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Antimony, Homogeneity Ranges, Mössbauer Spectroscopy

The ternary antimonides YbTSb (T = Ni, Pd, Pt, Cu, Ag, Au) were synthesized by reaction of
the elements in sealed tantalum tubes in a high-frequency furnace. The structures of YbCuSb
(NdPtSb type), YbAgSb (TiNiSi type), and YbAuSb (NdPtSb type) were confirmed on the
basis of X-ray powder diffraction data. Those of the nickel, palladium, and platinum based
antimonides (cubic MgAgAs type) were refined from single crystal X-ray data. The nickel
based antimonide has a pronounced homogeneity range YbNixSb. The structures of five crystals
have been investigated. The cubic lattice parameter increases with increasing nickel content
from 613.13(6) pm (x = 0.17) to 621.25(5) pm (x = 0.63). Full occupancy of the palladium and
antimony sites was observed for YbPdSb while the platinum compound shows some platinum
vacancies leading to the composition YbPt0"969(7)Sb for the investigated crystal. A new, high-
temperature modification of YbPdSb was obtained by rapidly quenching an arc-melted sample:
TiNiSi type, Pnma, a = 725.6(2), b = 458.3(1), c = 785.4(2) pm, wR2 = 0.1255, 421 F

2 values,
20 variables. The antimonides YbTSb (T = Ni, Pd, Pt, Cu, Ag, Au) show single 121Sb Mössbauer
signals at isomer shifts ranging from –7.34 to –7.82 mm/s. The crystal chemistry and chemical
bonding of these antimonides is discussed.

Introduction

The ternary equiatomic antimonides YbTSb (T =
Ni, Pd, Pt, Cu, Ag, Au) have intensively been inves-
tigated in recent years with respect to their outstand-
ing physical properties [1 - 24]. These antimonides
crystallize with three different structure types. Yb-
CuSb [6, 17, 19] and YbAuSb [6, 8, 17, 19] adopt
the NdPtSb type [25], a slightly puckered variant
of the AlB2 structure [26] with an ordering of the
transition metal and antimony atoms. In a recent X-
ray powder diffraction study the ZrBeSi type was
assigned to YbCuSb [19]. Here, the puckering of
the [CuSb] network was not observed. The silver
based antimonide crystallizes with the TiNiSi struc-
ture [27] which is an orthorhombically distorted su-
perstructure of AlB2 [26]. Based on the magnetic
susceptibility and X-ray absorption spectroscopic
measurements, a divalent ground state was found
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for the ytterbium atoms in these antimonides. In
view of the absence of Sb-Sb bonding, the elec-
tron count may to a first approximation be written
as Yb2+Cu+Sb3�. YbCuSb, YbAgSb, and YbAuSb

are metallic conductors [8, 17].
So far, the antimonides YbNiSb, YbPdSb, and

YbPtSb [1 - 5, 7, 9 - 18, 19 - 24] were structurally
characterized only on the basis of X-ray powder
data. They adopt the cubic MgAgAs type structure
[28], which may be considered as a filled version of
YbSb [29] with NaCl structure. YbNiSb is a pos-
sible low-carrier heavy fermion compound. Mag-
netic ordering was detected below 0.85 K by 170Yb

Mössbauer spectroscopy. The spectra in the param-
agnetic state show that the ytterbium site symmetry
might deviate from Oh. Ytterbium / antimony dis-
order was discussed as a possible reason [15]. Fur-
thermore, Skolozdra et al. reported on YbNi0!9Sb

with a small nickel deficit which has a drastic ef-
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Table 1. Lattice parameters, structure types, and space groups for the antimonides YbSb and YbTSb (T = Ni, Cu, Pd,
Ag, Pt, Au).

Compd. Type SG a (pm) b (pm) c (pm) V (nm3) Ref.

