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prepared by arc-melting under argon or powder reaction sintering. Eighteen ternary compounds have
been observed to participate in the phase equilibria at 800 °C. Atom order was determined by direct
methods from X-ray single-crystal counter data for the crystal structures of tg—Ce3Pd4Sis (U3NisSis-
type, Immm; a = 0.41618(1), b = 0.42640(1), ¢ = 2.45744(7) nm), t16—Ce,Pd14Si (own structure type,
Keywords: P4/nmm; a = 0.88832(2), c=0.69600(2)nm) and also for 7y3—CePd;_,Siy (x =0.07; FeB-type,
Ternary system Ce-Pd-Si Pnma; a = 0.74422(5), b = 0.45548(3), ¢ = 0.58569(4)nm). Rietveld refinements established the
};ir;irz Sl'lll'lfll;if; At 800°C atom arrangement in the structures of ts—CesPdSiz (BasAl,Ge,-type, Immm; a = 0.41207(1),
X-ray si(rllgle crystal and powder diffraction b =0.43026(1), c=1.84069(4)nm) and 113—Ce3,qu20+xSiG (0<x<1, CoyoAlsBe-type, Fm3m;
a=1.21527(2)nm). The ternary compound Ce,Pd;Si3 (structure-type Ce,Rh;35Geses, Pmmn;
a=0.42040(1), b =0.42247(1), ¢ = 1.72444(3)nm) was detected as a high-temperature compound,
however, does not participate in the equilibria at 800 °C. Phase equilibria in Ce-Pd-Si are characterized
by the absence of cerium solubility in palladium silicides. Mutual solubility among cerium silicides and
cerium-palladium compounds are significant whereby random substitution of the almost equally sized
atom species palladium and silicon is reflected in extended homogeneous regions at constant Ce-
content such as for 7,—Ce(Pd,Si;_y)> (AlB,-derivative type), Te—Ce(Pd,Si;_x)> (ThSi>-type) and
1,—CePd,_,Sio.. The crystal structures of compounds t4—Ce_gPd_46Si46, T12—Ce-_29Pd_40Si- 22,
T15—Ce 23Pd _g7Si-11, T17—Ce_sPd_77Si-1g and t13—CePd;_,Siy (x~0.1) are still unknown.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction combining elements with rather different melting points, a
temperature of 800 °C was chosen for the isothermal section.
Investigation of Ce-Pd-Si alloys was mainly driven by the
search for novel compounds with interesting electrical and/or
magnetic properties such as heavy-fermion materials and/or
Kondo-lattice compounds, some of which have already been
characterized e.g. Ce,PdsSis, Ce,PdSis, CesPd;eSig, CePd,Si and
CePd,Si; [1]. A recent critical assessment [1] summarized all data
available then on the Ce-Pd-Si system essentially based on phase
equilibria derived for an isothermal section at 600 °C by Seropegin
et al. [2]. As a result of the critical review an isothermal section at
600 °C was presented, which, however, left many regions in the
diagram open for further studies. The present paper attempts to
fill these gaps i.e. to provide a comprehensive knowledge on the
phase equilibria and crystal structures in the Ce-Pd-Si ternary
system. In order to profit from enhanced diffusion in the system

2. Experimental techniques

More than 130 alloys, each with a weight of 1 g, were prepared
by argon arc-melting from high-purity elements (>99.9 mass%),
on a water-cooled copper hearth. To ensure homogenization, all
alloys were re-melted three times. Part of each sample was
vacuum-sealed in quartz tubes and annealed at 800 °C for 15-30
days before being quenched in cold water. Alloys, which even after
long-term anneal did not reach equilibrium were powderized,
cold compacted and sintered at 800 °C for 2 weeks.

X-ray powder diffraction (XRD) data from as-cast and annealed
alloys were collected from a Guinier-Huber image plate system
(CuKoly; 8°<20<100°) and/or an STOE STADI P transmission
diffractometer, equipped with a linear PSD (CuKol;-radiation;
10° <26 <90°). Precise lattice parameters were calibrated against
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Table 1
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Crystallographic data of solid phases in the Ce-Pd-Si system.

Phase Space group Lattice parameters (nm) Comments
Temperature range (°C) Prototype a b c
(8-Ce) Im3m 0.412 [34]
789-726 [34] w
(y-Ce) Fm3m 0.51610 [34]
726-61 [34] Cu
(p-Ce) P63/mmc 0.36810 1.1857 [34]
61-(—177) [34] a-La
(a-Ce) Fm3m 0.485 [34]
<—177 [34] Cu
(Pd) Fm3m 0.38903 [34]
<1555 [34] Cu
(Si) Fm3m 0.54306 [34]
<1414 [34] C (diamond)
CesSis 14/mcm 0.7868 1.373 [35]
<1260 [11] CrsB; 0.7878 1.367 [11]
Ces(Pd,Si;_x)3 0<x<0.14 (this work)
0.78632 (5) 1.3816 (1) x = 0.11 (this work)
0.78563 (2) 1.3825 (1) Xmax = 0.14 (this work)
CesSiy P4/mbm 0.7780 0.4367 [11]
<1335 [11] UsSis
Ce3(Pd,Si;_x)2 0<x<0.10 (this work)
0.78021 (5) 0.43627 (3) x = 0.07 (this work)
0.77992 (1) 0.43656 (1) Xmax = 0.10 (this work)
CesSiy P442,2 0.7936 1.5029 [11]
<1500 [11] ZrsSia
Ces(Pd,Siy_x)a 0<x<0.16 (this work)
0.79574 (5) 1.5006 (3) x = 0.10 (this work)
0.79636 (6) 1.4979 (2) x = 0.12 (this work)
0.79678 (6) 1.4937 (2) Xmax = 0.16 (this work)
CeSi Pnma 0.8298 0.3961 0.5959 [11]
<1630 [11] FeB 0.83035 (7) 0.39651 (4) 0.59623 (5) (this work)
CeSiy_Pdy 0.82880 (6) 0.39803 (4) 0.59593 (6) Xmax = 0.02 (this work)
Ce,Siz_y Cmcm x =032 [12]
V,B; 0.44035 2.48389 0.39517 at 35K [12]
CeSiy 67 Imma 0.4109 0.4189 1.3917 at 62.6at% Si [11]
<1725 [11] GdSip
CeSip_x 141/amd - - - 0<x<0.21 [11]
<1575 [11] ThSi, 0.4192 1.3913 x=0][11]
0.41897 (3) 13932 (1) x = 0 (this work)
Ce(Pd,Siy_y)>—x 0<y<0.188 (this work)
0.4189 1.4241 x=0,y=0.2[24]
0.42016 (1) 1.4008 (1) x =0, y =0.075 (this work)
0.41968 (1) 1.4140 (1) x =0,y = 0.15 (this work)
0.41897 (1) 1.4202 (1) X =0, Ymax = 0.188 (this work)
Ce,Pd; P65mc 1.0222 0.6441 [36]
Ce7(Pd;_,Six)s Th,Fes
CesPd, Unknown [36]
a-CePd Cmcm 0.3890 1.0910 0.4635 [21]
<1005 [16] CrB 0.38893 (2) 1.0932 (1) 0.46229 (5) (this work)
B-CePd - = = [21]
1130-1005 [16]
CePd;_,Six Pnma 0.74422 (5) 0.45548 (3) 0.58569 (4) x = 0.07, SC data, (this work)
FeB
CesPd, R3 1.3669 0.5824 [36]
<1130 [16] PusPd, 1.3699 (2) 0.5813 (1) (this work)
CesPds P62m 0.725 0.385 [18]
<1037 [16] ThsPds
Unknown [19], (this work)
CePds.x Pm3m —0.002 <x<0.012 [37]
<1437 [16] CusAu 0.4129 x=01[19]
0.4112 x=0.01[19]
0.4160 [35]
0.41307 (1) x = 0.004 (this work)
Ce(Pdq_ySiy)3+x 0<y<0.08 (this work)
0.4194 CePd5Sio 15 [38]
0.41582 (1) x =0, y = 0.02 (this work)
0.42422 (3) X = 0, Ymax = 0.08 (this work)
a-CePds c* 0.4038 [39]
<801 [40] 0.4055 [17]
1060-1348 [17] 0.40283 (1) (this work)
Ce(Pd;_xSiy)s 0.41307 (1) Xmax = 0.048 (this work)
Pmma 0.57004 0.40622 0.84617 [41]

