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The crystal structures of the title compounds were reinves-
tigated. The previously reported KHg, (CeCu,) type structure
with statistical distribution of the platinum and germanium
atoms corresponds only to the subcell of the ordered ortho-
rhombic YPdSi type structure (Pmmn, Z=8) of these
compounds, which was refined from single-crystal X-ray
diffractometer data of CePtGe: a=445.0(1)pm, b=
1464.8(3) pm, ¢=1761.8(2) pm; PrPtGe: a =444.01(3) pm,
b=1456.57(9) pm, ¢=761.71(5) pm; and the low-temper-
ature («) modification of SmPtGe: a=440.0(1) pm, b=
1428.1(2) pm, ¢ = 756.6 (1) pm. Nevertheless, some evidence for
disorder was obtained from the refinement of the occupancy
parameters of these compounds. The results suggest the substitu-
tion of germanium by platinum atoms and/or vice versa in the
order of a few at%. The high-temperature (ff) modification of
SmPtGe with TiNiSi type structure was confirmed by a refine-
ment from single crystal diffractometer data. The magnetic
properties of these compounds were investigated with a SQUID
magnetometer. CePtGe, PrPtGe, and NdPtGe follow the
Curie—Weiss law with magnetic moments close to those of the
trivalent rare earth elements. The magnetic properties of - and
p-SmPtGe are dominated by the Van Vleck paramagnetism of
the samarium atoms. Antiferromagnetic ordering was detected
for CePtGe, NdPtGe, and both modifications of SmPtGe with
Neéel temperatures between 4 and 6 K, while PrPtGe remains
paramagnetic down to 2 K. The crystal structures of these com-
pounds are briefly discussed together with those of the LaPtSi
and LalrSi type structures, which occur for LaPtGe and Eu-
PtGe, respectively. © 1999 Academic Press

Key Words: rare earth compounds, germanides, crystal struc-
ture, superstructure, order—disorder, magnetic properties.

INTRODUCTION

The series of equiatomic rare earth platinum germanides
has been investigated for some time. LaPtGe was found to

'To whom correspondence should be addressed. Fax: 4+ 49-251-83-
33136.

be isotypic with LaPtSi (1). In this structure the platinum
and silicon atoms occupy the silicon positions of the well-
known a-ThSi, type structure in an ordered manner (2). The
compounds RPtGe (R = Sc, Y, Sm, Gd—Tm) are isotypic
with TiNiSi, a structure which may be considered as a dis-
torted version of the hexagonal Ni,In type structure (3, 4).
Alternately it may also be regarded as an ordered version of
the binary KHg, (CeCu,) structure type (1, 5). The euro-
pium compound EuPtGe (6, 7) crystallizes with LalrSi type
structure, which has been described as an ordered SrSi,
derivative structure (8). In contrast, a disordered KHg,
(CeCu,) type structure has been assumed for the com-
pounds LnPtGe (Ln = Ce, Nd, Pr, Sm) (1, 9-11). We have
recently reported on several superstructures with KHg,
type subcell (12-16). In the course of our studies of
equiatomic rare earth palladium silicides LnPdSi (14, 16, 17)
we decided to search for the suspected superstructure in the
germanides LnPtGe reported to be isotypic with KHg,
(CeCu,). We find that these compounds crystallize with
a YPdSi type superstructure (14) with KHg, type subcell. In
addition, we confirm the TiNiSi type structure for (f-)
SmPtGe, which is stable at high temperatures, and we
report on the magnetic properties of these compounds.
A preliminary account on the crystal structures of these
germanides has been given at a conference (18).

SAMPLE PREPARATION AND LATTICE CONSTANTS

Starting materials for the preparation of CePtGe,
PrPtGe, NdPtGe, and the two modifications of SmPtGe
were ingots of the rare earth elements (Johnson Matthey;
Kelpin), platinum powder (Degussa, 200 mesh), and germa-
nium lumps (Wacker), all with stated purities greater than
99.9%. In a first step, small pieces of the lanthanoid ingots
were melted to buttons under argon in an arc-melting fur-
nace in order to minimize a shattering of these elements
during the violent reactions. The argon was purified over
titanium sponge (900 K) and molecular sieves. The resulting
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TABLE 1
Lattice Constants of the Orthorhombic Germanides LnPtGe (Ln = Ce—Sm)*

