary compounds. From a comparison of the phase diagram of
Gohle and Schubert [42] with the version of Massara and
Feschotte [41] the compound Pt;,Sis [43,44], appears to be shifted
to composition PtsSi,. In order to eliminate contradicting
information in literature on formation and crystal structure of
Pt-Si compounds, several alloys with compositions PtgSis, Pt,Si,
Pt17Sig, Pt12Sis, Pt3Si, PtysSi; were studied by means of X-ray
powder diffraction in as-cast state and after annealing at 800 °C.
Our Rietveld refinements confirm structural details for PtSi, PtgSis,
Pt,Si (for both the low- and high-temperature modification)
whilst significant disagreement was noticed for the atom posi-
tions of Pt3Si (PtsGe-type structure [42]) (see Section 4.2).

Structural parameters reported for Pt,Sis (Pt;2Sis-type [43,45])
show significant differences between calculated and observed X-
ray intensities. Furthermore, Pt3Si (FesC-type), Pt{7Sig and PtysSi;
were not observed in the investigated alloys: the X-ray powder
diffraction spectrum recorded from an alloy with composition
Pt;;Sig was indexed as a mixture of Pt,Si and “Pt;,Sis” and
similarly the alloy Pt,5Si; consists of Pt3Si and (Pt). Consequently,
the phase relations derived from the present investigation at
800°C were found to be consistent with those reported by
Massalski [37]. Crystallographic and melting data pertinent to the
Ce-Pt-Si system are given in Table 1.

4. Results and discussion
4.1. Phase relations; the isothermal section Ce-Pt-Si at 800 °C

Phase relations in the ternary system at 800 °C are shown in
Fig. 1. The most striking difference to the equilibria at 600 °C
presented earlier [26,27] is the larger number of ternary phases as
well as the absence of a significant solubility for silicon
throughout the full homogeneity region of the binary compound
Ce(Ceq_xPty)Pty. Furthermore, phase equilibria are characterized
by the absence of cerium solubility in the various platinum
silicides. However, mutual solubilities among cerium silicides and
cerium platinides are significant. The essentially random sub-
stitution of the almost equally sized atom species platinum and
silicon is reflected in extended homogeneous regions at constant
Ce content for several binary and ternary compounds such as for
‘C13—Ce(PtXSi1,X)2, TG—C62Pt3+xSis,X or ‘E7—CePt2,xSi2+x. Data on the
solubility and extension of the ternary homogeneity regions at
800 °C are included in Table 1. Composition and lattice parameters
for phases involved in three-phase equilibria at 800 °C are listed in
Table 2.

It has to be noted, that in addition to the ternary phases listed
in Table 1, compounds with compositions Ce3gPt4oSizo and
Ce,oPty6Sin, (at%) were detected with structures still unknown;
however, these phases do not participate in phase equilibria at
800 °C.

4.2. Determination of crystal structures

Crystal structures for all those ternary compounds, which were
already reported earlier, were found to be consistent with data in
literature. For a series of new compounds crystal structures were
derived either by single-crystal X-ray diffractometry or by
Rietveld analyses and crystal data are summarized below and in
Tables 3 and 4. Structural chemistry of the new compounds and
solution phases follows in all cases the characteristics already
outlined for the prototype structures. Interatomic distances agree
well with the sum of metal radii of the elements.

4.2.1. The crystal structure of t;3-Ces(Pty 12Sio.g)4 With SmsGey-type

Binary CesSi,4 is known to crystallize with the tetragonal ZrsSis-
type structure [39,46]. EPMA data in Table 2 indicate that
solubility of Pt at 800 °C proceeds up to 4.6 at% Pt beyond which
on rising Pt content a narrow two-phase region of about 3 at% is
formed connecting to a ternary phase, 7,3 (Fig. 2a), with an
extended homogeneity region up to 15at% Pt. A single crystal,
broken from an alloy with composition Cess 5Pts 3Sisg» (nominal
composition in at%) within the 7,5 region, revealed orthorhombic
symmetry with space group Pnma and lattice parameters:
a=0.77223(3)nm, b =1.53279(8)nm, c = 0.80054(5)nm. The
structure was solved by direct methods yielding a partial random
distribution of Pt and Si sites fully compatible and isotypic with
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Crystallographic data of solid phases in the Ce-Pt-Si system