o-CePds
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Phase Space group Lattice parameters (nm) Comments
Temperature range (°C) Prototype a b c
B-CePds P6/mmm 0.5373 0.4177 [42]
801-1180 [40] CaCus
o-Ceq_xPd7.x h** —0.016 <x<0.168 at 550 °C [17]
<709 [40] 0.25930 0.41679 x =—0.016 [17]
0.25960 0.40483 x =0.168 [17]
B-Ceq_xPd7.x Fm3m —0.024<x<0.184 at 1000 °C [17]
709-1543 [17] CuPt, 0.8125 x = —0.024 [17]
0.7955 x =0.184 [17]
0.7946 (1) x = 0.23 (this work)
0.7986 (1) x = —0.008 (this work)
Pdgs_,Siie+x Unknown 0<x<0.3 [15]
< 811 [15]
PdsSi P2, 0.5555 0.7485 0.8465 [43]
856-811 [15] PdsP p =100.7°
Pd4Si3 Unknown [44]
<795 [15]
PdoSis Pnma 0.90548 0.74188 0.94014 [43]
819-764 [15] PdgSi; 0.9052 (1) 0.7417 (1) 0.9401 (1) (this work)
Pd;5Sis P1 0.4402 0.7700 0.8990 [45]
792-753 [15] o = 111.02° p =96.52° y =89.15°
Pd;Si Pnma 0.5735 0.7553 0.5260 [43]
<1064 [15] FesC 0.5737 (1) 0.7556 (2) 0.5263 (1) (this work)
Pd,Si (1) Unknown 33.3at% Si [15]
<1053 [15]
Pd,Si (2) - - - 33.5at% Si [15]
<1404 [15] P62m 0.6496 0.3433 [46]
Fe,P 0.6502 (1) 0.3432 (1) (this work)
Pd,Si (3) Unknown 33.9at% Si [15]
<1080 [15]
Pd,Si (4) Unknown 34.5at% Si [15]
<1072 [15]
PdSi Pnma 0.5599 0.3381 0.6133 [47]
908-888 [15] MnP 0.56116 (3) 0.33867 (2) 0.61476 (2) (this work)
865-824 [44]
74, CePdSis 14mm 0.4330 0.9631 [24]
BaNiSn; 0.43209 0.9606 [2]
0.43189 (2) 0.96061 (8) (this work)
Ty, Ce(Pd,Siq_x)2 P6/mmm 0.4129 0.4285 x = 0.25 [24]
AlB,? 0.4121 0.4272 x = 0.25 [48]
0.4134 0.4219 x=0.3[2]
0.41325 0.42684 x=0.2 [49]
AlB,- 0.215 <x<0.321 (this work)
derivative 0.41131 (2) 0.42820 (2) Xmin = 0.215 (this work)“
0.41174 (1) 0.42855 (1) x = 0.218 (this work)*
0.41223 (2) 0.42858 (2) x = 0.225 (this work)®
0.41514 (8) 0.42556 (8) x = 0.267 (this work)®
0.41762 (3) 0.42152 (3) Xmax = 0.321 (this work)"
0.8223 0.8565 supercell a = 2ay, ¢ = 2¢o
for Ce,PdSis [32]
0.82622 (3) 1.71315 (5) x = 0.25, supercell a = 2ao,
¢ = 4cop;
(this work)
T3, Ce,PdsSis Ibam, 0.9953 11810 0.5976 Annealed at 800 °C [24]
U,Cos3Sis 0.9949 11816 0.5970 Annealed at 900 °C [50]
0.9970 1.187 0.5990 Annealed at 900 °C [51]
0.9951 (1) 11813 (2) 0.5973 (1) (this work)
T4, CegPd6Sise Unknown (this work)
75, Ce3PdSis Immm 0.41207 (1) 0.43026 (1) 1.84069 (4) (this work)
BasAl,Ge,
T6, Ce(Pd,Sii_x)2 144/amd 0.4185 1.4602 x=0.38 [26]
ThSi, 0.41842 1.4571 x=0.3[2]
0.338 <x<0.387 (this work)
0.41837 (4) 1.4508 (2) Xmin = 0.338 (this work)
0.41833 (1) 1.4563 (1) x = 0.360 (this work)
0.41818 (1) 1.4577 (1) x = 0.375 (this work)
0.41863 (1) 1.4599 (1) Xmax = 0.387 (this work)
T, CePdy_,Sizsx I4/mmm 0<x<0.35 [2]
<1510 [2] ThCr,Si, 0.4212 0.998 x=0[52]
0.4232 0.9911 x =0 [25]
0.42367 0.98880 x=0,T=5K[53]
0.42234 0.98962 x=0,T=15K [53]
0.4236 0.9874 x =0 [54]
0.4236 0.9900 x =0 [55]
0.42365 0.9899 x=012]
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Table 1 (continued )