YbSb NaCl Fm3m 608.2 a a 0.2250 29
YbNi0"17(2)Sb BiF3 Fm3m 613.13(6) a a 0.2305 this work
YbNi0"25(13)Sb BiF3 Fm3m 613.67(7) a a 0.2311 this work
YbNi0"39(3)Sb BiF3 Fm3m 617.85(6) a a 0.2359 this work
YbNi0"55(4)Sb BiF3 Fm3m 619.51(6) a a 0.2378 this work
YbNi0"63(2)Sb BiF3 Fm3m 621.25(5) a a 0.2398 this work
YbNiSb MgAgAs F4̄3m 623.8 a a 0.2427 20
YbNiSb MgAgAs F4̄3m 624.23(1) a a 0.2432 15
YbCuSb NdPtSb P63mc 445.23(8) a 796.7(1) 0.1368 this work
YbCuSb Ni2In P63/mmc 445.6(1) a 800.6(2) 0.1377 19
YbCuSb NdPtSb P63mc 445.2(1) a 799.5(1) 0.1372 6
YbCuSb NdPtSb P63mc 444.8 a 791.6 0.1356 17
LT-YbPdSb MgAgAs F4̄3m 645.58(5) a a 0.2691 this work
HT-YbPdSb TiNiSi Pnma 725.6(2) 458.3(1) 785.4(2) 0.2611 this work
YbPdSb MgAgAs F4̄3m 647.1 a a 0.2710 2
YbPdSb MgAgAs F4̄3m 646.5(2) a a 0.2702 5
YbPdSb MgAgAs F4̄3m 646.2 a a 0.2698 3
YbPdSb MgAgAs F4̄3m 645.3(1) a a 0.2687 16
YbAgSb TiNiSi Pnma 767.6(2) 462.5(1) 831.1(2) 0.2951 this work
YbAgSb TiNiSi Pnma 770.1 469.6 818.5 0.2960 17
YbAgSb TiNiSi Pnma 766.8(2) 459.6(1) 835.3(2) 0.2944 6
YbAgSb TiNiSi Pnma 766.8(3) 459.2(1) 837.8(4) 0.2950 19
YbPtSb MgAgAs F4̄3m 646.24(6) a a 0.2699 this work
YbPtSb MgAgAs F4̄3m 647.3 a a 0.2712 17
YbAuSb NdPtSb P63mc 462.8(5) a 775.4(5) 0.1438 this work
YbAuSb NdPtSb P63mc 461.9 a 776.8 0.1435 17
YbAuSb NdPtSb P63mc 463.9(1) a 772.2(3) 0.1439 19
YbAuSb NdPtSb P63mc 463.5(1) a 776.5(1) 0.1445 6

fect on the physical properties [20]. YbPdSb also
has a 4f13 ground state. Magnetic ordering of the
Yb3+ magnetic moments is evident below 1 K from
170Yb Mössbauer spectroscopy. According to the
high ! value (electronic specific heat coefficient)
the palladium antimonide can also be classified as
a heavy fermion material. Metallic YbPtSb shows
Curie-Weiss behavior down to very low tempera-
tures [7, 17]. So far, no magnetic ordering was de-
tected. Since the ytterbium atoms are trivalent in
YbTSb (T = Ni, Pd, Pt) and there exists no Sb-
Sb bonding, the electron count may be written as
Yb3+Ni"Sb3� etc.

In the present work we have investigated the
structures of the cubic antimonides on the basis of
single crystal X-ray data. Especially for the nickel
compound we could show that a significant homo-
geneity range YbNi1�x Sb exists, strongly support-
ing the observations of Skolozdra et al. [20]. Fur-
thermore, we investigated all YbTSb antimonides

by 121Sb Mössbauer spectroscopy, and we found
a new orthorhombic high-temperature modification
of YbPdSb.

Experimental Section

Synthesis

Starting materials for the preparation of the anti-
monides YbTSb (T = Ni, Pd, Pt, Cu, Ag, Au) were sub-
limed ingots of ytterbium (Johnson Matthey), silver and
gold wire (Degussa-Hüls, ø 1 mm), nickel wire (Johnson
Matthey, ø 0.38 mm), copper wire (Johnson Matthey, ø
1 mm), palladium and platinum powder (Degussa-Hüls,

200 mesh), and antimony lumps (Johnson Matthey), all
with stated purities better than 99.9%. The samples of
YbTSb (T = Ni, Pd, Pt, Cu, Ag, Au) were prepared in
sealed tantalum tubes. Pieces of ytterbium, the transition
metal powder or wire and the antimony lumps were mixed
in the ideal 1:1:1 atomic ratio and sealed in small tantalum
tubes (tube volume about 1 cm3) under an argon atmo-
sphere of about 800 mbar [30]. The argon was purified
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Table 2. Crystal data and structure refinement for YbNi0"17(2)Sb, YbNi0"25(13)Sb, YbNi0"39(3)Sb, and YbNi0"55(4)Sb (space
group Fm3m, Z = 4).