Phase/temperature Space group Lattice parameters (nm) Comments
Range ( °C) Prototype a b c
(5Ce) Im3m 0.412 [37]
798-726 [37] w
(yCe) Fm3m 0.51610 [37]
726-61 [37] Cu
(BCe) P6s/mmc 0.36810 1.1857 [37]
61—(—177) [37] ola
(aCe) Fm3m 0.485 [37]
<-177 [37] Cu
(Pt) Fm3m 0.39236 [37]
<1769 [37] Cu
(Si) Fd3m 0.54306 [37]
<1414 [37] C (diamond)
CesSis 14/mem 0.7868 1373 [46]
<1260 [39] CrsBs 0.7878 1.367 [39]
Ces(Siq_xPty)s 0.7855(2) 1.3850(5) Xmax = 0.3 [this work]
CesSiy P4/mbm 0.7780 0.4367 [39]
<1335 [39] UsSiy
Ces(Siy_xPty)> 0.77870(6) 0.43824(6) Xmax = 0.105 [this work]
CesSig P4;2:2, 0.7936 1.5029 [39]
<1500 [39] ZrsSig
Ces(Siq_xPty)a 0.79669(6) 1.4948(2) Xmax = 0.104 [this work]
CeSi Pnma, 0.8298 0.3961 0.5959 [39]
<1630 [39] FeB
CeSi Pty 0.8254(1) 0.39997(7) 0.59452(9) Xmax = 0.074 [this work]
Ce,Siz_y Cmcm 0.44035 2.48389 0.39517 x =032 [39]
V,Bs
CeSiy 67 Imma 0.4109 0.4189 1.3917 At 62.6 at% Si [39]
<1725 [39] GdSip_y
CeSip_y 14,/amd 0.4192 1.3913 x=0[39]
<1575 [39] ThSi, 0.42112(4) 1.4019(2) y = 0.12 [this work]
Ce(Siq_yPty)2_x 0.4205(2) 1.4082(7) Ymax = 0.148 [this work]
Ce,Pt3 P65mc 1.0204 0.6399 [46]
<975 [37] Th;Fes 1.02005 0.63999 [38]
<860 [38]
Ce7(Pty_xSiy)3 1.0251(2) 0.6380(2) Xmax = 0.157 [this work]
CesPt, R3 0.8981 1.7078 [46]
<1200 [37] ErsNi,
Ces(Pt;_ySiy)> 0.8976(2) 1.7124(3) Xmax = 0.065 [this work]
CePt Cmcm 0.3918 1.0908 0.4527 [46]
<1800 [37] CrB
CePt;_,Siy 0.3974(1) 1.0940(4) 0.4479(1) Xmax = 0.12 [this work]
CesPty R3 1.3657 0.5781 [46]
<1600 [37] PusPdy 1.3661(7) 0.5779(3) [this work]
Ce(Ce;_xPty)Pty Fd3m 0<x<0.5 [37,48]
<2200 [37] MgCu, 0.7745 x =0 (300K) [48]
0.77172 x =0 (13K) [48]
0.77286(3) x = 0.09 [this work]
F43m 0.7673 x = 0.5 (300K) [48]
AuBes 0.76380 x = 0.5 (13K) [48]
CePts P6/mmm 0.53685 0.43830 [46]
<1800 [37] CaCus
Ce(Pt;_,Six)s 0.5348(6) 0.4364(5) Xmax = 0.103 [this work]
Pt,5Si;? Unknown [41]
<842 [41]
Pt5Si-ht? Pnma 0.5579 0.7697 0.5520 At 605 °C [44]
<846-440 [41] FesC
Pt5Si-rt C2/m 0.7702 0.7765 0.5378 [42]
<440 [41] Pt;Ge B =133.813
0.7724(2) 0.7767(2) 0.5390(2) Binary PtsSi [this work]

B = 133.86(2)
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Phase/temperature Space group Lattice parameters (nm) Comments
Range ( °C) Prototype a b c
0.7723(2) 0.7771(1) 0.53902(7) In CegPtg;Siy; [this work]
133.85(1)
0.7725(2) 0.7770(1) 0.53898(9) In CegPt;g5Si1s.5 [this work]
133.86(1)
Pt;,Sis-ht® P4/n 1.3404 0.5451 [43]
(PtsSix-ht) [41]
986-280 [43] Pt;,Sis 1.34055(5) 0.55186(3) Binary Pt;,Sis [this work]®
1.33996(7) 0.55142(4) In Ce4Pt0Sisg [this work]?
Pt;,Sis-rt? 14/m 0.9753 0.5537 At 792 °C [44]
(PtsSip-rt) [41]
<280 [43] Ni2Ps 0.9607 0.5542 At 902 °C [44]
Pt,7Sig-ht? Unknown [41]
<1003-770
Pty7Sig-rt? Unknown [41]
<770 [41]
Pt,Si-ht P62m 0.6436 0.3569 [49]
<1118-745 [41] Fe,P 0.6525 0.3603 At 802 °C [44]
0.6440 0.3573 [42]
0.64567(9) 0.35772(5) In Ce,PtsgSig [this work]
Pt,Si-rt I4/mmm 0.3933 0.5910 [42]
<745 [41] ThH, 0.3948 0.5963 At 603 °C [44]
0.39310(2) 0.59231(4) Binary Pt,Si [this work]
0.39312(4) 0.59259(9) In Pt;6Siz0.4 [this work]
PtgSis P2:/m 0.6169 0.3499 1.5462 [42]
<1023 [41] PtsSis p =93.68
0.6158(2) 0.34915(7) 1.5425(3) Binary PteSis [this work]
p =93.59(2)
0.61570(7) 0.34890(4) 1.5425(1) In Ce,PtsgSiag [this work]
B = 93.576(9)
PtSi Pnma 0.5577 0.3587 0.5916 [50]
<1238 [41] MnP 0.5595 0.3603 0.5932 [46]
0.55828(4) 0.35942(3) 0.59245(5) In Ce;sPtyoSiss [this work]
T4, CesPtysSip Fm3m 1.6837 [51] SC data
<1290 [27] CesPty3Sin 1.6821 [27]
1.68647(5) [this work]
T Unknown ~CegPt;,Sig [this work]
75, Ce;Pt;Siy Pnma 1.96335(2) 0.40361(1) 1.12240(2) SC data [this work]
Ce,Pt;Gey 1.9630(3) 0.40382(7) 1.1225(2) [this work]
Ty Unknown ~Ce1gPt71Siy7 [this work]
75, CePtSis I4mm 0.4284 0.9561 [27]
<1245 [27] BaNiSn; 0.43215 0.96075 [23]
0.43222(1) 0.96017(5) [this work]
Tg, CeaPts4,Sis_y Ibam 1.0061 1.1766 0.61323 [24]
U,CosSis 0.9966(6) 1.1663(8) 0.6062(3) Xmax = 0.38 [this work]
0.9956(1) 1.16526(1) 0.60693(7) Xmin = —0.09 [this work]
77, CePty_,Sizex P4/nmm 0.4252 0.9788 [52]
<1670 [27] CaBe,Ge, 0.4231 0.9844 x=0/[27]
0.4253 0.9793 x =0 [25]
0.42550(3) 0.9795(1) Xx = —0.055 (min) [this work]
0.42441(2) 0.98341(7) x = 0.12 (max) [this work]
P4mm or P4° 0.42519 0.97951 x=0[10]
CePt;,Si,
14/mmm 0.4246 0.9837 x=0[53]
ThCr,Si,
Tg, CePt3Si P4Amm 0.40722 0.54423 [54] SC data
<1390 [27] CePt;B 0.40786(4) 0.54475(4) [this work]
Tg Unknown ~Ce,3Pt3Sis4 [this work]
T10, CePtSiy Cmcm 0.4288 1.6718 0.4238 [6]
CeNiSi, 0.4277 1.6698 0.4228 [27]
0.42943(2) 1.67357(5) 0.42372(2) SC data [this work]
0.42908(3) 1.6739(2) 0.42371(5) [this work]
T11, CePt,Si Cmcm 0.41067 1.8079 0.41821 [27]