Phase Space group Lattice parameters (nm) Comments
Temperature range (°C) Prototype a b c
0<x<0.25 (this work)
0.42388 (4) 0.9878 (1) Xmin = 0 (this work)
0.42159 (3) 0.9942 (1) x = 0.16 (this work)
0.42080 (4) 0.9995 (1) Xmax = 0.25 (this work)
Tg, Ce3Pd,Siy Immm 0.41618 (1) 0.42640 (1) 2.45744 (7) SC data (this work)
U3Ni,Sia 0.41768 (2) 0.42550 (2) 2.4475 (1) (this work)
Tg, CePdSi P2,/c 1.0810 0.5864 0.7891 SC data [26]
PrPdSi B =9213°
1.0813 (2) 0.58655 (3) 0.78923(5) (this work)
B =9213 (1)
T10, Ce4Pd20Sitg Fm3m 1.8010 SC data [27]
<1110 [2] Ce4PdoSit4 1.8031 (2) (this work)
Tq1, CePd,Si Pnma 0.7609 0.6877 0.5695 [28]
YPd,Si 0.7602 (1) 0.6874 (1) 0.5694 (1) (this work)
T12, Cez9Pd49Sizn Unknown (this work)
T13, Ce3xPd2o4xSig Fm3m 0<x<1 (this work)
<1240 [2] Coy0Al3Bg 1.2161 x =0, SC data [29]
atx=0 1.2280 x =0 [56]
12272 (1) x = 0 (this work)
or W5(Cr,;Cg 1.2214 (1) x = 0.5 (this work)
atx=1 1.2163 (1) x = 1 (this work)
T14, CesPdsSi Imma 0.7377 (4) 1.3027 (4) 0.7580 (4) SC data [30]
<950 [2] Ce3Pd;Si 0.7438 (7) 1311 (1) 0.767 (1) [57]
liquidus observed at 985 °C [2]
0.73852 (5) 1.3039 (7) 0.76027 (5) (this work)
T15, Cez,Pdg7Siy Unknown (this work)
T16, CexPd 4Si P4/nmm 0.88832 (2) 0.69600 (2) SC data (this work)
Ce,Pd4Si
CeoPd1g_xSitex 0<x<0.32 (this work)
0.88789 (3) 0.69551 (2) x = 0.06 (his work)
0.88380 (7) 0.70394 (7) Xmax = 0.32 (this work)
717, CesPd7Siqg Unknown (this work)
T1g, CePd;_,Siy Unknown 0.06 <x<0.13 (this work)
CePdSiy* Immm 0.4456 1.6495 0.8773 [31]
YIrGe,
Ce,Pd;Sis? Pmmn 0.42040 (1) 0.42247 (1) 1.72444 (3) (this work)
>800°C CesRhy35Geq 65
Ce_12Pd _g3Si_25" Unknown (this work)
>800°C
Ce_»,Pd _g:Si_17° Unknown (this work)
>800°C

2 Phase not detected in the present work.

P Phase detected in as-cast alloy but does not participate in phase equilibria at 800 °C.

¢ Lattice parameters are given for AlB,-subcell.

Ge as internal standard (age = 0.5657906nm) using program
STOE-WinXpow [3].

Single crystals (SC) 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
(4 =0.071073 nm). Orientation matrix and unit cell parameters
were derived using program DENZO [4]. No absorption corrections
were necessary because of the rather regular crystal shape and
small dimensions of the investigated specimens. The structures
were solved by direct methods [5] and refined with the SHELXL-
97 program [6]. Quantitative Rietveld refinement of the X-ray was
performed with the FULLPROF program [7,8], employing internal
tables for X-ray atomic form factors. Atom parameters were
standardized with the aid of program STRUCTURE TIDY [9].
Structure and polyhedra were visualized using program DIA-
MOND [10].

All as-cast and annealed samples were polished via standard
procedures and have been examined by scanning electron
microscopy. Phase compositions were determined by Electron

Probe Microanalysis (EPMA) on a Carl Zeiss LEO EVO 50XVP
instrument with a Link EDX INCA Energy 450 system and a Carl
Zeiss DSM 962 instrument equipped with a Link EDX system.

3. Binary systems

The Ce-Si binary phase diagram is based on a recent
investigation by Bulanova et al. [11] amended by data on the
existence of Ce,Siz_x (x=0.32) [12]. The Pd-Si system was
adopted from a recent review by Okamoto [13]. With respect to
the rather slow decomposition kinetics of PdSi (PdSi<>Pd,Si+(Si)
at 824 °C[14]) we have not included PdSi in our isothermal section
at 800°C, although PdSi is clearly observed in our ternary
Ce-Pd-Si alloys after anneal at 800 °C up to 20 days (see Chapter
4.2). Furthermore, the compounds Pd;gSi;o and Pd3gSiyo with
unknown structure, which were reported [15] to exist at the Si-
rich side of Pd,Si, could neither be detected in our EPMA (due to
missing phase contrast) nor from XPD data (due to coincidence
with the unknown structure of 74, CegPd4gSiss).