Empirical formula YbNi0"17(2)Sb YbNi0"25(13)Sb YbNi0"39(3)Sb YbNi0"55(4)Sb
Molar mass 304.92 g/mol 309.47 g/mol 317.69 g/mol 327.08 g/mol
Unit cell dimensions a = 613.13(6) pm a = 613.67(7) pm a = 617.85(6) pm a = 619.51(6) pm

V = 0.2305 nm3
V = 0.2311 nm3

V = 0.2359 nm3
V = 0.2378 nm3

Calculated density 8.79 g/cm3 8.89 g/cm3 8.95 g/cm3 9.14 g/cm3

Crystal size 30 " 30 " 60 'm3 20 " 30 " 40 'm3 20" 20 " 60 'm3 60" 60 " 60 'm3

Transm. ratio (max/min) 2.47 1.91 1.65 1.90
Absorption coefficient 52.9 mm�1 53.4 mm�1 53.4 mm�1 54.2 mm�1

F(000) 503 512 528 546
& Range 5# to 45# 5# to 30# 5# to 40# 5# to 35#

Range in hkl #12,#12, +12 #8,#8, #8 #11,#11, +9 #9,#9, #9
Total no. reflections 1018 594 748 1036
Independent reflections 74 (Rint = 0.1410) 33 (Rint = 0.2509) 58 (Rint = 0.0733) 44 (Rint = 0.0467)
Reflections with I > 2((I) 52 (Rsigma = 0.0391) 28 (Rsigma = 0.0893) 45 (Rsigma = 0.0225) 43 (Rsigma = 0.0121)
Data / parameters 74 / 6 33 / 6 58 / 6 44 / 6
Goodness-of-fit on F

2 1.000 1.182 1.107 1.269
Final R indices [I > 2((I)] R1 = 0.0214 R1 = 0.0303 R1 = 0.0188 R1 = 0.0149

wR2 = 0.0318 wR2 = 0.0680 wR2 = 0.0398 wR2 = 0.0415
R Indices (all data) R1 = 0.0465 R1 = 0.0367 R1 = 0.0288 R1 = 0.0157

wR2 = 0.0353 wR2 = 0.0732 wR2 = 0.0422 wR2 = 0.0425
Extinction coefficient 0.0008(2) 0.001(1) 0.0034(5) 0.018(2)
Largest diff. peak and hole 2.85 and –1.57 e/Å3 2.40 and –1.64 e/Å3 1.21 and –1.64 e/Å3 1.22 and –1.03 e/Å3

Table 3. Crystal data and structure refinement for YbNi0"63(2)Sb, LT-YbPdSb, HT-YbPdSb, and YbPt0"969(7)Sb.

Empirical formula YbNi0"63(2)Sb LT-YbPdSb HT-YbPdSb YbPt0"969(7)Sb
Molar mass 331.78 g/mol 401.19 g/mol 401.19 g/mol 489.88 g/mol
Unit cell dimensions a = 621.25(5) pm a = 645.58(5) pm a = 725.6(2) pm a = 646.24(6) pm

b = a b = a b = 458.3(1) pm b = a

c = a c = a c = 785.4(2) pm c = a

V = 0.2398 nm3
V = 0.2691 nm3

V = 0.2612 nm3
V = 0.2699 nm3

Space group Fm3m (No. 225) F4̄3m (No. 216) Pnma (No. 62) F4̄3m (No. 216)
Formula unit per cell Z = 4 Z = 4 Z = 4 Z = 4
Calculated density 9.19 g/cm3 9.90 g/cm3 10.20 g/cm3 12.06 g/cm3