Compound Structure type Space gr. a (pm) b (pm) ¢ (pm) V (nm?3) Reference
CePtGe YPdSi Pmmn 445.0(1) 1464.8(3) 761.8(2) 0.4966(1) This work
CePtGe KHg, (subcell) Imma 445.0(1) 734.7(3) 761.5(3) 0.2490(2) 1
CePtGe KHg, (subcell) Imma 445.15(8) 734.4(2) 761.6(4) 0.2490(1) (10)
CePtGe KHg, (subcell) Imma 444.5(2) 732.9(3) 760.9(3) 0.2479(3) (11
PrPtGe YPdSi Pmmn 444.01(3) 1456.57(9) 761.71(5) 0.49262(5) This work
PrPtGe KHg, (subcell) Imma 443.8(1) 729.2(2) 761.6(2) 0.2465(1) 1
NdPtGe YPdSi Pmmn 442.6(2) 1447.0(5) 759.9(2) 0.4867(2) This work
NdPtGe KHg, (subcell) Imma 442.8(1) 724.5(2) 759.9(2) 0.2438(1) 1
o-SmPtGe KHg, (subcell) Imma 439.7(1) 714.3(1) 757.8(2) 0.2380(1) )
o-SmPtGe YPdSi Pmmn 440.0(1) 1428.1(2) 756.6(1) 0.4754(1) This work
S-SmPtGe TiNiSi Pnma 714.4(2) 439.6(1) 757.5(2) 0.2379(1) 1
B-SmPtGe TiNiSi Pnma 713.5(1) 438.8(1) 760.3(1) 0.2381(1) This work

“Standard deviations in the positions of the least significant digits are given in parentheses throughout the paper for all crystallographic data. The
settings of the three different structures have the following relations: abc (KHg,) ~ bdc (TiNiSi) ~ a2bc (YPdASi).

lanthanoid buttons were then melted together with the
germanium lumps and with the pressed pellets of platinum
powder in the ideal atomic ratio 1:1:1. The buttons were
turned over and remelted at least two times in order to
achieve homogeneity. The total weight losses during the
arc-melting procedures were smaller than 0.5% in all cases.
Subsequently, parts of the melted ingots were sealed in
evacuated silica ampoules and annealed at 1070 K for up to
four weeks. All of these annealed samples were microcrystal-
line.

Well-crystallized samples of CePtGe and PrPtGe were
obtained by annealing parts of the arc-melted buttons in
evacuated, sealed, and water-cooled silica ampoules in
a high-frequency furnace slightly below the (undetermined)
melting points for about two hours. These samples were
subsequently sealed in evacuated silica tubes and annealed

for another three weeks at 1070 K. Crystals of f-SmPtGe
were taken from the arc-melted sample, and those of o-
SmPtGe were obtained after annealing at 1070 K without
heat treatment in the high-frequency furnace.

The powder samples of the investigated germanides are of
light gray color. They are stable in air for long periods of
time. The irregularly shaped single crystals had silvery me-
tallic luster.

Guinier powder patterns of the samples were recorded
after each reaction step with CuKo, radiation using o-
quartz (a = 491.30 pm, ¢ = 540.46 pm) as an internal stan-
dard. The orthorhombic lattice constants (Table 1) were
obtained from least-squares fits of the Guinier data. To
assure correct indexing, the observed patterns were com-
pared with the calculated ones (19), taking the atomic posi-
tions resulting from the structure refinements.

TABLE 2
Magnetic Data for the Germanides LnPtGe (Ln = Ce, Pr, Nd, Sm)*

Hexp Hetr S} Xo TN
Compound Magnetic behavior (ug/Ln*) (ug/Ln*) (K) m?/mol (K)
CePtGe Antiferro/Curie-Weiss 2.60(5) 2.54 —89(4) —0.8(5)-107° 4(1)
PrPtGe Curie—Weiss 3.66(5) 3.58 —94) —1.1(3)-107° —
NdPtGe Antiferro/Curie-Weiss 3.67(5) 3.62 —12(4) —0.08(3)-107° 6(1)
oa-SmPtGe Antiferro/Van Vleck para 1.88(2) 191 — 13.8(3)-10°° 4.5(5)
f-SmPtGe Antiferro/Van Vleck para 1.95(2) 191 — 149(3)-10°° 4.0(5)

“The experimentally determined magnetic moments g, were calculated from the relation per = 2.83 C'/2/(4m- 107 ) pg, where the values of C were
obtained by fits of the data to the modified Curie-Weiss law y = yo, + C/(T — ®). They are compared with the theoretical moments ¢, calculated from
the relation . = g[J(J + 1)]"/? pg. The paramagnetic Curie temperatures (Weiss constants) ® and the Néel temperatures Ty are also listed. The
experimental and the theoretical magnetic moments fey, and pi.ee for the two modifications of the samarium compound are compared for 400 K. The
theoretical moment was calculated with the screening constant ¢ = 34 with the formula by Van Vleck (20). Estimated error limits in the place values of the

last listed digits are given in parentheses for all magnetic data of this paper.



