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a b s t r a c t

Half-Heusler phases XYZ (Pearson symbol cF12) are chemically versatile and rich in physical properties.

The half-Heusler phase in the Fe–Zn–Sb ternary system was reported in the year 2000. In this work, two

new ternary phases are identified in the vicinity of the equiatomic composition FeZnSb in the same

system: Fe1�xZnSb (tetragonal, space group P4/nmm, Pearson symbol tP6�d, Z¼2: a¼4.1113(6) Å,

c¼6.0127(12) Å for x¼0.08 (1), and a¼4.1274(6) Å, c¼6.0068(12) Å for x¼0.12 (2)); and

Fe7.87Zn6.72Sb8 (Fe0.98Zn0.84Sb) (3) (cubic, space group Fm-3m, Pearson symbol cF96�d, Z¼4,

a¼11.690(13) Å). 1 and 2 crystallize in the PbFCl-type structure, and 3 adopts a unique 2�2�2

supercell of a normal half-Heusler structure. The structures of both the tetragonal and cubic phases can

be described as assemblies of half-Heusler structure related subunits. Electrical resistivity measure-

ment on the pure sample of 2 shows it has metallic-like behavior, and its thermal and magnetic

properties are also characterized.

& 2011 Elsevier Inc. All rights reserved.
1. Introduction

Half-Heusler phases have the general form XYZ and crystallize
in the C1b structure, which consists of four interpenetrating face-
centered cubic sublattices occupied by the three atoms X, Y and Z

and a vacant site. Half-Heusler phases are known to combine with
a wide variety of different elements. Typically, X and Y are the
alkali metal, transition metal or rare-earth metal, and Z is the
main group element. Different combinations result in half-
Heusler phases exhibiting a great variety of electronic states
and physical properties. Most studies of the half-Heusler phases
seem to simply postulate an equiatomic composition. However,
experiments indicated that the phases with compositions in the
vicinity of the ideal equiatomic composition can be prepared, and
the deviations from the equiatomic composition made a signifi-
cant difference to their physical properties, such as the electrical
transport properties of TiCoSb [1] and the magnetic properties of
the half-metallic ferromagnet NiMnSb [2]. Offernes and Kjekshus
et al. systematically investigated the homogeneity regions
of a series of half-Heusler phases [3–6]. Their results indicated
that the phases calculated to be stable semiconductor (such as
NiTiSn, PtTiSn and TiCoSb with valence–electron concentration
ll rights reserved.
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(VEC)¼18) all take the euqiatomic composition, while the other
phases show deviation from the euqiatomic composition [6].

Besides the influence of VEC on the composition deviation of a
phase, structural perturbation can modify the electronic band
structure acting as a substitute for a change in VEC [6], such as
CaF2-type structure in the disordered PtMnSn [7] and the
2�2�2 supercell of a normal half-Heusler structure in
CoMnSb [8]. We are interested in exploring the variations of
structure and property with composition in half-Heusler phases.
Ru–Zn–Sb system was investigated in our previous studies [9].
The equiatomic phase RuZnSb has VEC of 15, which is in the VEC
gap in the structure map of half-Heusler phases [9]. Investigations
showed that only the phase with a 2�2�2 supercell of a normal
half-Heusler structure existed in the solid solution range
Ru9�xZn7þxSb8 (0rxr1) and no normal half-Heusler phase
was observed. Both CoMnSb and Ru9�xZn7þxSb8 (0rxr1) adopt
a 2�2�2 supercell of a normal half-Heusler structure, but the
ratios of the number of two different transition metals X and Y in
respective ordered phases are different, namely Co8Mn8Sb8 and
Ru9Zn7Sb8 [8,9]. In this work, as a result of our ongoing investiga-
tions on half-Heusler phases, we report the structural variation in
the vicinity of the equiatomic composition in the Fe–Zn–Sb
ternary system. Two new non-stoichiometric phases are identi-
fied, one is Fe1�xZnSb [x¼0.08 (1) and 0.12 (2)] with a PbFCl-type
structure and the other is Fe7.87Zn6.72Sb8 (Fe0.98Zn0.84Sb) (3) with
a 2�2�2 supercell of a normal half-Heusler structure. Physical
properties for the pure sample of 2 are also characterized.

www.elsevier.com/locate/jssc
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2. Experimental section

2.1. Synthesis

All samples were prepared on about 300 mg scale via high-
temperature reaction of iron (99.9%), zinc (99.99%) and antimony
(99.8%) in evacuated fused-silica tubes. As shown in Table 1, five
reactions with three different atomic ratios of Fe:Zn:Sb were
carried out, 1:1:1, 0.95:0.99:1 and 0.91:0.97:1. The loaded non-
stoichiometric compositions in the reactions II–V were decided
according to the elemental analyses and single-crystal X-ray
diffraction (XRD) refinements. In reactions I, II and III, the
samples were heated to 1273 K at a rate of 60 K/h, maintained
at 1273 K for 3 h, then cooled to 873 K at a rate of 50 K/h, and
maintained at 873 K for four days. The loss of Zn and Sb due to
condensation outside the reaction zone was reduced by placing
the reactants at the least hot site of the ampoules, and the furnace
was placed on small slope to make sure the elements contact
thoroughly. Thereafter the ampoules were taken out from the
furnace and cooled to room temperature in air. The products from
the reaction III were then used as precursors without any
treatment in the reactions IV and V. They were annealed again
at 873 K for four days in the reaction IV and at 570 K for two
weeks in the reaction V.