As far as the binary system Ce-Pd as presented by Okamoto
[16] is concerned, we observed discrepancies for (i) the stability
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Table 2
Data on alloys from three-phase regions in the Ce-Pd-Si system at 800 °C.
Three-phase field Phase EPMA (at%) Lattice parameters (nm)
Ce Pd Si a b c
(Si)+CeSiy+14 (Si) 53 1.1 93.6 0.54292 (2)
CeSi, 33.9 8.5 57.6 0.41979 (1) 1.4107 (1)
T4 203 19.6 60.1 0.43205 (3) 0.9611 (1)
(Si)+ti+13 (Si) 0.0 0.2 99.8 0.5426 (1)
Ty 20.2 20.7 59.1 0.43191 (4) 0.9604 (1)
T3 20.4 301 49.5 0.9949 (2) 11820 (2) 0.5978 (1)
(Si)+t3+T4 (Si) 0.0 0.6 99.4 0.5428 (2)
T3 19.5 30.4 50.1 0.9958 (2) 1.1822 (3) 0.5964 (1)
T4 7.8 454 46.8 Unknown
(Si)+Pd,Si+ty (Si) 0.0 0.0 100.0 0.54297 (5)
PdSi? 0.0 49.8 50.2 0.56116 (3) 0.33867 (2) 0.61476 (2)
Pd,Si 0.0 66.8 33.2 0.6531 (1) 0.34325 (5)
T4 8.1 47.2 44,7 Unknown
CeSiy+11+73 CeSi, 334 8.7 57.9 0.41961 (2) 1.4117 (1)
T1 20.2 20.0 59.8 0.43199 (9) 0.9607 (2)
T3 19.8 29.7 50.5 0.99514 (5) 1.1823 (1) 0.5976 (3)
CeSi+CeSiy+1; CeSi 49.5 0.0 50.5 0.8283 (1) 0.3967 (4) 0.59678 (9)
CeSi, 33.6 1.2 55.2 0.41860 (5) 1.4181 (3)
R 33.7 143 52.0 0.41131 (2) 0.42820 (2)
CeSir+1,+13 CeSi, 329 12.5 54.6 0.41897 (1) 1.4202 (1)
722 33.2 14.5 52.3 0.41174 (1) 0.42855 (1)
T3 20.1 30.0 49.9 0.9949 (1) 11826 (1) 0.59758 (4)
CeSi+CesSis*Ts CeSi 51.5 1.0 47.5 0.82880 (6) 0.39803 (4) 0.59593 (6)
CesSiy 55.6 0.0 444 0.79520 (6) 1.5070 (3)
Ts 42.9 141 43.0 0.41197 (4) 0.43053 (4) 1.8415 (2)
CeSi+1,+75 CeSi 49.5 0.00 50.5 0.8288 (1) 0.39723 (4) 0.59715 (8)
75° 335 17.8 48.7 0.41514 (8) 0.42556 (8)
15 431 134 435 - - -
To+T5+T6 752 32.6 21.8 45.6 0.41725 (5) 0.42101 (5)
Ts 419 14.6 435 0.41138 (7) 0.42926 (7) 1.8448 (3)
T6 331 229 44.0 0.41845 (5) 1.4526 (2)
TotTetTy7 " 33.2 214 453 0.41762 (3) 0.42152 (3)
Ts 33.6 22.5 439 0.41837 (4) 1.4508 (2)
T7 20.3 40.3 394 0.42403 (5) 0.9868 (2)
To+T3+T7 T2 33.2 14.8 52.0 0.41272 (1) 0.42853 (1)
T3 20.1 29.9 50.0 0.99694 (3) 118244 (3) 0.59702 (1)
T7 20.4 33.9 45.7 0.42117 (1) 0.99784 (3)
T3+T4+T7 T3 19.7 30.5 49.8 0.9959 (1) 1.1823 (1) 0.59768 (6)
T4 7.2 46.6 46.2 Unknown
T7 19.8 35.2 45.0 0.42113 (3) 0.9980 (2)
Pd,Si+14+1T7 Pd,Si 0.0 65.4 34.6 0.65316 (5) 0.34327 (3)
T4 7.9 454 46.7 Unknown
T7 20.1 34.8 451 0.42120 (4) 0.9988 (2)
CesSis+T5+T18 CesSig 55.4 53 39.3 0.79636 (6) 1.4979 (2)
Ts 42.8 14.8 424 0.41220 (2) 0.43042 (3) 1.8411 (2)
T18 49.7 43.8 6.5 Unknown
CesSis+CesSir+T1g CesSiy 56.0 71 36.9 0.79678 (6) 1.4937 (2)
CesSiy 60.0 2.7 37.3 0.78021 (5) 0.43627 (3)
T18 499 44.2 5.9 Unknown
Ce3Siy+CesSiz+CePd CesSiy 60.1 4.0 35.9 0.77992 (1) 0.43656 (1)
CesSis 62.7 41 33.2 0.78632 (5) 1.3816 (1)
CePd 49.5 474 3.1 - - -
T5+To+T1g Ts 44.7 12.2 431 0.41198 (1) 0.42953 (1) 1.84524 (5)
Tg 33.8 32.7 335 1.08074 (4) 0.58626 (2) 0.78830 (3)
p=9216 (1)
T18 50.4 46.1 3.5 Unknown
TetTgtTy Tg 335 25.8 40.7 0.41863 (1) 1.4599 (1)
Tg 273 36.2 36.5 0.41768 (2) 0.42550 (2) 2.4475 (1)
Tg 33.2 33.6 33.2 1.08103 (4) 0.58642 (2) 0.78925 (3)
p=9214 (1)
TetT7+Tg T6 324 25.2 42.4 0.41849 (2) 1.4561 (2)
T7 19.7 40.3 40.0 0.42398 (4) 0.9869 (1)
Tg 27.0 36.1 36.9 0.4180 (1) 0.4248 (1) 2.4445 (4)
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Three-phase field Phase EPMA (at%) Lattice parameters (nm)
Ce Pd Si a b c
Tg+TotT12 Tg 274 37.0 35.6 0.41618 (5) 0.42615 (5) 2.4533 (4)
Tg 33.4 34.3 32.4 - - -
T1 28.7 49.5 21.8 Unknown
Tg+T11+T12 Tg 271 371 35.8 0.41616 (5) 0.42632 (5) 2.4527 (3)
1 25.0 499 251 0.7607 (1) 0.6876 (1) 0.56969 (8)
T1 28.7 489 224 Unknown
T7+Tg+T11 T7 19.7 40.5 39.8 0.4240 (1) 0.9897 (3)
Tg 271 36.7 36.2 0.41635 (3) 0.42613 (3) 2.4517 (2)
T 24.7 50.3 25.0 0.7615 (1) 0.6873 (1) 0.5701 (1)
T7+T11+T15 T7 19.6 40.6 39.8 0.42374 (2) 0.98694 (8)
T 24.8 50.1 251 - - -
T15 22.7 65.6 11.7 Unknown
T74+T13+T15 T7 19.7 40.9 394 0.42429 (3) 0.9878 (1)
T3 10.9 68.3 20.8 1.22783 (3)
T1s 22.6 65.5 11.9 Unknown
T7+T10T13 T7 19.6 40.2 40.2 0.42453 (3) 0.98647 (7)
T1o 8.5 61.4 30.1 1.80342 (7)
T13 10.6 68.2 21.2 1.22751 (4)
Pd,Si+1,+719 Pd,Si 0.0 481 47.9 0.64997 (7) 0.34286 (7)
T7 19.7 40.3 40.0 0.42435 (3) 0.9875 (1)
T10 8.5 62.0 29.5 1.80457 (7)
Ce3Pd,+CePd+1g CesPd, 435 56.0 0.5 1.3692 (2) 0.58230 (5)
CePd 50.4 49.0 0.6 0.38893 (2) 1.0932 (1) 0.46229 (5)
Tg 34.5 334 31.9 1.0816 (1) 0.58655 (7) 0.78869 (9)
B =9211 (1)
Ce3Pd+T9t+T14 CesPd, 432 56.8 0.0 1.3699 (2) 0.5813 (1)
Tg 33.6 344 32.0 1.08163 (4) 0.58668 (2) 0.78929 (3)
B =92.08 (1)°
Tia 33.5 55.0 11.5 0.7372 (1) 1.3052 (3) 0.7575 (1)
Ce3Pd4+CesPds+T14 CesPd, 433 56.7 0.0 1.3687 (3) 0.5821 (1)
CesPds 37.6 62.4 0.0 Unknown
Tia 34.1 54.6 11.3 0.73842 (4) 1.30423 (5) 0.76015 (4)
Ce3Pds+CePds+714 CesPds 37.2 62.8 0.0 Unknown
CePd3 243 69.6 6.1 0.42411 (4)
Tia 33.5 55.6 10.9 0.7388 (1) 1.3031 (2) 0.7597 (1)
CePd3+T14+715 CePd3 24.4 69.7 5.9 0.42431 (3)
T4 334 55.3 1.3 0.73851 (6) 1.3043 (1) 0.75976 (7)
T15 22.7 66.1 11.2 Unknown
Tg+T12+T14 To 33.6 34.4 32.0 1.0820 (1) 0.58684 (4) 0.78931 (7)
f=9211 (1)
T12 28.9 489 22.2 Unknown
Tia 33.2 55.7 11.1 0.7377 (2) 1.3042(3) 0.7604 (2)
T12+T14+T15 T12 28.7 49.5 21.8 Unknown
Tia 331 55.6 11.3 - - -
T1is 22.6 66.1 1.3 Unknown
T11+T12+T15 ™ 24.5 49.8 25.7 0.76031 (9) 0.68741 (7) 0.56933 (8)
T12 28.5 49.0 225 Unknown
T 21.9 66.2 11.9 Unknown
CePd3+T13+715 CePd3 ~25 ~69 ~6 0.42416 (2)
T3 10.9 68.7 20.4 1.22732 (7)
T5 223 66.8 10.9 Unknown
Pd,Si+710+713 Pd,Si 0.0 66.7 333 0.64961 (2) 0.34338 (1)
T10 9.0 62.0 29.0 1.80394 (5)
T13 10.5 68.8 20.7 1.22789 (3)
Pd,Si+Pd;Si+743 Pd,Si 0.0 67.6 324 0.6502 (1) 0.34317 (6)
Pd;Si 0.0 75.8 24.2 0.5747 (1) 0.7565 (1) 0.5253 (1)
T13 6.7 73.4 19.9 1.21672 (8)
Pd;Si+T43+717 Pd;Si 0.0 75.0 25.0 0.5737 (8) 0.7556 (2) 0.5263 (1)
T3 6.9 72.9 20.2 1.2150 (1)
T17 4.8 76.4 18.8 Unknown
CePd3+713+T16 CePd3 24.2 75.8 0.0 0.41439 (3)
T3 7.0 72.4 20.6 1.2151 (1)
T16 11.5 80.7 7.8 0.88380 (7) 0.70394 (7)
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Table 2 (continued )