402 PROTS’

MAGNETIC PROPERTIES

The magnetic susceptibilities of coarse powders of all
compounds were determined with a superconducting quan-
tum interference device (SQUID, Quantum Design, Inc.)
between 2 and 400 K with magnetic flux densities up to
5.5 T. Generally between 10 and 30 mg of each compound
were filled into a silica tube (outer diameter 2 mm) and held
in place by a cotton plug. The temperature was lowered in
zero magnetic field and raised in the desired magnetic field.
To check for ferromagnetic impurities the field dependence
of each sample was determined at 2 K, at 50 K, and at room
temperature. Only very minor amounts of such impurities
were detected: in each case the magnetic susceptibilities
recorded at 3 and 5.5T were practically identical. The
magnetic properties of all compounds are summarized in
Table 2.

The three germanides CePtGe, PrPtGe, and NdPtGe
show Curie—Weiss behavior (Fig. 1). The magnetic moments
Uexp determined from the slopes of the 1/y vs T plots agree
well with the theoretical values pu.g, calculated for the free
ions Ln3" (Table 2), indicating that the platinum germa-
nium polyanions do not carry significant magnetic moments.
At low temperatures antiferromagnetic order was indicated
by the minima of the reciprocal susceptibilities for CePtGe
and NdPtGe with Néel temperatures of 4(+1) and 6(+1) K,
respectively. This was confirmed by magnetization measure-
ments recorded at 2 K, which showed a nearly linear in-
crease of the magnetic moments with magnetic flux densities
up to 5.5 T for both compounds. The temperature indepen-
dent parts y, of the magnetic susceptibilities, obtained from
the least-squares fits of the data to the modified Curie—
Weiss law y = yo + C/(T — ©®) are negative. These values
result from the core diamagnetism and probably are affected
by the Pauli paramagnetism, since we suspect these com-
pounds to be metallic conductors. The magnetic properties
of CePtGe have already been investigated by Rogl et al. (10),
who reported a magnetic moment of 2.54 ug, a Weiss con-
stant of — 82K, and a Ne¢el temperature of 3.4 K. Our
results (Table 2) are in excellent agreement with these values.

The magnetic susceptibilities of the two modifications
of SmPtGe did not follow the Curie-Weiss law, as could
be expected for a compound containing the Van Vleck
ion Sm®*. The experimental moments of fi., = 1.88
(£ 0.02) pug/mol and pey, = 1.95 (£ 0.02) pg/mol obtained
for the «- and f-modifications, respectively, from the rela-
tion fleg, = 2.83 (1 T)"?/(4n-107°) pg for T = 400 K com-
pare well with the value of p.; = 1.91 up, calculated with
the Van Vleck formula (20) for a screening constant of
¢ = 34. Similarly, the minima of the magnetic susceptibili-
ties of o =138(+0.3)-10"° and y, = 14.9(+0.3)
10~° m3/mol for the a- and p-modifications of SmPtGe
compare well with the average value of 13.4 x 10~ m?/mol
Sm?3" found for the two modifications of Sm,0O; and the
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FIG. 1. Temperature dependence of the reciprocal susceptibilities of

CePtGe, PrPtGe, and NdPtGe measured with a magnetic flux density of
3 T. The insets show the low temperature behavior recorded with a flux
density of 0.1 T.

oxalate Sm,(C,0,4); - 10H,O (21). Antiferromagnetic order
with Neéel temperatures of 4.5 (£ 0.5) and 4.0 (+ 0.5) K for
a-SmPtGe and f-SmPtGe, respectively, is indicated by the
minima of the reciprocal susceptibility curves (Fig. 2). This
was confirmed by magnetization measurements.

STRUCTURE REFINEMENTS

Irregularly shaped single crystals of CePtGe, PrPtGe,
and a-SmPtGe were isolated from the annealed samples.
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FIG. 2. Magnetic susceptibilities of the two modifications of SmPtGe
determined with a magnetic flux density of 3 T. The insets show the
reciprocal magnetic susceptibilities (m3/mol) measured with lower mag-
netic flux densities.

The crystals of the high-temperature (f) modification of
SmPtGe were obtained from a crushed arc-melted sample.
They were investigated with Buerger precession and Weis-
senberg cameras. The crystals of CePtGe, PrPtGe, and
o-SmPtGe showed primitive orthorhombic cells with
a doubling of the b axes as compared to the KHg, type
subcell, suggesting a YPdSi type structure (14). A cell corres-
ponding to the body-centered cell of KHg, was also ob-
served for the f-modification of SmPtGe. However, instead
of the doubled b axis we found additional reflections violat-
ing the body-centering extinction condition of the KHg,
type structure. This indicates a superstructure of the TiNiSi
type, as has been observed earlier for this composition from
powder data (1).