Inverse-CeNiSi,
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Phase/temperature Space group Lattice parameters (nm) Comments
Range ( °C) Prototype a b c
<1440 [28] 0.41008(4) 1.8046(2) 0.41734(4) [this work]
T2 Unknown ~Ce,,Pte;Sipq[this work]
T13, Ce(PtySii_x)2 P6/mmm 0.41344 0.42868 x=0.3[28]
<1830 [27] AlB, 0.40960(4) 0.43130(3) Xmin = 0.202 [this work]
0.41560(1) 0.42535(8) Xmax = 0.34 [this work]
P6/mmm 0.8250 0.4332 x = 0.25 [55]
Er,RhsSi;
T14, CePty_xSiq+x I14,md 0.41982 1.4488 [56]
<1740 [27] LaPtSi 0.41973 1.4498 [27]
0.4206(1) 1.4490(3) Xmin = O [this work]
0.41866 (2) 1.44914(8) Xmax = 0.2 [this work]
T15 Unknown ~Ce33Pty4Sip; [this work]
T16, CesPtsSi Imma 0.74025(8) 1.2951(2) 0.7508(1) [this work]
<1220 [28] CesPdsSi
T17, CesPtSis Immm 0.41065(5) 0.43221(5) 1.8375(3) [this work]
<1510 [28] BasAl,Ge;
T1s, Ces(Pty_xSix)a Pnma 0.77223(2) 1.53279(3) 0.80054(2) SC data [this work]
GdsSig 0.7643(1) 1.5330(3) 0.8007(2) Xmin = 0.718 [this work]
0.7678(2) 1.5315(4) 0.8005(2) x = 0.819 [this work]
0.7704(2) 1.5321(4) 0.8000(3) Xmax = 0.851 [this work]
T19 Unknown ~CessPt33Siqy

From 10.1 to 14.3 at % Si
[this work]

¢ Phase was not observed in the present work in alloys annealed at 800 °C.
b Crystal structure is not confirmed, unit cell parameters are given for the crystal structure reported [43].
€ A small deviation from CaBe,Ge,-type was noticed by Hiebl et al. [10] (weak reflections violating extinction rule h+k = 2n+1).