Powder XRD patterns were recorded with an X’pert MPD
diffractometer (Philips) operating in Bragg–Brentano geometry
with Cu Ka radiation. The purities were checked by comparing the
experimental patterns and the theoretical patterns calculated
from the single-crystal refinement results. Chemical compositions
of selected crystals were examined in a scanning electron micro-
scope (CS 4DV, CamScan) providing an energy dispersive X-ray
spectrometer (EDS, Si(Li)-detector, Noran Instruments).
2.2. Crystal structure determination

Crystals of 1, 2 and 3 were selected from the reactions III, IV and
V, respectively, and used for single-crystal XRD analyses. The
diffraction intensities were recorded with an imaging plate dif-
fractometer (IPDS, Stoe & Cie) operating with Mo Ka radiation
(l¼0.71069 Å) at 293(2) K. Numerical absorption corrections
based on the sizes and shapes of the crystals were applied to the
data sets with the programs of X-SHAPE [10] and X-RED [11]. All
structures were successfully solved by applying a direct method
and subsequently refined on F2 with a full-matrix least-square
algorithm with the aid of the program of SHELXTL, version 6.1 [12].
Table 1
Reaction compositions, products in the Fe–Zn–Sb System.

Sample Loaded

Fe:Zn:Sb

Conditions

(T1/T2)a

Products and estimated

yieldsb

Single-

crystal

diffraction

I 1:1:1 1273/873 95% tetragonal phaseþ5%

b-Zn4Sb3

II 0.95:0.99:1 1273/873 95% tetragonal phaseþ5%

b-Zn4Sb3

III 0.91:0.97:1 1273/873 90% tetragonal phaseþ10%

b-Zn4Sb3

1

IV III@873 498% tetragonal phase 2
V III@570 90% superstructure

phaseþ10% Zn1þdSb1�d

3

a Loaded elements were melt at temperature T1 at first, and then annealed at

temperature T2.
b Percentages were estimated according to observed peak intensities in

powder patterns.
2.2.1. Fe0.92ZnSb (1) and Fe0.88ZnSb (2)

The extinction conditions led to the space groups of P4/n (No.
85) and P4/nmm (No. 129). Refinements with both space groups
resulted in qualitatively identical structure models, therefore the
higher symmetry space group P4/nmm (No. 129) was chosen for
the detailed structure analysis. At this stage the refinements for
both structures converged smoothly at R(F) values smaller than
5% and gave a composition of FeZnSb, and the structures were
subsequently refined with anisotropic displacement parameters.
Site occupancies were checked for deviations from unity by
freeing the site occupancy factor (SOF) of an individual atom
while the remaining SOFs were kept fixed. Iron positions in both
structures were found with less than full occupancy (92% in 1 and
88% in 2), while zinc and antimony with full occupancy. The
crystal structure of FeZnSb was similar to MnZnSb [13] and was
isotypic with PbFCl. As like in the refinement of MnZnSb, X-ray
diffraction analysis did not allow to unambiguously determine
whether iron and zinc atoms occupy only their respective sites or
have a tendency for disorder. Neutron diffraction method indi-
cated no mixed distribution of manganese and zinc [14], but
magnetization measurements strongly suggested structural dis-
order of manganese and zinc [13,14]. In this work, based only on
single-crystal XRD data, both structures were refined without
mixed distribution of iron and zinc.
2.2.2. Fe7.87Zn6.72Sb8 (3)

The structure was solved in the space group of Fm-3m (No.
225) and identical with Ru9Zn7Sb8 [9]. At this stage the refine-
ment converged smoothly at R(F) value smaller than 5% and gave
a composition of Fe9Zn7Sb8, and the structure was subsequently
refined with anisotropic displacement parameters. Site occupan-
cies were checked for deviations from unity by freeing the site
occupancy factor (SOF) of an individual atom while the remaining
SOFs were kept fixed. All positions are fully occupied except one
of two zinc positions and one of two iron positions were found
with less than full occupancy (72% for Zn1 and 86% for Fe2),
resulting in the refined composition Fe7.87Zn6.72Sb8. As like in 1
and 2, the structure was refined without mixed distribution of
iron and zinc.