Single-crystal intensity data were collected at room tem-
perature on a four-circle diffractometer (CAD4) with graph-
ite-monochromatized MoKo radiation and a scintillation
counter with pulse-height discrimination. The scans were in
the /20 mode, and background counts were recorded at
both ends of each scan. Absorption corrections were applied
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on the basis of psi-scan data. Further details of the data
collections are summarized in Table 3.

The atomic parameters of YPdSi (14) and TiNiSi (3),
respectively, were used as starting parameters for the refine-
ments of the structures. These full-matrix least-squares fits
were carried out with the SHELXL-93 program system (23)
using atomic scattering factors and anisotropic displace-
ment parameters for all atoms. The weighting schemes and
the corrections for isotropic secondary extinction were opti-
mized by the program. The data of the «-SmPtGe crystal
were strongly affected by absorption, as was indicated by
the fact that all displacement parameters U;; were smaller
than the corresponding parameters U,, and Us;. Some of
the U;; parameters even tended to become negative. This
was remedied by an additional absorption correction as-
suming spherical crystal shape.

As checks for the correct compositions and the correct
atom assignments we refined the occupancy parameters of
all atoms of the four structures together with the anisotropic
displacement parameters, while the scale factors were fixed
at the previously obtained values. These calculations were
carried out with the least-squares program provided by the
SDP system (24). The resulting occupancy values varied
between 0.973(5) and 1.013(5) for the rare earth positions,
between 0.989(2) and 1.014(2) for the platinum positions,
and between 0.983(4) and 1.078(7) for the germanium posi-
tions. Thus, all occupancy parameters were close to the ideal
values. Much larger deviations from the ideal occupancy
values would be observed for substantial disorder. For
instance, a mixed 50% Pt/50% Ge occupancy of a platinum
or a germanium site should result in occupancy values of
approximately 0.71 and 1.72, respectively, as calculated
from the atomic numbers of these elements. Hence, in the
final least-squares cycles—carried out again with the
SHELXL-93 program system—the ideal occupancy values
were resumed for all positions. Nevertheless, some evidence
for disorder can be deduced from the refined occupancy
values, as will be discussed below.

Although the structure refinements converged to low
residuals for all reflections, we also calculated separate re-
siduals for the superstructure reflections, since the overall
residual is strongly affected by the strong subcell reflections.
The low residuals for the superstructure reflections (Table 3)
indicate that the models used for the refinement of the
superstructures are correct. The final atomic parameters
and interatomic distances are summarized in Tables 4 and 5.
Listings of the anisotropic displacement parameters and the
structure factor tables are available.?

2Details may be obtained from the Fachinformationszentrum Karlsruhe,
D-76344 Eggenstein-Leopoldshafen (Germany), by quoting the Registry
Numbers: CSD-410358 (CePtGe), CSD-410357 (PrPtGe), CSD-410350
(2-SmPtGe), and CSD-410349 (f-SmPtGe).
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TABLE 3

Crystal Data for CePtGe, PrPtGe, and a- and f-SmPtGe
Empirical formula CePtGe PrPtGe o-SmPtGe p-SmPtGe
Structure type YPdSi YPdSi YPdSi TiNiSi
Molar mass 407.8 408.6 418.0 418.0
Space group Pmmn (No. 59) Pmmn (No. 59) Pmmn (No. 59) Pnma (No. 62)
Formula units per cell, Z 8 8 8 4
Lattice constants®

a (pm) 4449(1) 443.99(8) 439.49(5) 713.37(6)

b (pm) 1466.4(2) 1453.6(1) 1427.4(2) 438.57(7)

¢ (pm) 762.0(1) 761.4(1) 755.7(1) 759.5(1)

V (nm?) 0.4971(1) 0.4914(1) 0.4741(1) 0.23762(5)
Calculated density (g/cm?) 1091 11.02 11.68 11.66
Crystal size (um?) 10 x20 x40 10 x 30 x 40 10 x40 x 60 20 x 30 x 60
Transmission ratio (max,/min) 1.61 3.77 2.62 3.21
20 range up to 75° 66° 70° 65°
Range in hkl +7,4£25 -7<1<13 +6,-22<k<17,+11 +7,+£23,+12 +10,—4 <k <0, +11
Total no. of reflections 4824 3688 4470 1541
Independent reflections 1475 1026 1191 422
Internal residual on F? (R;) 0.085 0.086 0.064 0.093
Reflections with I > 2a(I) 710 579 742 352
No. of parameters 40 40 40 20
Overall residual R(F) 0.029 0.028 0.032 0.027
R (subcell reflections)® 0.023 (325) 0.022 (242) 0.025 (291) 0.025 (201)