Three-phase field Phase EPMA (at%) Lattice parameters (nm)
Ce Pd Si a b c
T13+T16+T17 T13 7.3 73.0 19.7 1.21462 (6)
Ti6 11.9 821 6.0 0.88743 (3) 0.69676 (4)
T17 49 77.2 17.9 Unknown
CePd;+746+L CePd; 9.8 90.2 0.0 0.79458 (7)
T16 11.6 85.5 5.9 0.8880 (3) 0.6965 (1)
L 2.2 83.6 14.2
CePds+CePd;+716 CePds 16.4 81.5 21 - - -
CePd; 12.6 87.4 0.0 0.79519 (3)
T16 12.2 81.6 6.2 0.88789 (3) 0.69551 (2)
CePd;+CePds+146 CePd; 24.6 75.4 0.0 0.41307 (1) - -
CePds 15.8 79.7 4.5 0.4021 (4)
Ti6 - - - 0.88531 (6) 0.70058 (6)

¢ Non-equilibrium phase.
b Lattice parameters are given for AlB,-subcell.
¢ Eutectic composition.

range of CePd; and (ii) the crystal structure of CesPds. Our
investigations are consistent with data of Bretschneider and
Schaller [17] on the existence of CePd; at 800°C in the
composition range from 10.2 to 12.8 at% Ce. Secondly, our X-ray
patterns recorded from CesPds in as-cast state and after anneal at
800 °C are incompatible with the ThsPds-type structure reported
by Kappler et al. [18], however, are in line with Thomson [19] who
noted that CesPds does not resemble the ThsPds structure. The
alloy CePds annealed at 800°C was found to contain both the
hexagonal hT phase and the fcc IT phase, for which Kuwano et al.
[20] with the aid of electron diffraction and high-resolution
microscopy clearly revealed a superstructure that can not be
recognized by simple X-ray powder diffraction. As reported in
literature [21], we also were not able to quench the high-
temperature modification B-CePd. However, refinement of X-ray
single-crystal data, collected on a single crystal, which was
isolated from the as-cast alloy CegoPd3gSio, reveals an atomic
arrangement isotypic with the structure type of FeB. Direct
methods converged to R = 0.032 at residual electron densities

smaller than +4.2e /A3 resulting in a formula Ce(Pd;_,Siy)
x =0.07(1).

Crystallographic data pertinent to the Ce-Pd-Si system are
summarized in Table 1. X-ray powder diffraction intensities for
binary and unary phases reported in literature agree well with
those observed in ternary Ce-Pd-Si alloys (Table 2).

4. Results and discussion

4.1. Crystal structure of ternary phases

Crystal structures for all those ternary compounds, which were
already reported earlier (t;—CePdSi3; (BaNiSns-type) [2,22],
T3—C€2Pd3sis (U2C03Si5—type) [23], Tg—ce(PdXSil,x)z (ThSlz—type)
[24], 17—CePd;,_,Siz.+x (ThCr,Siy-type) [25], To—CePdSi (PrPdSi-
type) [26], T10—C€4pd295i14 (OWH type) [27], Tn—cepdzsl (Yszsl-
type, ordered version of FesC-type) [28], Ti3—Ces3_xPd;0+xSig
(Cog0Al3Be-type) [29], T14—Ce3PdsSi (own type) [30]), were found
to be consistent with data in literature. CePdSi, (YIrGe,-type)
reported to be stable at 1000 °C [31] does not participate in the
equilibria at 800 °C.

Ce(Pd,Si;_x)» with AlB,-type [22,24] is observed only in the as-
cast state whereas the alloys annealed at 800 °C reveal a set of
additional reflections indicating superstructure formation. All

X-ray reflections were indexed on a hexagonal cell with lattice
parameters a = 0.82638(6)nm and ¢ = 1.7134(1) nm indicating an
a = 2ap and ¢ = 4cq supercell of the AIB,-type. These data are in
line with observations of a superstructure a = 2ay and ¢ = 2¢o for
composition Ce,PdSis [32]. Our attempts to select a single crystal
suitable for structure determination was unsuccessful and there-
fore 7,—Ce(Pd,Si;_x)> is denoted in the manuscript as AlB,-
derivative.

For a series of new compounds, crystal structures were derived
either from single crystals or by Rietveld analyses. Crystal data
and extension of solid solutions are summarized in Tables 1, 3 and
4. Structural chemistry of the new compounds 7s5—Ce3PdSis
(B33A12G62-type), rg—CegPd4Si4 (U3Ni4Si4—type), ‘513—Ce2Pd21Si6
(W>,Cr,1Cs-type) and solution phases follow the characteristics
already outlined for the prototype structures, while the new
ternary compound 7;6—CeyPd4Si crystallizes with a unique
tetragonal structure.

Five ternary phases T4—Ce~8Pd~455i~45. le—cewzgpd~4gsiwzz,
’C15—Ce~22pd~57si~11, T17—CeN5PdN77SiN1g and ‘513—CePd1,xSix
with unknown structures were detected. Besides the ternary
phases, which are stable at 800°C (Table 1), a new high-
temperature compound Ce,PdsSiz was observed in as-cast condi-
tions and after anneal at 1100 °C. Ce,Pd5Si3, however, is unstable
at 800 °C. Rietveld refinement for Ce,Pd5Sis yields isotypism with
the structure type of Ce;Rhi35Geses [33] (Pmmn, Z=2,
a = 0.42040(1), b = 0.42247(1), c = 1.72444(3) nm; see Table 4).

Two further compounds with structures still unknown and
compositions Ce_1,Pd _g3Si—5 and Ce_5Pd_g;Si17 (in at% from
EPMA) were detected in as-cast state, however, these phases
decompose after anneal at 800 °C (Fig. 1).

Compositional dependences of unit cell parameters as a
function of Si/Pd exchange for 7,—Ce(Pd,Si;_x)» (AlBy-derivative
type, 0.215<x<0.321), ts—Ce(Pd,Si; _x)2 (ThSi>-type, 0<x<0.188
and 0.338<x<0.387) and t,—CePd,_,Siz+x (ThCr,Sir-type,
0<x<0.25) are shown in Fig. 2. One can see that within
homogeneity regions of both phases with ThSi,-type structure
the c-lattice parameter increases significantly while the
a-parameter is almost unaffected by Pd/Si substitution. A
different trend is observed for 7,—Ce(Pd,Si;_x)> (AlB,-derivative
type) and t,—CePd; ,Si»_x (ThCr,Si>-type): the a-lattice
parameter increases while the c-lattice parameter decreases
with increase of Pd content. Note that the resulting atomic
volume for these phases increases with Pd content in line with the
difference of the atomic radii of the elements.
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Table 3

X-ray single-crystal data for 7;3—CePd;_,Siy, Ts—Ce3Pd4Sis and 716—Ce;Pd4Si (MoKw radiation, room temperature); structure data standardized with program Structure
Tidy [9].