Crystal size 15" 20 " 30 'm3 45 " 60 " 80 'm3 5" 40 " 55 'm3 20" 35 " 40 'm3

Transm. ratio (max/min) 1.19 2.32 2.02 1.65
Absorption coefficient 54.4 mm�1 50.7 mm�1 52.2 mm�1 95.6 mm�1

F(000) 555 668 668 796
& Range 5# to 40# 5# to 35# 3# to 30# 5# to 45#

Range in hkl #11,#11, +7 #10,#10, #10 #10, +6, #11 #12,#12, +12
Total no. reflections 650 791 1567 1268
Independent reflections 58 (Rint = 0.1178) 70 (Rint = 0.0583) 421 (Rint = 0.1112) 144 (Rint = 0.1163)
Reflections with I > 2((I) 43 (Rsigma = 0.0411) 70 (Rsigma = 0.0223) 266 (Rsigma = 0.0750) 138 (Rsigma = 0.0473)
Data/parameters 58 / 6 70 / 5 421 / 20 144 / 7
Goodness-of-fit on F

2 1.118 1.248 1.100 1.137
Final R indices [I > 2((I)] R1 = 0.0235 R1 = 0.0205 R1 = 0.0565 R1 = 0.0305

wR2 = 0.0271 wR2 = 0.0476 wR2 = 0.1060 wR2 = 0.0632
R Indices (all data) R1 = 0.0573 R1 = 0.0205 R1 = 0.1068 R1 = 0.0333

wR2 = 0.0323 wR2 = 0.0476 wR2 = 0.1255 wR2 = 0.0648
Flack parameter – –0.03(2) – –0.01(6)
Extinction coefficient 0.0018(3) 0.003(2) 0.0021(5) 0.0074(7)
Largest diff. peak and hole 2.08 and –3.20 e/Å3 1.81 and –2.30 e/Å3 4.93 and –3.41 e/Å3 2.58 and –2.51 e/Å3
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over titanium sponge (900 K), silica gel, and molecular
sieves.

The tantalum tubes were placed in a water-cooled
quartz glass sample chamber in a high-frequency fur-
nace (KONTRON Roto-Melt, 1.2 kW) under flowing
argon [31]. They were first heated for 1 min with the
maximum power output (about 1500 K), cooled to about
1100 K and heated again to the maximum. Subsequently
the tubes were annealed at about 900 K for another 4 h.
After the annealing procedures the samples could easily
be separated from the tantalum tubes. No reactions of the
samples with the tubes could be detected. Compact pieces
are light gray with metallic luster. The samples are stable
in moist air.

Some samples of YbPdSb quenched from high tem-
peratures showed additional reflections which could be
indexed on the basis of a primitive orthorhombic cell.
This was indicative for a phase transition. We have
subsequently cold-pressed parts of the cubic YbPdSb

samples into small pellets (ø 6 mm, 1 mm height)
which were arc-melted under an argon atmosphere of
600 mbar. Due to the small sample size it was possible
to rapidly quench the high temperature phase. Neverthe-
less, we could not quench the samples rapidly enough
to obtain single phase materials of the high temperature
phase.

X-ray investigations

All samples were characterized through powder
diffractograms (Stoe StadiP) or Guinier patterns using
Cu-K!1

radiation and silicon (a = 543.07 pm) or$-quartz
(a = 491.30, c = 540.46 pm) as external or internal stan-
dard, respectively. The lattice parameters (Table 1) were
obtained from least-squares fits of the powder data. The
correct indexing of the patterns was facilitated by inten-
sity calculations [32] taking the atomic positions from
the structure refinements. For comparison, the lattice pa-
rameters given in the previous literature are also listed
in that Table. Due to the large homogeneity range, for
the YbNixSb crystals we used the single crystal lattice
parameters.

Silvery, irregularly shaped single crystals of YbPdSb,

YbPtSb and the various YbNixSb samples were isolated
from the annealed samples by mechanical fragmentation.
They were examined on a Buerger precession camera
equipped with an image plate system (Fujifilm BAS-
2500) in order to establish suitability for intensity data
collection.