R (superstructure reflections)” 0.045 (385) 0.039 (337) 0.043 (451) 0.031 (151)
Extreme residual peaks (e/nm?) — 3802/5232 —4908/3833 — 5792/7473 — 3309/4268

“These lattice constants were obtained from the single-crystal diffractometer. The densities and interatomic distances have been calculated with the

lattice constants determined from the Guinier powder data (Table 1).

b These residuals (on F) were calculated with the program RWERT (22) for the numbers of reflections indicated in parentheses.

DISCUSSION

The four compounds CePtGe, PrPtGe, NdPtGe, and o-
SmPtGe have been reported earlier to crystallize with KHg,
(CeCu,) type structure, where the platinum and germanium
atoms randomly occupy the mercury position of KHg,
(1, 9-11). It is now clear that this structure represents only
the subcell. In the YPdSi type superstructure (14), described
here for these compounds, the platinum and germanium
atoms are ordered, and as a result the b axis of the KHg,
structure is doubled. The corresponding superstructure re-
flections were observed already in the quenched, arc-melted
buttons of CePtGe, PrPtGe, and NdPtGe. In the case of the
samarium compound the YPdSi type structure occurs for
the low-temperature (o) form. Hence, annealing at 1070 K
was necessary to obtain this modification. The quenched
buttons of SmPtGe had the TiNiSi type structure, which
also may be considered as a superstructure of the KHg, type
(Fig. 3). In the case of the TiNiSi type structure (space group
Pnma) the superstructure reflections are the reflections of the
type h+ k 4+ 1=2n+ 1, which violate the body-centered
extinctions of the KHg, type structure (space group Immay).

Disorder is frequently reported for intermetallic com-
pounds. In our opinion, at least short-range order can be
expected in all such cases, except perhaps for samples, which

have rapidly been quenched from high temperatures. In this
context one should remember that evidence for long-range
order in the form of superstructure reflections can be ob-
served only if the ordered domains exceed 3000 to 5000 pm
in diameter. This was studied in detail for the order—dis-
order transitions in CuzAu and CuZn a long time ago
(25-28). And in these compounds the ordered arrangement
occurs for elements with similar chemical potentials. Hence,
it is not surprising that long-range order is observed for the
greatly dissimilar platinum and germanium atoms of the
equiatomic compounds LnPtGe already in the quenched
arc-melted samples.

On the other hand, we have found some evidence for
disorder in the YPdSi type germanides LnPtGe during the
least-squares refinements of the occupancy parameters.
These occupancy parameters are listed in the second col-
umn of Table 4. It can be seen that, generally, most occu-
pancy values correspond within three standard deviations
to the ideal values. However, some larger deviations occur
for the germanium positions in these compounds, e.g., the
Gel position of CePtGe with 1.058(5), the Gel and Ge2
positions of PrPtGe with 1.078(7) and 1.038(6), and the Gel
and Ge2 positions of a-SmPtGe with 1.063(8) and 1.046(8),
respectively. The absolute values of the occupancy para-
meters cannot be determined, since they interrelate with the
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TABLE 4 rationalization for these occupancy values would be the
Atomic Parameters for CePtGe, PrPtGe, a-SmPtGe, and formation of vacancies on the lanthanoid sites and the
B-SmPtGe* occupancy of the platinum sites with germanium atoms.