Parameter/compound T18-CePd,_,Siy 13—Ce3Pd,Siy T16—CesPd14Si

Alloy composition (at%)
Crystal size (um)

Space group

Prototype

Pearson symbol

Lattice parameters (nm)

CegoPd3Sis

30 x30x 30
Pnma (no. 62)
FeB

oP8
a=0.74422 (5)
b =0.45548 (3)
¢ = 0.58569 (4)

Cey73Pd363Si36.4
50 x 50 x 50
Immm (no. 71)
UsNigSis

ol22
a=0.41618 (1)
b — 0.42640 (1)
¢ = 2.45744 (7)

Ceq1.7Pdg.4Sis 9
30x30x30
P4/nmm (no. 129)
Ce,Pdy,Si

tP34

a=0.88832 (2)

¢ = 0.69600 (2)

Volume (nm?3) 0.19854 (2) 0.4361 (3) 0.54922 (2)

Uabs (Mm—") 29.11 23.84 30.42

26 range up to (°) 72.62 72.57 72.23

Reflections in refinement 390>40(F,) of 518 602 >40(F,) of 640 676>40(Fy) of 768

Index range —-12<h<12 —6<h<6 —14<h<14
—-7<k<7 —-7<k<7 —14<k<14
-9<I<9 —-38<I<39 -li<l<1l

Calculated density (g/cm?) 7.59 7.30 10.87

Number of variables 15 25 32

R =Y|R-R|/> R 0.032 0.022 0.025

Rint 0.020 0.012 0.047

WR; 0.071 0.060 0.038

GOF 1.053 1.192 1139

Extinction 0.0023 (7) 0.0039 (2) 0.00020 (5)

Atom parameters
Atom site 1 4 Cel in 4c (x,1/4,2); 2 Cel in 2a (0,0,0) 2 Cel in 2c (1/4,1/4,2);

occ.
Us1,Us2,Us3 (in 102 nm?)
U,3,U;3,U;5 (in 102 nm?)
Atom site 2

occ.
Us1,Us5,Us3 (in 102 nm?)
Us3,U;3,Us5 (in 102 nm?)
Atom site 3

occ.
U11,Uz2,Us3 (in 102 nm?)
Ua3,Us3,U;2 (in 102 nm?)
Atom site 4

occ.
Uy1,Uz2,Us3 (in 102 nm?)
U,3,U;3,Us2 (in 102 nm?)
Atom site 5

occ.
Us1,U52,Us3 (in 102 nm?)
U,3,U;3,Us2 (in 102 nm?)
Atom site 6

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

Atom site 7
occ.

Uy1,Up,,Uss (in 10?2 nm?)
U,3,U33,Us, (in 102 nm?)

Residual density (e/A%); max; min

Principal mean square atomic displacements of Uj;

x = 0.18057 (6)

z=0.63849 (8)

1.00 (-)

0.0159 (2), 0.0235 (3),0.0176 (3)
0, 0.0001 (2), 0

4 M1 in 4c (x, 1/4,2);

x = 0.04150 (11),

z=0.14235 (14)

0.93 (1) Pd+0.07 Si

0.0285(4), 0.0176(3), 0.0288(5)
0, —0.0033 (3), 0

4.2; -2.4

Cel 0.0235 0.0176 0.0159
Pd1  0.0319 0.0254 0.0176

1.00 (-)

0.0076 (2), 0.0085 (2), 0.0087 (2)
0,0,0

4 Ce2 in 4j (1/2,0,2);

z=0.35283 (1)

1.00(—)

0.0077 (2), 0.0075 (2), 0.0068 (1)
0,0,0

4 Pd1 in 4j (1/2,0,);

z=0.09827 (2)

1.00 (-)

0.0129 (2), 0.0073 (2), 0.0081 (2)
0,0,0

4 Pd2 in 4i (0,0,2);

z=0.24917 (2)

1.00 ()

0.0086 (2), 0.0090 (2), 0.0076 (2)
0,0,0

4 Sil in 4j (1/2,0,2);

z=0.19737 (6)

1.00 (—-)

0.0082 (6), 0.0081 (6), 0.0081 (6)
0,0,0

4 Si2 in 4i (0,0,2);

z=0.45212(6)

1.00 (-)

0.0089 (6), 0.0017 (5), 0.0055 (5)
0,0,0

1.8; —2.1

Cel 0.0087 0.0085 0.0075
Ce2 0.0077 0.0075 0.0068
Pd1  0.0129 0.0081 0.0073
Pd2 0.0090 0.0086 0.0076
Sil 0.0082 0.0081 0.0081

z = 0.06217 (9)

1.00 (-)

0.0087 (2), 0.0087 (2),0.0082 (3)
0,0,0

2 Ce2 in 2b (3/4,1/4,1/2)

1.00(-)

0.0118 (2), 0.0118 (2), 0.0079 (3)
0,0,0

8 Pd1 in &j (x,x,2);

x = 0.08360 (3),

z=0.38531(6)

1.00 (-)

0.0099 (1), 0.0099 (1), 0.0093 (2)
0.0000 (1), 0.0000 (1), —0.0008 (1)
8 Pd2 in 8i (1/4,y,2);

y = 0.01805 (5),

z=0.73901 (6)

1.00 (-)

0.0112 (2), 0.0080 (2), 0.0102 (2)
0.0014 (1), 0,0

8 Pd3 in 8i (1/4,y,2);

y =0.59995 (5),

z = 0.14875 (6)

1.00 (-)

0.0077 (2), 0.0090 (2), 0.0114 (2)
0.0012 (1),0, 0

4 Pd4 in 4d (0,0,0)

1.00 ()
0.0094 (2), 0.0094 (2), 0.0106 (2)
~0.0002 (1), —0.0002 (1), 0.0024 (2)

2 Sil in 2¢ (1/4,1/4,2);

z = 0.5498 (5)

1.00 (—)

0.009 (1), 0.009 (1), 0.009 (1)
0,0,0

1.8; —2.2

Cel 0.0087 0.0087 0.0082
Ce2 0.0119 0.0119 0.079

Pd3 0.0107 0.0093 0.0091
Pd4 0.0112 0.0109 0.0073
Pd5 0.0119 0.0085 0.0077
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Crystallographic data for 15—Ce3PdSis, 713—Ce,Pd;;Sis and Ce,PdsSis (X-ray powder diffraction at room temperature, image plate, CuKo1 radiation); standardized with

program Structure Tidy [9].