100

Ce

Ce-Pt-Si

o Nominal compositions

800 °C

Fig. 1. System Ce-Pt-Si, isothermal section at 800 °C.
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Table 2
Composition (standard deviation <0.4 at%) and lattice parameters for phases from three phases regions of the Ce-Pt-Si system at 800 °C
Three phase field Phase EPMA Lattice parameters (nm)
Ce Pt Si a b c
T5+(Si)+CeSiy Ts 20.0 19.4 60.6 0.43222(1) - 0.96017(5)
(Si) 0.0 0.0 100.0 0.54298(7) - -
CeSi, 329 8.0 59.1 0.42112(4) - 1.4019(2)
T10+To+CeSi; T1o0 24.8 251 50.1 0.42984(5) 1.6722(2) 0.42295(7)
Tg 22.9 23.0 54.1 Unknown - -
CeSiy 333 9.9 56.8 0.4205(2) - 1.4082(7)
T10tTe+To T1o0 249 241 51.0 0.4282(2) 1.6743(5) 0.4253(2)
Tg 19.8 294 50.8 0.9956(1) 1.16526(1) 0.60693(7)
Tg 23.2 22.9 53.9 Unknown - -
Ts+TtTg Ts5 19.8 20.2 60.0 0.4312(2) - 0.9606(5)
Tg 19.8 293 50.9 0.9956(1) 1.16526(1) 0.60693(7)
Tg 23.0 22.8 54.2 Unknown - -
T5+T6+(Si) Ts 201 19.8 60.1 0.43168(3) - 0.9599(1)
T6 19.7 28.1 52.2 0.9942(1) 1.1645(1) 0.6065(1)
(Si) 0.0 0.0 100.0 0.5427(1) - -
T+(Si)+PtSi Tg 20.0 30.0 50.0 0.9934(7) 1.1679(8) 0.6056(4)
(Si) 0.0 0.2 99.8 0.5431(1) - -
PtSi 0.1 491 50.8 0.5576(1) 0.35835(6) 0.59358(7)
Te+T7+PtSi T6 19.8 34.0 46.2 0.9966(6) 1.1663(8) 0.6062(3)
% 19.8 37.8 424 0.42441(2) - 0.98341(7)
PtSi 0.3 49.0 50.7 0.55828(4) 0.359542(3) 0.59245(5)
T1+77+PtSi T1 8.4 61.1 30.5 1.6872(3) - -
T7 19.9 40.6 394 0.42580(5) - 0.9792(2)
PtSi 0.3 50.3 494 0.5574(9) 0.35822(7) 0.5937(1)
PtSi+PtsSis+71 PtSi 0.5574(9) 0.35822(7) 0.5937(1)
PtSis 0.61570(7) 0.34890(4) 1.5425(1)
B =93.576(9)°
T1 1.6872(3) - -
PtSis+Pt,Si+T, PteSis 0.1 54.2 45.7 0.61570(7) 0.34890(4) 1.5425(1)
B =93.576(9)°
Pt,Si 0.3 66.3 334 0.64567(9) - 0.35772(5)
T 7.9 61.8 30.3 1.6858(1) - -
T1+T5+Pt15Sis T 8.0 62.3 29.7 1.68808(6) - -
T 9.1 72.4 18.5 Unknown - -
Pt;5Sis 0.5 69.7 29.9 1.340(1) - 0.5521(8)
T2+CePts+Pty5Sis T2 8.9 724 18.7 Unknown - -
CePts 15.8 79.2 5.0 0.5368(6) - 0.4381(5)
Pt;,Sis 0.5 69.5 30.0 1.33996(7) - 0.55142(4)
CePts+Pt,Sis+Pt3Si CePts 16.4 79.6 4.0 0.5364(6) - 0.4388(3)
Pt;,Sis 0.0 69.9 30.1 1.33996(7) - 0.55142(4)
Pt3Si 0.1 75.4 24.5 0.7738(7) 0.7775(6) 0.5360(2)
B =134.02(8)°
(Pt)+CePts+Pt3Si (Pt) 0.0 99.2 0.8 0.39231(4) - -
CePts 16.8 83.0 0.2 0.5369(1) - 0.4386(1)
Pt3Si 0.0 751 24.9 0.7723(2) 0.7771(1) 0.53902(7)
B =133.85(1)°
T1+72+CePts T1 8.1 62.0 29.9 1.6883(7) - -
T 9.3 72.0 18.7 Unknown - -
CePts 16.0 77.7 6.3 0.5365(2) - 0.4371(3)
T1+74+CePts T1 8.9 62.8 28.3 1.6866(1) - -
T4 17.9 711 11.0 Unknown - -
CePts 16.4 75.0 8.6 0.5348(6) - 0.4364(5)
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Table 2 (continued )
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Three phase field Phase EPMA Lattice parameters (nm)
Ce Pt Si a b c
T1+T3+Tg T1 8.6 61.6 29.8 1.6880(1) - -
T3 15.2 54.0 30.8 1.9630(3) 0.40382(7) 1.1225(2)
Tg 19.6 59.7 20.5 0.40809(9) - 0.5456(2)
T1+T3+T7 T4 8.0 61.7 30.3 1.68760(4) - -
T3 15.2 53.8 31.0 1.9620(3) 0.40425(7) 1.1216(3)
T7 19.8 40.3 39.7 0.42580(3) - 0.97991(9)
T3+T7+Tg T3 15.4 54.1 30.5 1.9630(2) 0.40346(5) 1.1212(1)
T7 19.3 41.7 38.8 0.42550(3) - 0.98033(9)
Tg 20.5 59.3 20.2 0.4084(1) - 0.5443(2)
T+T7+Ts 1 23.9 51.2 24.7 0.4099(3) 1.811(2) 0.4168(3)
T7 19.9 40.1 39.9 0.42539(3) - 0.98041(8)
Tg 19.9 60.4 19.6 0.4088(1) - 0.5439(2)
T11+78+CePt; 1 24.2 50.8 24.8 0.4100(1) 1.8085(9) 0.4185(2)
Tg 19.7 59.8 20.4 0.40854(8) - 0.5449(2)
CePt, 30.3 69.2 0.5 0.77310(8) - -
T11+T16+CePty T 25.3 49.7 25.0 0.4106(4) 1.799(2) 0.4183(4)
T16 33.2 55.6 1.2 0.7391(4) 1.2959(9) 0.7725(4)
CePt; 31.9 67.9 0.2 0.77286(3) - -
T11+T15+T16 2] 25.7 49.2 25.1 0.4093(2) 1.801(2) 0.4192(3)
Tis 33.0 455 215 Unknown - -
T16 331 55.4 11.5 0.739(1) 1.296(1) 0.751(1)
T11+T14+T15 T 24.6 50.5 24.8 0.4102(1) 1.8047(5) 0.4191(2)
T1a 32.8 33.9 333 0.4204(2) - 1.4496(9)
T1s 32.6 454 22.0 Unknown - -
T11+T14+T7 ™ 24.6 50.6 24.8 0.4104(3) 1.808(2) 0.4163(3)
T1a 325 34.6 329 0.4202(2) - 1.446(2)
T7 19.8 41.2 38.9 0.42550(3) - 0.9795(1)
T13+T14%7T7 T3 33.6 224 44.0 0.41560(1) - 0.42535(8)
T14 33.2 26.7 40.1 0.41875(5) - 1.4490(2)
77 20.1 38.9 41.0 0.42551(3) - 0.9797(1)
T13+T6tT7 T3 331 19.3 47.6 0.4117(2) - 0.4304(2)
Ts 20.1 33.7 46.2 0.9957(7) 1.1627(5) 0.5985(3)
T7 19.9 37.7 424 0.42474(7) - 0.9830(2)
T10*tT13+T6 T10 25.1 24.5 50.4 0.42908(3) 1.6739(2) 0.42371(5)
T13 334 17.8 48.8 0.4129(1) - 0.4299(1)
Tg 20.0 321 479 - - -
T10+T13+CeSi, T10 24.8 25.1 50.1 0.42984(5) 1.6722(2) 0.42295(7)
T13 32.7 13.9 53.4 0.40992(7) - 0.43149(8)
CeSi, 333 9.9 56.8 0.4205(2) - 1.4082(7)
T13+CeSi+CeSi; T13 343 12.5 53.2 0.40960(4) - 0.43130(3)
CeSi 49.8 0.0 50.2 0.8296(1) 0.39648(4) 0.59597(5)
CeSi, ~34 ~8 ~58 0.41807(5) - 1.4054(3)
T13+717+CeSi T13 33.8 19.5 46.7 0.41403(5) - 0.42804(4)
T17 433 13.9 42.8 0.4102(1) 0.43261(1) 1.8346(5)
CeSi 50.0 0.0 50.0 0.82905(9) 0.39711(4) 0.59582(6)
717+CesSig+CeSi T17 43.5 13.9 42.5 0.41023(6) 0.43265(5) 1.8341(2)
CesSiy 55.6 1.0 43.4 0.79525(7) - 1.5047(2)
CeSi 50.1 3.7 46.2 0.8254(1) 0.39997(7) 0.59452(9)
T17+718+CesSiy T17 43.0 14.0 42.9 0.41035(9) 0.4322(4) 1.8399(5)
Tig 55.5 6.7 37.8 0.7704(2) 1.5321(4) 0.8000(3)
CesSiy 55.6 4.6 39.8 0.79669(6) - 1.4948(2)
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Table 2 (continued )