The occupancy value of 0.9587 would correspond to

Atom  Occupancy Site X Y z Ueq a Pt/Ge ratio of 92.7/7.3 at% for the average platinum site.
CePtGe (space group Prmmn) A combination of these two different possibilities is also
Cel 1.0103)  4de 1/4 0.00274(6) 0.7910()  75(3)  reasonable.
Ce2 0977(4)  2b 1/4 3/4 0.70933)  73(3)
Ce3 0981(4) 2a 1/4 1/4 0.70403)  64(3)
Ptl 0.989(2)  4e 1/4 0.14122(4) 0.0801(2)  75(2)
G 1089 4 14 oxosl) oms@ 7o TABLE 5
G22 0.983§ 4; 4§ 1? 4 0‘ 65 588 0-08805 4; 5 1§ 4; Interatomic Distances in CePtGe, PrPtGe, and
' ' ’ the Two Modifications of SmPtGe®
PrPtGe (space group Pmmn) N N
Prl 0.994(4)  4e 1/4 0.00259(6) 0.7928(2)  74(2) . . 9 . . 9
Pr2 0.986(5) 2b 1/4 3/4 0.7094(2) 70(3) Q <} Qé Q Q Qé
Pr3 0973(5)  2a 1/4 1/4 0.70472)  68(3) 5 & 4 5 & 4
Ptl 1.003(2)  de 1/4 0.14150(3) 0.0812(1)  75(2) oA s © A& s
P2 0999(2)  de 1/4 0.59889(4)  04175(2)  96(2)  n1: 1Pl 2994 2987 2962  Ptl: 2Ge2 257.6 257.6 255.7
Gel LO78(7)  de 1/4 0.1004(1) ~ 04122(4)  57(4) 2P2 3082 307.6 304.2 1Gel 259.6 259.1 257.0
Ge2  1.038(6)  de 1/4 0.65556(9)  0.0882(3)  37(4) 2Gel 3104 3101 306.2 1Lnl 2994 2987 296.2
2Pt1 3219 3202 316.1 2Ln2 3172 3157 3124
a-SmPtGe (space group Pmimn) P2 3221 3218 3176 IPtl  318.7 316.1 308.8
Sml  LO13(5)  de 1/4 0.00209(6)  0.7919(1)  99(2) 1Gel 322.5 3230 3203 2Lnl 3219 3202 316.1
Sm2 - 0999(6)  2b 1/4 3/4 0.7089(2)  100(2) 1Ge2 3243 3220 317.7 1Ln3 3278 3275 323.6
Sm3  1.006(6)  2a 1/4 1/4 0.7053(2)  101(2) 2Ge2 3291 3274 3226  Pt2: 2Gel 2578 2571 255.1
Pt 0998(3)  de 1/4 0.14188(4)  0.08109(9) 103(2) 1Ln3 3682 366.6 360.0 1Ge2 2638 264.1 261.0
Pe2 1.004(3)  de 1/4 0.59866(4)  0.4175909) 110(2) 1Ln2 3754 3734 3654 1Gel 2941 2904 285.0
Gel 1.063(8)  de 1/4 0.1009(1) ~ 041192)  115(3) 2Lnl 388.6 3860 384.2 2Lnl 3082 307.6 304.2
Ge2 1.046(8)  de 1/4 0.6549(1)  0.0894(2)  85(3) 2Lnl 4450 4440 4400 1Ln2 312.6 3129 308.7
Ln2: 2Pt2 312.6 3129 308.7 1Lnl 3221 321.8 317.6
p-SmPtGe (space group Pnma) 4Pt1 3172 3157 3122 2Ln3 3260 3262 3221
Sm 1.000(4) ~ dc 0.00347(8)  1/4 0.70416(3)  63(2) 2Ge2 3198 319.6 3183  Gel: 2Pt2 2578 257.1 255.1
Pt 1.004(3)  dc 0.29656(7) 1/4 041521(6)  68(2) 4Gel 3254 3246 319.5 1Pl 259.6 259.1 257.0
Ge 0987(7)  4c 0.1888(2)  1/4 0.0870(2)  68(3) 2Lnl 3754 3734 3654 [Pt2 2941 2904 285.0
] ] T 2Ln3 3855 385.7 3829 2Lnl1 3104 310.1 306.3
“The equivalent isotropic displacement parameters U, (pm?) are defined Ln2 4450 444.0 440.0 1Ln3 3121 3116 307.6
as one-third of the trace of the orthogonalized U;; tensor. The occupancy Ln3: 4Ge2 306.0 305.1 30L6 Lol 3225 3230 3195
parameters listed in the third column were obtained in separate refinement 2Gel 312.1 311.6 307.6 Ln2 3254 324.6 3203
cycles. In the final least-squares cycles the ideal occupancy values were 4Pt2 3260 3262 322.1 Ge2: 2Ptl  257.6 257.6 255.7
assumed. 2Pt1  327.8 327.5 323.6 1Pt2  263.8 264.1 261.0
2Lnl 3682 366.6 360.0 1Ge2 2759 2751 2716
) 2Ln2 385.5 385.7 3829 2Ln3 306.0 305.1 301.6
overall scale factors. However, the relative values show 2Ln3 4450 4440 440.0 1Ln2 3198 319.6 317.7
a tendency that either there are some heavier atoms occupy- 1Lnl 3243 3220 3183
ing the germanium sites or there are some lighter atoms at fSmPIG 2Lnl 3291 3274 3226
- . -SmPtGe
the platinum sites. The overall average occupancy para- Sm: 1Pt 3033 Pt 2Ge 2556 Ge: 2Pt 2556
meters for these three compounclls. are O..9932, 1.0012, gnd 2Ge 3036 1Ge 2611 Pt 2611
1.0443 for the Ln, Pt, and Ge positions. Since the coordina- 2Pt 307.0 1Ge 279.8 1Pt 279.8
tion polyhedra of the platinum and germanium atoms are 1Ge 3153 1Sm  303.3 2Sm  303.6
similar, the most likely disorder is expected to occur for ;Se g}gj ggm g?g-o }gm g};-3
these atoms on their respective sites. The difference in the 5 Gte 322'; 132 I 4'; 2s$ 322';
occupancy values of these two sites is 0.0431. This corres- Pt 3249 ' ’
ponds to an occupancy of the average germanium site by 3.0 2Sm 3635
at% Pt (the remainder being Ge). Alternatively, we can 2Sm  380.2
assume a different overall scale factor, e.g., we divide all 28m  438.8