Single crystal intensity data of most compounds were
collected at room temperature by use of a four-circle
diffractometer (CAD4) with graphite monochromatized
Mo-K! radiation (71.073 pm) and a scintillation counter

Table 4. Occupancy of the transition metal (T) positions
and isotropic displacement parameters for the cubic anti-
monides YbTSb. The structures of the nickel compounds
have been refined in space group Fm3m (Yb: 4a, Ni: 8c,
Sb: 4b) with a statistical nickel occupancy, while YbPdSb
and YbPt0"969(7)Sb show ordered structures (space group
F4̄3m, Yb: 4a, T: 4c, Sb: 4b). For details see text.

Compound T Occupancy/% Ueq(Yb)Ueq(T) Ueq(Sb)

YbNi0"17(2)Sb 17(2) 137(4) 86(36) 103(4)
YbNi0"25(13)Sb 25(13) 134(11) 260(247) 85(8)
YbNi0"39(3)Sb 39(3) 176(4) 135(25) 149(4)
YbNi0"55(4)Sb 55(4) 202(5) 173(29) 183(5)
YbNi0"63(2)Sb 63(2) 147(5) 95(15) 153(6)
YbPdSb 100 75(4) 95(4) 61(4)
YbPt0"969(7)Sb 96.9(7) 65(5) 65(3) 55(6)

with pulse height discrimination. The scans were per-
formed in the )/2& mode. Empirical absorption correc-
tions were applied on the basis of # -scan data. The data
set of cubic YbPdSb was collected on a Stoe IPDS-II im-
age plate diffractometer at a detector distance of 60 mm,

an exposure time of 10 min, and an omega range from
0 to 180# (") = 1#). The integration parameters were
A = 14.9, B = 6.7, and EMS = 0.029. The crystal of
YbNi0"25Sb was measured on a Stoe IPDS-I diffractome-
ter (50 mm detector distance, phi range 0 - 180#; "*
1.4#, 6 min, profile/pixel 9/25; ems 0.016). A numerical
absorption correction was applied to the data. All relevant
crystallographic data and experimental details for the data
collections are listed in Tables 2 and 3.

Structure refinements

Analyses of the systematic extinctions led to space
groups F4̄3m for YbTSb (T = Pd, Pt) and Pnma for
the high temperature modification (HT) of YbPdSb. The
nickel based antimonides showed all statistical occu-
pancy. Therefore these structures have been refined in
space group Fm3m. All atoms of the cubic structures lie
on special positions. The starting atomic parameters for
HT-YbPdSb were deduced from an automatic interpreta-
tion of direct methods with SHELXS-97 [33]. The struc-
tures were refined using SHELXL-97 (full-matrix least-
squares on Fo

2) [34] with anisotropic atomic displacement
parameters for all atoms. The nickel occupancy param-
eters of YbNixSb and the platinum occupancy parame-
ter of YbPt0"969(7)Sb have been refined as a least squares
variable. All other sites are fully occupied within two
standard deviations. No Pd-Sb mixing is evident from the
X-ray data of HT-YbPdSb. The refined occupancy param-
eters are 99.6(19)% for Pd and 99.7(16)% for Sb. Ideal
occupancies have been assumed in the final cycles. Final
difference Fourier syntheses revealed no significant resid-
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Table 5. Atomic coordinates and anisotropic displacement parameters (pm2) for the orthorhombic high temperature
modification of YbPdSb, space group Pnma. Ueq is defined as one third of the trace of the orthogonalized Uij tensor.
U23 = U12 = 0.

Atom Wyckoff position x y z U11 U22 U33 U13 Ueq

Yb 4c 0.9969(3) 1/4 0.7067(2) 100(6) 144(7) 137(7) –17(7) 127(4)
Pd 4c 0.1859(4) 1/4 0.0785(4) 185(15) 118(16) 142(15) –1(11) 148(7)
Sb 4c 0.2922(3) 1/4 0.4059(3) 160(12) 123(14) 84(11) 1(9) 122(6)

Table 6. Interatomic distances (pm), calculated with the
lattice parameters taken from X-ray powder data of LT-
YbPdSn and HT-YbPdSb. All distances within the first
coordination spheres are listed. Standard deviations are
equal or less than 0.4 pm.