Three phase field Phase EPMA Lattice parameters (nm)
Ce Pt Si a b c
Ce3Six+CesSiz+CesSia CesSiy 59.6 4.2 36.2 0.778746) - 0.43824(6)
CesSis 62.3 5.6 321 0.78581(3) - 1.3872(5)
CesSiy 55.8 4.2 40.1 0.7977(5) - 1.499(3)
CesSi;+CesPts+L CesSis ~63 ~7 ~30 0.7869(2) - 1.3799(6)
Ce;Pts 70.2 251 4.7 1.0251(2) - 0.6380(2)
L - — - - -
T19+CesPty+CesSis T19 54.9 30.8 14.3 Unknown - -
CesPt; 60.5 36.9 2.6 0.8976(2) - 1.7124(3)
CesSis 61.4 11.2 27.4 0.7855(2) - 1.3850(5)
T19tCesPty+CePt T19 55.2 34.7 10.1 Unknown - -
CesPt; - - - 0.896(1) - 1.711(2)
CePt 49.5 46.1 4.4 0.3941(2) 1.0899(5) 0.4518(2)
T17+715+CePt T17 42.6 14.8 42.6 0.41055(6) 0.43222(8) 1.8339(3)
T1g 55.2 129 31.9 0.7643(1) 1.5330(3) 0.8007(2)
CePt 49.8 458 4.5 0.3960(1) 1.0929(2) 0.4498(2)
T14+T17+CePt T4 333 32.2 34.5 0.41998(4) - 1.4481(2)
T17 429 149 421 0.41065(5) 0.43221(5) 1.8375(3)
CePt 49.7 443 6.0 0.3974(1) 1.0940(4) 0.4479(1)
T13+T14+T17 T13 333 223 444 0.41563(8) - 0.42576(7)
Tia 334 26.5 40.1 0.41856(3) - 1.4481(1)
Tz 429 149 422 0.4110(5) 0.4320(3) 1.8359(7)
T14+T15tCePt T1a 33.0 33.6 334 0.4206(1) - 1.4490(3)
T1is 333 444 223 Unknown - -
CePt 50.1 48.5 1.4 0.3919(1) 1.0929(5) 0.4532(1)
T15+T16+CePt T1is 32.9 45.7 214 Unknown - -
T16 329 56.5 10.6 0.74025(8) 1.2951(2) 0.7508(7)
CePt 48.8 49.5 1.7 0.3944(9) 1.090(2) 0.4531(7)
T16+CesPty+CePt T16 33.5 55.5 11.0 0.7393(2) 1.2947(2) 0.7512(2)
CesPty 431 56.7 0.2 1.3661(7) - 0.5779(3)
CePt 48.9 50.2 0.9 0.3934(3) 1.0893(7) 0.4531(2)
T16+CesPty+CePty T16 33.6 55.5 10.9 0.7393(3) 1.2946(5) 0.7512(3)
CesPty 422 57.5 0.3 1.3662(8) - 0.5780(4)
CePt; 33.7 66.1 0.2 0.77270(3) - -

the GdsSis-type branch of the SmsGey4-type of structure. Results of
the refinement for Ces(Ptg12Sio.g8)s, Which converged to R = 0.037
with residual electron densities smaller than +3.7 e~/10~>nm?, are
summarized in Table 3.

4.2.2. The crystal structure of t3-Ce,Pt;Siy

The phase field ‘c1(Ce3Pt23Sin )—'E7(Ceptz,xsiz.ﬂ()—fg(Cept3si)
was found to contain a new powder spectrum from a compound
with practically no homogeneity region centered around compo-
sition Ceqs3Pts40Si3g7 (in at%, from EPMA). The intensity pattern
of a single crystal, isolated from the alloy Ce;s4Pts41Siz05, was
indexed with an orthorhombic symmetry, i.e., space group Pnma
and lattice parameters: a = 1.96335(8)nm, b = 0.40361(4)nm,
¢ = 1.12240(6) nm. Direct methods yielded a completely ordered
atom arrangement isotypic with the structure type of Ce,Pt;Ge,4
[36]. Results of the refinement for Ce,Pt;Si4, which converged to
Rz = 0.029 with residual electron densities smaller than +5.9e~/
10~3nm?>, are summarized in Table 3. The composition derived
from the refinement is in perfect agreement with EPMA.