average occupancy parameters by 1.0443. We then obtain “Standard deviations are all equal or less than 0.4 pm. All distances

the values 0.9511, 0.9587, and 1.000 fOI‘ the occupapcy shorter than 480 pm (Ln-Ln), 400 pm (Ln—Pt, Ln-Ge), and 370 pm (Pt-Pt,
parameters of the Ln, Pt, and Ge positions. A possible PtGe, Ge-Ge) are listed.
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B-SmPtGe (TiNiSi type)

FIG. 3. The structures of the two modifications of SmPtGe as com-
pared to their common subcell structure of KHg,. Trigonal prisms around
the germanium (right-hand side) and the transition metal atoms (left-hand
side) are emphasized. These sites correspond to the (only one) mercury site
of the body-centered KHg, (CeCu,) type structure.

The cell volumes per formula unit V/Z of the presently
reported germanides are plotted in Fig. 4 together with
those of the other germanides LnPtGe (1, 6, 7). For com-
parison we also show the values V/Z of the palladium
silicides LnPdSi, most of which we have investigated
recently (14, 16,17). These plots show the well-known
lanthanoid contraction. The volumes of the europium
compounds (6, 7,29) are larger, indicating that the euro-
pium atoms are divalent. In general, the cell volumes per
formula unit are not strongly dependent on the structure
types. This is especially evident for the compounds with
a-YbAuGe (CaCuGe), YPdSi, and TiNiSi type structure.
These three structures are all superstructures with a KHg,
type subcell (15, 16). A slight discrepancy occurs for the V/Z
values of CePtGe and PrPtGe (YPdSi type) on the one hand
and the corresponding silicides with PrPdSi type structure
on the other hand. In this case the larger V'/Z values of the
silicides may be rationalized by the fact that the two struc-
ture types are quite different. Also, the V'/Z values of the two
lanthanum compounds differ slightly more than would be
expected from the differences in the V/Z values of the
compounds with the heavier lanthanoids. Such slight differ-
ences in the space filling of different structure types have
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already been noticed earlier for the two series LnPtSi and
LnPtGe (1).

In Fig. 3 we compare the YPdSi and TiNiSi type struc-
tures occurring for the LnPtGe compounds of the present
communication. Both of these structure types are found for
SmPtGe and both are superstructures of the KHg, type
structure, which in turn may be considered as a super-
structure of the well-known AIB, type structure. The
group/subgroup relations of these structures have been pre-
sented in recent publications (14—16), together with those of
various other related structures. The structures of silicides
have frequently been classified by the way the trigonal
prisms surrounding the small silicon atoms (augmented by
three or four additional atoms outside the rectangular faces
of the prisms) are linked to each other (e.g. 5, 30). In recent
publications about similar structures of the compositions
LnTM (T = transition metals, M = Si, Ge, Sn, In) we have
emphasized the trigonal prisms containing the transition
metal atoms (13-16, 31, 32). For the equiatomic compounds
of the present publication these two points of view are
completely equivalent, since both, the platinum and germa-
nium atoms correspond to the mercury position of the
KHg, type structure, as is demonstrated in Fig. 3.

The four structure types occurring for the whole series of
rare earth platinum germanides LnPtGe are projected in
Fig. 5, emphasizing the polyanionic networks of the plati-
num and germanium atoms. One difference in these four
structure types concerns the coordination numbers. As
could be expected, the large lanthanum and europium
atoms of LaPtGe and EuPtGe have higher coordination

LalrSi type
LaPtSi type
PrPdSi type
o-YbAuGe type
YPdSi type
TiNiSi type

0.070

0.065 -

m3]

£.0.060

viz

0.055 |-

0.050 |-

Sc La Pr

FIG. 4. Cell volumes per formula unit V/Z of ternary rare earth
palladium silicides and platinum germanides LnPdSi and LnPtGe.