LT-YbPdSb (MgAgAs type):

Yb: 4 Pd 279.5 Pd: 4 Sb 279.5 Sb: 4 Pd 279.5
6 Sb 322.8 4 Yb 279.5 6 Yb 322.8
12 Yb 456.5

HT-YbPdSb (TiNiSi type):

Yb: 2 Pd 314.0 Pd: 2 Sb 266.7 Sb: 2 Pd 266.7
2 Sb 316.9 1 Sb 268.5 1 Pd 268.5
1 Pd 318.0 1 Sb 285.9 1 Pd 285.9
1 Sb 319.0 2 Yb 314.0 2 Yb 316.9
1 Pd 322.6 1 Yb 318.0 1 Yb 319.0
2 Sb 323.1 1 Yb 322.6 2 Yb 323.1
1 Sb 338.5 2 Yb 340.0 1 Yb 338.5
2 Pd 340.0
2 Yb 369.1
2 Yb 397.4

ual peaks (see Tables 2 and 3). The positional parameters
and interatomic distances of the refinements are listed
in Tables 4 - 6. Listings of the observed and calculated
structure factors are available" .

121
Sb Mössbauer spectroscopy

A Ba121m SnO3 source was used for the Mössbauer

spectroscopic experiments. The measurements were car-

ried out in a helium bath cryostat at 78 K. The tempera-

ture was controlled by a resistance thermometer (#0.5 K

accuracy). The Mössbauer source was kept at room tem-

perature. The samples were enclosed in small PVC con-

tainers at a thickness corresponding to about 10 mg

Sb/cm2.

"Details may be obtained from: Fachinformationszentrum
Karlsruhe, D-76344 Eggenstein-Leopoldshafen (Germany), by
quoting the Registry No’s. CSD-391177 (YbNi0"17Sb), CSD-
391187 (YbNi0"25Sb), CSD-391186 (YbNi0"39Sb), CSD-391185
(YbNi0"55Sb), CSD-391184 (YbNi0"63Sb), CSD-391183 (cubic-
YbPdSb), CSD-391182 (orthorhombic YbPdSb), and CSD-
391181 (YbPtSb).

Fig. 1. The crystal structure of LT-YbPdSb. Ytterbium,
palladium, and antimony atoms are drawn as gray, filled,
and open circles, respectively. The three-dimensional
[PdSb] network is emphasized.

Discussion

Crystal chemistry

The equiatomic antimonides YbTSb (T = Ni, Pd,

Pt, Cu, Ag, Au) have been known for a long time.
First reports on YbNiSb and YbPtSb were given
by Dwight [1] almost thirty years ago. In recent
years the structures of the copper, silver, and gold
compound have been investigated on the basis of X-
ray single crystal data and Rietveld refinements [6,

17, 19]. Our X-ray powder data are in good agree-
ment with these findings. In contrast, no precise
structural data are known for YbTSb (T = Ni, Pd,

Pt). All reports are based on X-ray powder data.
170Yb Mössbauer spectra of YbNiSb and YbPdSb

[10, 14 - 16] showed a significantly different behav-
ior. Above 1.4 K YbPdSb shows one-line spectra
[10, 14, 16] while the YbNiSb samples show a size-
able distribution of crystal field distortions which
lead to a distribution of crystal electric field ener-
gies [15]. The authors discussed these results in the
context of possible atomic disorder and / or struc-
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Fig. 2. Experimental and simulated X-ray powder pattern
of LT-YbPdSb (Cu-K!1

radiation).

Fig. 3. Variation of the cubic lattice parameter within the
solid solution YbNixSb.

tural phase transitions. In view of these results it
was desirable to refine the YbTSb (T = Ni, Pd, Pt)
structures from X-ray single crystal data in order to
get more reliable structural information.

Refinement of the cubic YbPdSb structure
(MgAgAs type, space group F4̄3m, Fig. 1) showed
no anomalies. The X-ray powder pattern (Fig. 2)
showed perfect line shapes and the refined occu-
pancy parameters indicated the ideal composition.
The structure can be described in two ways. Ytter-
bium and antimony atoms build a NaCl type sub-
structure in which the palladium atoms fill one half
of the tetrahedral voids in an ordered manner. A

binary antimonide YbSb with rocksalt structure is
known indeed [29]. Alternatively, the palladium and
antimony atoms build a blende type [PdSb] sub-
structure in which the ytterbium atoms are located.
The binary representatives for this structure type are
BiF3 [35] and Li3Bi [36].