4.2.3. The crystal structure of t19-CePtSiy

Although the crystal structure of CeNiSi, has been elucidated
in several representatives [36], the X-ray intensity pattern of a
single crystal, isolated from the alloy Ce,sPt»5Siso, was studied
(space group Cmcm and lattice parameters: a = 0.42943(2)nm,
b =1.67357(5)nm, ¢ =0.42372(2)nm). From direct methods a
completely ordered atom arrangement was prompted being
isotypic with the structure type of CeNiSi,. No site defects were
observed. The refinement converged to R = 0.021 with residual
electron densities smaller than +7.6e~/10~>nm? (see Table 3).

4.2.4. Rietveld refinement of PtsSi

For Pt3Si, two polymorphic modifications (FesC-type [44] and
Pt3Ge-type [42]) are reported in the literature. However, Pt3Si in
as-cast state and after annealing at 800°C showed an X-ray
powder diffraction pattern incompatible with the Fes;C-type
structure, which was reported for ht-Pt5Si [44] and was suggested
to exist in the temperature range from 440 to 876°C [41].
The structure data presented for rt-Pt3Si (Pt;Ge-type, space group
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Table 3

X-ray single-crystal data at RT for various compounds from the Ce-Pt-Si system (Mo Ku radiation); structure data are standardized with program Structure Tidy [36]

A. Gribanov et al. / Journal of Solid State Chemistry 181 (2008) 2964-2975

Compound Ces(PtySii_x)a Ce,Pt;Siy CePtSi,
Nominal composition (at%) Cess.6Pts 0Siz6.4 Ce16Pt54Si30 Ce,5Pt;5Sis0
Formula from X-ray refinement in at% Ces(Pt,Sij_x)4, X = 0.12 Ce,Pt;Siy CePtSi,

Cess 5Pts 3Sizg 2 Ce5.4Pts538Si392 Ce,sPty5Sisg
Crystal size (mkm) 54 x 70 x 80 54 x 54 x 27 27 x 27 x 54
Structure type SmsGe, (branch GdsSig) Ce,Pt;Gey CeNiSi,
Space group Pnma Pnma Pnma

Lattice parameters (nm)

Mabs (Mm~")

Data collection, 26 range (°)
Total number of frames
Reflections in refinement
Mosaicity

Number of variables

R = Z|F3—F2|/ZF3

Rint

WR,

GOF

Extinction (Zachariasen)

Atom site 1
Occ.

U11,Uz2,Us3 (in 10> nm?)
U,3,U13,Us2 (in 10° nm?)

Atom site 2
Occ.

Uy1,Uz,,Us3 (in 10?2 nm?)
Us3,U13,Us2 (in 10° nm?)

Atom site 3

Occ.
Ui1,Ux,Us3 (in 10% nm?)
Uz = Uy = 0, Uys (in 102 nm?)

Atom site 4

Occ.
U11,U22,Us3 (in 10% nm?)
Us3,U13,Uz2 (in 10> nm?)

Atom site 5

Occ.
U11,Uz,,Us3 (in 10?2 nm?)
Uz = Uy =0, Uy (in 102 nm?)

Atom site 6

Occ.
U11,Uz2,U33 (in 10 nm?)
Uz = Uy = 0, Uys (in 102 nm?)

Atom site 7

Occ.
Uy1,Uz2,Us3 (in 10> nm?)
Uss = Uy = 0, Uss (in 102 nm?)

Atom site 8

Occ.
U11,Uz,Uss (in 10% nm?)
Uy = Uy = 0, U3 (in 102 nm?)

Atom site 9

Occ.
Ui1,Uz,Us3 (in 10?2 nm?)
Uz = Uy = 0, Uys (in 102 nm?)

Atom site 10

a=0.77223(3)

b = 1.53279(8)

¢ = 0.80054(5)

38.51

2<20<72.6; 75s/frame
356, 5 sets
1800>40(Fo) of 2238
0.45

53

0.037

0.062

0.109

1111

0.0002(1)

Cel in 8d (x,y,2)

0.31321(5), 0.12119(2), 0.18026(4)
1.00(1)

0.0151(2), 0.0133(2),0.0146(2)
0.0003(1), 0.0011(1), 0.0005(1)

Ce2 in 8d (x,y,2)

0.03037(5), 0.59774(3), 0.18278(4)
1.00(1)

0.0159(2), 0.0172(2), 0.0145(2)
0.0026(1), 0.0022(1), 0.0036(1)

Ce3 in 4c (x,1,2)

0.14248(8), 0.51233(7)

1.00(1)

0.0266(3), 0.0171(3), 0.0232(3)
0.0004(2)

M1 in 8d (x,y,2)

0.13940(15), 0.04027(8), 0.47641(14)
0.114(2)Pt+0.886(2) Si

0.0213(6), 0.0179(5), 0.0163(5)
0.0032(4), —0.0005(4), —0.0029(4)

M2 in 4c (x,4,2)

0.0201(2), 0.0973(2)

0.152(2) Pt+0.848 Si
0.0111(6), 0.0155(6), 0.0143(6)
0.0010(4)

M3 in 4c (x,3,2)