Parameter/compound 15—Ce3PdSis T13—Ce,Pd,;Sig Ce,Pd;Sis*
Composition, EPMA (at%) Cey2.4Pd14,55i431 Ces.oPd72.8Si20.3 Cez4.6Pd36.7Si38.7
Composition from refinement (at%) Cesp9Pdq37Sis34 Ceg.oPd72 4Si50.7 Ce,sPd375Si375
Formula from refinement CesPdg 96Si3.04 Ce,Pd;;Sig Ce,PdsSis3

Space group Immm (no. 71) Fm3m (no. 225) Pmmn (no. 59)
Pearson symbol ol14 cF116 oP16

Prototype BasAl;Ge; W,Cr5:Ce CesRh; 35Ge465

Lattice parameters, (nm)
(Ge standard)

Reflections measured
20 range, (deg)
Number of variables
Rp = Y |Fo—Fcl/>"Fo
Ri=3lo=1cl/> 1o
Rup = [SWilyoi—yal2 S wilyoil 1"
Re = > |yoi=Yeil [ >Ioil
e = [((N-P+O)[ S wiyoi’]'?
%* = (Rwp[Re)*

Atom parameters
Atom site 1

occ.
Biso (102 nm?)
Atom site 2

occ.
Biso (102 an)
Atom site 3

occ.
Biso (102 nm?)
Atom site 4

occ.
Biso (10> nm?)
Atom site 5

occ.
Biso (]02 an)
Atom site 6

occ.
Biso (]02 nm2)
Atom site 7

occ.
Biso (102 nm?)
Atom site 8

Occ.
Biso (102 nm?)

a = 0.41207 (1)
b = 0.43026 (1)
¢ = 1.84069 (4)
111

8<20<90

26

0.050

0.054

0.035

0.026

0.023

24

4 Cel in 4j (1/2, 0, z);
z=0.18512 (4)

1.00 (-)

0.40 (1)

2 Ce2 in 2a (0, 0, 0)

1.00 (-)

0.72 (1)

4 Sil in 4j (1/2, 0, 2);
z=0.3626 (2)

1.00 (-)

0.46 (1)

4 M in 4j (1/2, 0, z);
z=0.43637 (9)

0.52 (1) Si+0.48 Pd
0.39 (1)

a=121527 (2)

a = 0.42040 (1)
b = 0.42247 (1)
c=1.72444 (3)

74 195
8<20<90 8<20<90
21 32

0.037 0.040
0.033 0.044
0.030 0.021
0.021 0.014
0.014 0.013

47 2.2

8 Cel in 8c (1/4,1/4,1/4)

2 Cel in 2b (1/4,3/4,2);

z=0.8525 (2)
1.00 (-) 1.00 (-)
0.75 (2) 0.72 (1)
4 Pd1 in 4a (0,0,0) 2 Ce2 in 2a (1/4,1/4,2);
z=0.6442 (2)
1.00 (-) 1.00 (-)
0.61 (3) 1.03 (2)
32 Pd2 in 32f (x,x,x); 2 Pd1 in 2b (1/4,3/4,2);
x = 0.38573 (2) z=0.5011 (3)
1.00 (-) 1.00 (-)
0.84 (1) 0.42 (1)
48 Pd3 in 48h (0,y,y); 2 Pd2 in 2a (1/4,1/4,2);
y = 017222 (2) z=0.0023 (3)
1.00 (-) 1.00 (-)
0.96 (1) 0.55 (1)
24 Si1 in 24e (x,0,0); 2 Sil in 2b (1/4,3/4,2);
x = 0.2668 (2) z=0.0698 (4)
1.00 (-) 1.00 (-)
0.47 (4) 0.71 (4)
2 Si2 in 2a (1/4,1/4,2);
z=0.4103 (7)
1.00 (-)
0.71 (4)
2 M1 in 2b (1/4,3/4.2);
z=0.2151 (3)
0.46 (2) Pd+0.54 Si°
0.71 (4)
2 M2 in 2a (1/4,1/4,2);
z=0.2877 (5)

0.54 (2) Pd+0.46 Si°
0.71 (4)

2 In alloy quenched from 1100 °C. Compound does not participate in equilibria at 800 °C.

b pd/Si ratio was fixed after EPMA.

4.1.1. Rietveld refinement of ts—Ce3PdSiz with BasAl,Ge>-type

The ternary compound CesPdSis, detected in an alloy with
nominal composition Ce43Pdq4Sis3, forms incongruently and
consequently the as-cast alloy contains significant amounts of
secondary phases: t,—Ce(Pd,Si;_y)2, CeSi and Ces(Siq_xPdy)s.
Rietveld refinement for CesPdSi; yields isotypism with the
structure type of BasAl,Ge, (Immm, Z=2, a=0.41207(1),
b =0.43026(1), c = 1.84069(4)nm; see Table 4). Palladium and
silicon atoms randomly share only the 4j site in a ratio 0.48(1):
0.52(1). Despite statistical distribution of palladium and silicon
atoms the compound has a limited homogeneity region at 800 °C
that is smaller than 1at%. A refinement for a crystallographic
model with splitting of this site into two 2a sites (0,0,z) in the

lower symmetric space group Imm2 does not support full atom
order of the structure (Rg = 0.05).

4.1.2. The crystal structure of 1g—Ce3Pd,Siy with U3Ni,Siy-type

A single crystal, broken from as-cast alloy with composition
Ce,gPd4,Sizp (nominal composition in at%) revealed orthorhombic
symmetry with space group Immm and lattice parameters:
a=0.41618(1), b = 0.42640(1), c = 2.45744(7)nm. Direct meth-
ods yielded a completely ordered atom arrangement isotypic with
the structure type of UsNisSis, which is characterized by a
stacking of BaAl,- and AlB,-type layers. Results of the refinement
for Ce3Pd,Sis, which converged to Rpr = 0.022 with residual
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Z Ce,Pd, Ce.Pd,

a-CePd, B-CePd,

Fig. 1. Isothermal sections of the ternary system Ce-Pd-Si at 800 °C. Light gray circles indicate the samples in the investigation.
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Fig. 2. Compositional dependences of cell parameters and average volume per atom for Ce(Pd,Si;_x) (a) and t;—CePd;,_,Siz.x (b).

electron densities smaller than +2.1e /A3, are summarized in
Table 3.

4.1.3. Rietveld refinement of t;3—Ce3_xPd>0+xSis

EPMA of ternary alloys containing 7,3 shows a homogeneity
range from 6.9 to 103 at% Ce at a constant Si content of
20.3(5)at%. This observation suggests Pd/Ce substitution in the
crystal structure resulting in the formula Ces_,Pd;g+,Sig (0<x<1).

Rietveld refinements (Table 4) performed for compositions
Ce3Pd,0Sig and Ce,Pd,;Sig confirmed that the cerium position in
4a in CesPd,oSig (Coy0Al3Bg-type structure [9], a = 1.2272(1)nm)
is completely replaced by palladium in Ce,Pd»;Sig (W,Cry;Cs-type
structure, a = 1.2163(1)nm). The alternative crystallographic
model with vacancies in the 4a site was rejected due to a
significant disagreement between compositions obtained from
Rietveld refinement and EPMA.
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Table 5
Interatomic distances (nm) in Ce,Pd4Si (]A] <0.0001 nm).