The results were different for the nickel contain-
ing systems. In contrast to the palladium based crys-

Fig. 4. Profile of a 220 reflection of a typical YbNiSb
sample.

tals we found a partial occupancy of the nickel sites.
Due to this statistic, these structures have been re-
fined in the higher symmetric space group Fm3m.
The nickel atoms partially fill the tetrahedral voids
of the YbSb substructure. As outlined in Fig. 3,

the a lattice parameter increases with increasing
nickel content. The structures of five YbNixSb crys-
tals with different nickel contents have been refined.
In contrast to the ideal line shape for the YbPdSb

pattern, we observe a significant tailing of the reflec-
tions for the various YbNiSb samples. Exemplarily
we present the shape of the 220 reflection in Fig. 4.
We interpret this result in the following way: The
YbNiSb samples contain about 90% of the more or
less stoichiometric 1:1:1 compound and about 10%
of a distribution of different YbNixSb stochiome-
try (x < 1). The main part of the reflections always
occurs at the same 2" positions. The tailing of the
reflections corresponds to parts of the samples with
smaller lattice parameters, i. e. lower nickel con-
tents. The varying nickel content has a large influ-
ence on the electronic state of the ytterbium atoms
and thus on the Mössbauer behavior. The 170Yb

Mössbauer spectra presented in [15] are certainly a

superposition of a main line corresponding to sto-
ichiometric YbNiSb and a distribution of signals
originating from YbNixSb. At this point we should
clearly state that there seems to be no deviation from
cubic symmetry.

The situation seems to be even more complex
for YbPdBi. A very large variation of the cubic
lattice parameters has been reported [24]: 654.7 -
661.25 pm. This behavior is either indicative for
Pd-Bi mixing or a homogeneity range YbPdxBi,
similar to YbNixSb.

Detailed electronic structure calculations on sto-
ichiometric YbNiSb have recently been carried out
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Fig. 5. X-ray powder pattern (Cu-K!1
radi-

ation) of a mixture of LT- and HT-YbPdSb.
The hkl indices and line positions of both
phases are given with the cubic ones marked
by asterisks. Small impurity lines occur
around 38# and 44#.

Fig. 6. Crystal structure of HT-YbPdSb (TiNiSi type).
Ytterbium, palladium, and antimony atoms are drawn as
gray, filled, and open circles, respectively. The three-di-
mensional [PdSb] network is emphasized.

by Kanatzidis and coworkers [21, 22]. We refer to
this work for further information.

Quenching of the palladium based samples from
high temperature (HT) resulted in a two-phase sam-
ple. Besides cubic LT-YbPdSb we observed HT-
YbPdSb with the orthorhombic TiNiSi type struc-
ture. This was already evident from the X-ray pow-
der pattern (Fig. 5). Both structures (Figures 1 and 6)
have been refined on the basis of single crystal X-ray
data.

Interestingly the high-temperature phase has a

smaller volume (65.3 Å3 per formula unit) than the
low-temperature form (67.3 Å3). This behavior has
also been observed for the dimorphic compounds
GdNiSb (LT-MgAgAs and HT-AlB2 type structure)
[20] and YbAuBi (LT-MgAgAs and HT-LiGaGe
type structure) [6]. All the HT-phases crystallize
with structures of the well known AlB2 family [26].
It is important to note that the phase transitions

Fig. 7. Experimental and simulated 121Sb Mössbauer
spectra of YbTSb (T = Cu, Ag, Au) at 78 K.

for all three compounds are reconstructive, leading
to significantly different coordinations in the high-
temperature modifications. Here we discuss the dif-
ferences in the structures of LT- and HT-YbPdSb.
Both modifications are built up from three-dimen-
sional [PdSb] networks with regular PdSb4"4 tetra-
hedra in LT-YbPdSb and strongly distorted tetrahe-
dral in HT-YbPdSb (see Figures 1 and 6). The most
significant difference occurs for the average Pd-Sb

distances of 280 and 272 pm in LT- and HT-YbPdSb,

respectively. In HT-YbPdSb the Pd-Sb distances are
only slightly larger than the sum of the covalent radii
of 269 pm [37]. We can thus assume stronger Pd-Sb

bonding in the high-temperature modification.
The second difference concerns the coordina-

tion of the ytterbium atoms. In LT-YbPdSb each
ytterbium atom has four palladium neighbors in
tetrahedral and six antimony atoms in octahedral
coordination. The shortest Yb-Yb contacts are at
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Fig. 8. Experimental and simulated 121Sb Mössbauer
spectra of YbTSb (T = Ni, Pd, Pt) at 78 K.