0.2528(2), 0.8784(2)

0.096(2) Pt+0.904 Si
0.0141(8), 0.0153(7), 0.0129(7)
—0.0005(5)

a=1.96335(8)

b = 0.40361(4)

¢ = 1.12240(6)

120.10

2<260<72.6; 150s/frame
400, 5 sets

2058 >40(Fy) of 2376
0.50

80

0.029

0.065

0.90

1192

0.00068(4)

Cel in 4c (x,1,2)

0.21910(4), 0.51894(7)

1.00(1)

0.0071(3), 0.0075(3),0.0052(3)
Uz = Upp = 0, Uys = —0.0019(2)

Ce2 in 4c (x,1,2)

0.02914 (4), 0.74378(6)
1.00(1)

0.0055(3), 0.0066(3),0.0026(3)
Uss = Upz = 0, U3 = 0.0008(2)

Pt1 in 4c (x.3,2)

0.21227(3), 0.19866 (5)
1.00(1)

0.0046(2), 0.0083(2),0.0082(2)
~0.0022(2)

Pt2 in 4c (X, 3,2)

0.03354(3), 0.06290(5)

1.00(1)

0.0041(2), 0.0063(2),0.0035(2)
Ups = Ups = 0, Us3 = —0.0001(2)

Pt3 in 4c (x,4,2)

0.65850(3), 0.55722 (5)
1.00(1)

0.0059(2), 0.0070(2),0.0040(2)
~0.0012(2)

Pt4 in 4c (X, 3,2)

0.37290(3), 0.62011 (5)
1.00(1)

0.0061(2), 0.0066(2),0.0027(2)
0.0010(2)

Pt5 in 4c (X.3.2)

0.04156 (3), 0.45063(5)
1.00(1)

0.0054(2), 0.0064(2),0.0040(2)
0.0009(2)

Pt6 in 4c (x,4,2)

0.36574 (3), 0.86767 (5)
1.00(1)

0.0071(2), 0.0085(2),0.0024(2)
~0.0004(21))

Pt7 in 4c (X, },2)

0.34850 (3), 0.24305 (5)
1.00(1)

0.0046(2), 0.0162(2),0.0043(2)
—0.0006(2)

Si1 in 4c (x,1,2); 0.2446(2), 0.7976(4)

a = 0.42943(2)

b =1.67357(5)
c=042372(2)
61.11

2<260<72.6; 220s/frame
523, 7 sets

428 >40(Fo) of 440
0.55

18

0.021

0.067

0.056

1.259

0.0015(2)

Cel in 4c (0,y, )

0.39465(3)

1.00(1)

0.0035(2),0.0038(2), 0.0045(2)
U3 = U3 = U2 =0.0

Pt1 in 4c (0,y,))

0.18004(2)

1.00(1)

0.0043(1),0.0044(1), 0.0048(2)
U3 =Ui3=U;2=0.0

Si1 in 4c (0,y.3)

0.7495(1)

1.00(1)

0.0044(8),0.0046(7), 0.0046(8)
U3 =Ui3=U12=0.0

Si2 in 4c (0,y,D)

0.0359(1)

1.00(1)

0.0060(8),0.0025(6), 0.0034(9)
Uys = Uz = Uy = 0.0



A. Gribanov et al. / Journal of Solid State Chemistry 181 (2008) 2964-2975 2973
Table 3 (continued )
Compound Ces(PtySi1_x)a Ce,Pt;Siy CePtSi,
Occ. 1.00(1)
Ui1,Us5,Us3 (in 102 nm?) 0.007(2), 0.009(2),0.003 (2)
Uas = Upp = 0, Ups (in 10?2 nm?) 0.0014(12)
Atom site 11 Si2 in 4c (x, }1,2)
0.4131(2), 0.0615 (3)
Occ. 1.00(1)
Us1,Ux,Us3 (in 10?2 nm?) 0.004 (1), 0.006 (2),0.003 (1)
Uas = Uyp = 0, Ups (in 10?2 nm?) 0.0005(11)
Atom site 12 Si3 in 4c (x, %»Z)
0.4136 (2), 0.4245(4)
Occ. 1.00(1)
Ui1,Us2,Us3 (in 102 nm?) 0.003 (1), 0.008 (2),0.002 (1)
Uas = Uyp = 0, Uys (in 10?2 nm?) 0.0005(12)
Atom site 13 Si4 in 4c (x, ‘lp 2)
0.0933 (2), 0.2515(3)
Occ. 1.00(1)
Ui1,Us5,Us3 (in 102 nm?) 0.007(2), 0.006 (2),0.003(2)
Uas = Upp = 0, Ups (in 10 nm?) 0.001 (1)
Residual density; e/10~> nm>® max; min 3.67; —3.02 5.37; —5.87 7.67; —2.71
Principal mean square atomic displacements of U;  Cel 0.0161 0.0138 0.0131 Cel 0.0082 0.0075 0.0040 Cel 0.0045 0.0038 0.0035
Ce2  0.0218 0.0130 0.0129 Ce2 0.0065 0.0055 0.0026  Pt1 0.0048 0.0044 0.0043
Ce3 0.0266  0.0231 0.0171 Pt1 0.0092 0.0083 0.0036 Sil 0.0046  0.0046  0.0044
M1 0.0236  0.0183  0.0136  Pt2 0.0063  0.0041 0.0035  Si2 0.0060 0.0034 0.0025
M2 0.0155 0.0145 0.0108  Pt3 0.0070  0.0065  0.0035
M3 0.0153 0.0143  0.0127 Pt4 0.0066  0.0063  0.0024
Pt5 0.0064 0.0058 0.0036
Pt6 0.0085  0.0071 0.0024
Pt7 0.0162 0.0050  0.0039
Si1 0.0087 0.0073  0.0026
Si2 0.0062 0.0042  0.0027
Si3 0.0084 0.0036  0.0023
Si4 0.0072  0.0059  0.0026