CA L d CA L d CA L d CA L d
Cel -4Pd2 0.3050 Pd1 -1si1 0.2383 Pd2 -1Sil 0.2445 Pd3 -2Pd4 0.2606
CN16 -4Pd1 0.3070 CN14 -1Pd1 0.2638 CN14 -2Pd3 0.2838 CN12 -1Pd3 0.2666
-4Pd3 0.3167 -2Pd3 0.2748 -2Pd4 0.2874 -2Pd1 0.2748
-4Pd4 0.3170 -1Pd4 0.2880 -1Ce2 0.2905 -1Ce2 0.2784
-2Pd2 0.2930 -2Pd2 0.2914 -2Pd3 0.2800
Ce2 -4Pd3 0.2784 -2Pd1 0.2956 -2Pd1 0.2930 -2Pd2 0.2838
CN16 -4Pd2 0.2905 -1Cel 0.3070 -1Pd3 0.3038 -1Pd2 0.3038
-8Pd1 0.3407 -2Pd2 0.3216 -1Cel 0.3050 -1Cel 0.3167

-2Ce2 0.3407 -2Pd1 0.3216

Sil -4Pd1 0.2383 Pd4 -4Pd3 0.2606
CN8 -4Pd2 0.2445 CN12 -4Pd2 0.2874
-2Pd1 0.2880
-2Cel 0.3170

CA—central atom, L—ligand, d—distance, CN—coordination number.

Cede14Si

SG P4/nmm
a=0.88832(2) nm
¢ = 0.69600(2) nm
- Unit cell

a) Ce1 [Pd4g]
b) Ce2 [Pd16]
c) Pd1 [CezPdgSiy]
d) Pd2 [CesPdySi]
e) Pd3 [CezPdqp]
f) Pd4 [CesPdi]
g) Si1 [Pdg]

Fig. 3. Crystal structure of 7;6—Ce,Pd;4Si and coordination polyhedra of the atoms
in a projection on the xz plane. Atoms are presented as displacement ellipsoids.

Both structure types CesPd;Sig (x = 0) and Ce,Pd;;Sig (x = 1)
belong to a single-phase region Ces;_,Pd;p+Sig at 800°C. Con-
firmation of this follows from the investigation of the alloy
Ce3_4Pdy0+xSig (x =0.5) which reveals a single-phase cubic
structure with a lattice parameter a = 1.2214(1) nm right on the
interpolation line of the two boundary compositions at x = 0.1.
Furthermore, no split of the diffraction lines was observed in
contrast to the existence of individual cubic phases CesPd;(Sig and
Ce,Pd,;Sig separated by a two-phase region.

4.1.4. The crystal structure of T;6—CeyPd 14Si

The X-ray diffraction pattern of a single crystal was indexed
with tetragonal symmetry: space group P4/nmm and lattice
parameters a = 0.88832(2), ¢ = 0.69600(2)nm. Direct methods
yielded a completely ordered atom arrangement with a new
structure-type Ce,Pd4Si. Structure parameters and results of the
refinement for Ce,Pd4Si, which converged to Rp = 0.025 with
residual electron densities smaller than +2.2 e~ /A3, are summar-
ized in Table 3. Interatomic distances in Ce,Pd4Si are listed in
Table 5. The composition derived from the refinement is in perfect
agreement with EPMA.

The structure of Ce;Pd4Si is shown in Fig. 3 in a projection on
the xz plane. The structure can be presented as chains of
Ce2-Si1-Ce2 (0.44551 nm) and Ce1-Pd3-Pd3-Cel (0.31665 and
0.26658 nm) atoms surrounded by infinite nets of Pd atoms
(Fig. 3). Coordination polyhedra of all atoms are shown in Fig. 3.

The coordination polyhedron around Sil is a square antiprism
(CN = 8), coordination polyhedra around Pd1 and Pd2 atoms
include 14 atoms, and coordination figures around Pd3 and Pd4
atoms are distorted Franck-Kasper polyhedra (CN = 12). Cerium
atoms are symmetrically surrounded by 16 Pd atoms forming
slightly distorted Franck-Kasper polyhedra.

There is a short interatomic distance Ce2-Pd3 in the structure
(Table 5). This bond length of 0.27845 nm is much smaller than
the normal distance between cerium and palladium (dceq_pda2
0.30503 nm). We suggest that the valence of Ce2 in Ce,Pd4Si is
higher than 3, whereas the ground state of Cel is expected to be
trivalent.

4.2. Phase relations; isothermal section Ce-Pd-Si at 800 °C

Phase relations in the ternary system at 800 °C are shown in
Fig. 1. Data on composition and lattice parameters for equilibrium
phases that are involved in three-phase equilibria at 800°C are
listed in Table 2. Phase equilibria are characterized by the absence
of cerium solubility in the various palladium silicides. However,
mutual solubilities among cerium silicides and cerium-palladium
compounds are significant. The random substitution of the almost
equal-sized atom species palladium and silicon is reflected in
extended homogeneous regions at constant Ce-content for several
binary and ternary compounds such as for 7,—Ce(Pd,Sii_x)2,
‘CG—CE(PdXSh,X)z and T7—Cepd2,xsiz+x.

The isothermal section at 800°C for the composition range
above 60 at% Ce involves equilibrium with a liquid phase and was
not investigated in detail. A liquid phase region was also found at
800 °C near the Pd-Si binary. Microstructure of alloy CegPdg4Siqo
after anneal at 800 °C (Fig. 4a) clearly shows that the sample was
in liquid-solid state: big grains of 7,6 and CePd; were growing in
equilibrium with a eutectic liquid of composition Ce _,Pd g4Si-14.
The eutectic structure (see inset in Fig. 4a) reveals nicely shaped
crystals of 716 embedded in a eutectic containing PdgSi5.

The compound 74—Ce _gPd.46Si~46 With unknown structure
likely forms from a peritectoid reaction. T4 was not observed in as-
cast samples but was found in equilibrium with 73 and 7; at
800 °C. The microstructure of the as-cast sample Ce;sPds5Sisg in
Fig. 4c shows big primary grains of 7; followed by secondary
crystallization of PdSi and (Si). The eutectic has the composition
Ce ,Pd _54Si_43. After annealing at 800°C, the structure of the
sample drastically changes (Fig. 4d) via partial decomposition of
77 under formation of 74 and 73 in form of a laminar structure.
Similarly, Ce.12Pd_e3Si—2s (X;, unknown structure) and
Ce _5,Pd _61Si—17 (X5, unknown structure) were detected in as-cast
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Fig. 4. Microstructure of selected Ce-Pd-Si alloys: CegPdg4Siqo (a, 800 °C), Ce4PdsgSisg (b, 800 °C), Ce15Pds5Sisg (¢, as-cast; d, 800 °C), Ce13Pdg3 5Siz3 5 (e, as-cast; f, 800 °C).
Xq = Ce~12Pd63Si 25, X; = Ce5oPd 1Si17.

samples (Fig. 4e) but they do not participate in the equilibria at
800 °C. The same situation was met for CePd,_,Si, (x = 0.07) for
which the FeB-type structure was established in the present work
in as-cast alloys. Annealing at 800 °C, however, reveals an X-ray
diffraction pattern that could not be attributed to any binary or

ternary Ce-Pd-Si phase (Table 1). EPMA for this new ternary
compound 745 reveals an approximate formula CePd;_,Si, within
a small homogeneity region 0.06 <x<0.13.

Physical properties of some of the ternary compounds are part
of forthcoming publications.
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