457 pm and should not be considered as bond-
ing. The twelve nearest ytterbium neighbors form
a cuboctahedron around each ytterbium atoms (fcc

arrangement). The high temperature modification
has a higher coordination number of the ytterbium
atom: 6 Pd (ø 325 pm) + 6 Sb (323 pm) + 4 Yb (369
and 397 pm). Here, the Yb-Yb distances are sig-
nificantly shorter than in the LT-modification. They
compare well with the Yb-Yb distance of 389 pm in
fcc ytterbium [38]. From the comparison of the in-
teratomic distances we can conclude stronger Pd-Sb

bonding in HT-YbPdSb but stronger Yb-Pd bond-
ing in LT-YbPdSb. For a more detailed discussion
of the crystal chemistry and chemical bonding of
MgAgAs and TiNiSi type intermetallics we refer to
two recent reviews [24, 26, and ref. therein].

The change in crystal structure is accompanied
by a change of the ytterbium valence. According to
the magnetic susceptibility data [3, 18], LT-YbPdSb

is Curie-Weiss paramagnetic, although the cell vol-
ume slightly deviates from the lanthanoid contrac-
tion [39]. This is consistent with essentially triva-
lent ytterbium. In the high-temperature phase the
ytterbium atoms have the higher coordination num-
ber indicating a larger space requirement. Since our
quenching experiments always resulted in mixtures
of LT-YbPdSb and HT-YbPdSb it was not reason-
able to carry out magnetic susceptibility measure-
ments. Nevertheless, from the structural change we
assume that ytterbium is essentially divalent in the

Table 7. Fitting parameters of 121Sb Mössbauer mea-
surements on the antimonides YbTSb (T = Ni, Cu, Pd,
Ag, Pt, Au). %: isomer shift, � : linewidth, "EQ: electric
quadrupole interaction.

Compound % / mm!s�1
� / mm!s�1

"EQ / mm!s�1

YbNiSb –7.42(5) 2.8(2) 0.5(1)
YbCuSb –7.44(4) 2.8(1) 0.4(1)
YbPdSb –7.34(5) 2.9(3) 0.4(2)
YbAgSb –7.76(7) 3.0(2) 0.5(1)
YbPtSb –7.36(7) 2.7(3) 0.5(2)
YbAuSb –7.82(5) 2.7(2) 0.2(1)

HT modification. This is also the case in HT-
YbPdSn [40] which is isotypic with the antimonide.
In contrast, in cubic YbAuBi the Yb atoms are di-
valent [41]. The magnetic properties of the high-
temperature phase are not known. These findings
manifest that the magnetic ground state of ytter-
bium in the YbTX compounds strongly depends on
the strength of the f-d and f-p hybridizations.

121
Sb Mössbauer spectroscopy

The 121Sb Mössbauer spectra of YbTSb (T = Ni,
Pd, Pt, Cu, Ag, Au) are presented in Figures 7 and 8.
The fitting parameters are listed in Table 7. All spec-
tra show single signals as expected from the single
crystallographic antimony sites. The isomer shifts
range from –7.34(5) to –7.82(5) mm/s with experi-
mental line widths between 2.7(2) and 3.0(2) mm/s.
Although the nickel based samples showed at least
10% of a distribution of YbNixSb besides YbNiSb,

there is no indication for this behavior from the
121Sb spectra. The natural line width is too large to
observe small differences in the spectra.
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G. Kotzyba, R. Müllmann, B. D. Mosel, C. Rosen-
hahn, Z. Kristallogr. 214, 143 (1999).

[32] K. Yvon, W. Jeitschko, E. Parthé, J. Appl. Crystal-
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