Table 4

Crystallographic data for Pt3Si, CesPtsSi (t16) and CesPtSiz (717) (X-ray powder diffraction, data at RT from image plate, Cu Ko1 radiation); standardized with program

Structure Tidy [36]

Parameter/compound Pt3Si CesPtsSi (716) Ce5PtSis (717)

Space group, prototype C2/m, Pt3Ge Imma, Ce3PdsSi Immm, BasAl,Ge,
Composition, EMPA Pt750Si25.0 Ces; 9Ptss5 651106 Ceq.8Pt15151421

Composition from refinement Pt75.0Si25.0 Ces33Ptss 5Siq11; CesPtsSi Ces2.9Pt146Si42.5; CesPty02Sis 08
Lattice parameters (nm), (Ge standard) a=0.7724(2) a = 0.74025(8) a = 0.41065(5)

Reflections measured

20 range

Number of variables

Rr = Z|Fo—F(|/ZFo

R = Zllo—Icl/Zlo

Rup = [ZwWilyoi—yel*[Zwilyoil ]
Ry = Zlyoi—yeil [Zlyoil

Re = [(N-P+C)[Zwyyoi*)]'?

XZ = (pr/Re)z

Atom parameters
Cel

Biso (102 nm?)
Ce2

Biso (102 nmz)v
M

Biso (102 an)
Pt2

Biso (102 nm?)

b = 0.7767(2), B = 133.86(2)°
¢ =0.5390(2)

147
8<26<100
24

0.098

0.089

0.074

0.058

0.022

11.8

4 Pt1: 4i (x,0,2)
0.2843(2), 0.6325(3)
0.98(3)

4 Pt2: 4h (0,y,3)

0. 2742(2)

0.9(3)

b =12951(2 )
c = 0.7508(1)

247
8<26<100
25

0.043

0.060

0.047

0.036

0.016

8.82

4 Cel: 4e (0,1,2)
0.6393(3)

0.25(5)

8 Ce2: 8h (0,y,2)
0.0502(1), 0.2840(2)
1.94(4)

4 Ptl: 4c G40

2.71(6)

16 Pt2: 16j (x,y.2)

0.2006(1), 0.60806(7), 0.0654 (2)
2.17(2)

b = 0.43221(5)
c = 1.8375(3)

138
8<26<100
36

0.043

0.052

0.037

0.030

0.020

3.37

2 Cel: 2a (0,0,0)

1.34(3)

4 Ce2: 4j 3.0,2)

0.18426(3)

1.88(2)

4M:2.05(1)Pt+1.95(1)Si: 4i (0,0,2)
0.43564(4)

1.71(2)
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Table 4 (continued )

Parameter/compound Pt3Si CesPtsSi (T16) CesPtSi3 (117)
Pt3 4 Pt3: 4g (0,y,0) - -
0.1870(2) = =
Biso (102 nm?) 0.56(3) = =
Sil 4 Sil: 4i (x,0,2) 4 Sil: 4e (0,1,2) 45i1: 4§ (0,3,2)
0.292(2), 0.061(2) 0.037(2) 0.3604(2)
Biso (102 nm?) 21(2) 32(3) 2.70(9)

Fig. 2. Microstructure of Ce-Pt-Si alloys annealed at 800 °C: (a) Ces3Pt;Sizo and (b) Ce43Pt14Sis0.

C2/m [42]) resulted in poor reliability factors, R = 0.266 and
R; = 0.396. But further Rietveld refinement of the atomic positions
arrived at satisfactorily low residual values RZ = 0.098 and
Ry = 0.089 (for results see Table 4).

4.2.5. Rietveld refinement of 7;5-Ce3PtsSi

EPMA of alloy Ces33Ptss6Sii11 (at%) annealed at 800 °C shows
almost single-phase CesPtsSi (10.6-11.2at% Si) with a small
amount of CePt,. Rietveld refinement of X-ray intensities reveals
complete atom order for CesPtsSi (see Table 4), which crystallizes
in the CesPdsSi-type [47] (space group Imma, a = 0.74025(8) nm,
b =1.2951(2)nm, c = 0.7508(1) nm).

4.2.6. Rietveld refinement of t;7-CesPtSi3

The ternary compound CesPtSiz was detected in an alloy with
nominal composition Ce43Pti4Sizs. It forms incongruently and
consequently the as-cast alloy contains significant amounts of
secondary phases 73-Ce(Pt,Si;_x)> and CeSi which both decom-
pose slowly during annealing in the temperature range
800-1000°C (Fig. 2b). Heat treatment at 800 °C for 20 days of a
re-powderized and cold compacted sample reduced the amount of
secondary phases to a level below 10 vol%. Rietveld refinement for
CesPtSi3 yields isotypism with the structure type of BasAl,Ge,
[36] (Immm, Z=2, a=0.41065(5)nm, b= 0.43221(5)nm,
c=1.8375(3)nm; see Table 4). Platinum and silicon atoms
randomly share the 4i site in a ratio 2.05:1.95. Splitting this site
into two 2a sites (0,0,z) in lower symmetry (space group Imm2)
does not support full order of the structure. Despite statistical
distribution of platinum and silicon atoms in the 4i site of Immm,
the compound has a limited homogeneity region at 800 °C smaller
than 1 at%.
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