THE GERMANIDES CePtGe, PrPtGe, NdPtGe, and o- and -SmPtGe

TA
' EuPtGe (LalrSitype) =

B-SmPtGe (TINiSi type)

FIG.S5. Crystal structures of LaPtGe (tetragonal, LaPtSi type),
EuPtGe (cubic, LalrSi type), a-SmPtGe (orthorhombic, YPdSi type), and
p-SmPtGe (orthorhombic, TiNiSi type). In the upper parts of each drawing
the rare earth atoms are omitted for clarity. The platinum germanium
polyanions are outlined. The weak interlayer interactions in z-SmPtGe and
f-SmPtGe are drawn with dotted lines.

numbers (CN) than the samarium atoms in the two modifi-
cations of SmPtGe. In LaPtGe with LaPtSi type structure
(2) the lanthanum atoms have CN 20 (6 Ge, 6 Pt, 8 La) and
this is also the case for the europium atoms of EuPtGe with
LalrSi type structure (8), which have 7 Ge, 7 Pt, and 6 Eu
neighbors. In contrast, the samarium atoms in both
modifications of SmPtGe have CN 18 with 6 Ge, 6 Pt, and
6 Sm neighbors. It should be mentioned that some of the
Ln—Ln distances are rather large. However, this is the case
for all these structures. Another difference between the
LaPtSi type structure of LaPtGe and the LalrSi type struc-
ture of EuPtGe on one hand and the YPdSi and TiNiSi type
structures of the other rare earth platinum germanides
LnPtGe on the other hand concerns the coordination num-
bers of the platinum and germanium atoms within the
platinum germanium networks. In all of these four structure
types the platinum and germanium atoms have three close
neighbors of the other kind. However, while there are no
further Pt—Ge interactions in the structures of LaPtGe and
EuPtGe, additional weak interactions between these atoms
occur in the structures of the other LnPtGe compounds. For
the latter we may take the structures of - and f-SmPtGe as
examples. In these, the three strong Pt—Ge interactions of
each platinum and germanium atom (drawn with solid lines
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in Fig. 5) have bond lengths which vary between 255.1 and
261.1 pm. In addition, there are weak Pt—Pt (308.8 pm),
Pt-Ge (285.0 pm), and Ge-Ge (271.6 pm) bonds in the
structure of «-SmPtGe and weak Pt—Ge bonds (279.8 pm) in
the structure of f-SmPtGe. These weak bonds are shown
with dashed lines in Fig. 5. Without these weak bonds the
platinum germanium networks in the YPdSi and TiNiSi
type structures of «- and f-SmPtGe would consist of two-
dimensionally infinite networks, while these networks are
three-dimensionally infinite already without any additional
Pt—Ge interactions in LaPtGe and EuPtGe. The bonding
character of the weak Pt-Pt, Pt-Ge, and Ge-Ge interac-
tions in a- and f-SmPtGe (dashed lines in Fig. 5) may be
demonstrated indirectly by a comparison of the bond
lengths of the strong Pt—Ge interactions of the four struc-
ture types. The structure of LaPtGe (1) has not been refined
and therefore the precise Pt-Ge bond lengths are not
known. However, the structure of EuPtGe has been refined
recently (7). In this compound each platinum and each
germanium atom has three neighbors of the other kind, all
with the same Pt—Ge distance of 238.0(1) pm. This contrasts
with the Pt—Ge distances of between 255.1 and 261.1 pm
found in the present investigation for the three closest
Pt-Ge interactions of the platinum and germanium atoms
in - and -SmPtGe. Hence, the weak additional Pt-Pt,
Pt—Ge, and Ge—Ge interactions in both modifications of
SmPtGe considerably reduce the bond strengths of the
strong Pt—Ge interactions.

Almost always the high-temperature modification of
a solid state compound has higher symmetry than the low-
temperature modification, regardless whether the phase
transition is of a displacive or a diffusion-controlled type.
This has recently been pointed out for the two modifications
of GdPdSi and TbPdSi (16) and is also the case for «- and
p-SmPtGe. Both modifications of SmPtGe crystallize with
a primitive lattice with the Laue symmetry mmm. The
general positions of the space groups (Pmmn and Pnma) are
eightfold in both cases. However, the unit cell of the low-
temperature modification contains a larger number of
atomic positions (Z = 8) than that of the high-temperature
form (Z = 4). Hence, a larger number of positional para-
meters need to be determined for «-SmPtGe than for f-
SmPtGe (Table 4).
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