Additional details concerning data collection and crystallo-
graphic data, atomic coordinates, and interatomic distances are
summarized in Tables 2–4. Further details of the crystal structure
Table 2
Crystallographic and technical data of the single-crystal structure refinements of

the compounds in the Fe–Zn–Sb system.

1 2 3

Formula Fe0.92ZnSb Fe0.88ZnSb Fe7.87Zn6.72Sb8

Space group (No.), Z P4/nmm (129), 2 P4/nmm (129), 2 Fm-3m (225), 4

Pearson symbol tP6�d tP6�d cF96�d
a (Å) 4.1113(6) 4.1274(6) 11.690(13)

c (Å) 6.0127(12) 6.0068(12)

V (Å3) 101.63(3) 102.33(3) 1597.5(3)

Dc (g cm�3) 7.94 7.89 7.68

m (mm�1) 31.43 31.21 29.93

ymax (deg) 32.9 32.8 32.65

refl. coll. R(int) 1038/0.0528 998/0.1149 4331/0.1452

data/parameter 135/11 129/11 187/16

R1/wR2 [Io42s(Io)]a,b 0.0336/0.0337 0.0315/0.0315 0.0811/0.0850

[all data] 0.0942/0.0942 0.0864/0.0864 0.1499/0.1513

Goodness of fit (F2) 1.296 1.308 1.320

Drmin/Drmax/e (Å�3) �1.872/1.342 �1.358/2.335 �3.129/5.546

a R¼
P

99Fo9–9Fc99/
P

9Fo9,
b wR¼{

P
[w(Fo

2
�Fc

2)2]/
P

[w(Fo
2)2]}1/2.
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investigations can be obtained from the Fachinformationszen-
trum Karlsruhe, D-76344 Eggenstein–Leopoldshafen, Germany
(fax: (þ49) 7247 808 666; or e-mail: crysdata@fiz.karlsruhe.de)
on quoting the depository numbers CSD-422233 for Fe0.92ZnSb,
CSD-422232 for Fe0.88ZnSb and CSD-422234 for Fe7.87Zn6.72Sb8.
2.3. Physical property measurements

The thermal stability of the pure sample of 2 was studied in
the temperature range from 570 to 1240 K using a differential
scanning calorimeter (DSC, setsys 16/18, Setaram). The sample
(E33 mg) was pressed into pellets, and then sealed in an
evacuated silica ampoule which were repeatedly heated and
cooled down at a rate of 0.17 K/s in order to produce an
approximate thermal balanceable process.

A direct current four-probe resistivity measurement was
performed on a cold-pressed bar of 2 [(0.2�0.2�1.5) cm3].
Four silver wires were attached to the sample with silver epoxy,
and then solidified in air. Data were recorded at 2.7 K intervals
on cooling and heating in the temperature range from 30 to
300 K.

Magnetic susceptibility measurements were carried out with
the aid of SQUID magnetometer (MPMS, Quantum Design). Poly-
crystalline sample of 2 was loaded into gelatin capsules. Tem-
perature dependence data were collected for both zero field
Table 3

Atomic coordinates and equivalent displacement parameters (Å2) for the com-

pounds in the Fe–Zn–Sb system.

Atom Wyckoff x y z Ueq
a Occupancy

1
Sb 2c 1/4 1/4 0.7188(1) 0.0210(5) 1

Zn 2c 1/4 1/4 0.2651(4) 0.0297(5) 1

Fe 2a 1/4 3/4 0 0.0239(8) 0.918(14)

2
Sb 2c 1/4 1/4 0.7226(1) 0.0112(4) 1

Zn 2c 1/4 1/4 0.2681(3) 0.0182(4) 1

Fe 2a 1/4 3/4 0 0.0130(6) 0.880(11)

3
Sb1 8c 1/4 1/4 1/4 0.0057(7) 1

Sb2 24e 0.2707(2) 0 0 0.0097(7) 1

Zn1 4a 0 0 0 0.017(4) 0.72(6)

Zn2 24d 0 1/4 1/4 0.0138(8) 1

Fe1 4b 1/2 1/2 1/2 0.0121(19) 1

Fe2 32 f 0.1196(2) 0.1196(2) 0.1196(2) 0.0072(12) 0.86(3)

a Ueq is defined as one-third of the trace of the orthogonalized Uij tensor.

Table 4

Interatomic distances (Å) in the structure of the compounds in the Fe–Zn–Sb system.

1
Sb–Fe�4 2.6618(6) Zn–Fe�4

Zn 2.728(2) Sb

Zn�4 2.9087(4) Sb�4

2
Sb–Fe�4 2.6524(5) Zn–Fe�4

Zn 2.730(2) Sb

Zn�4 2.9190(4) Sb�4

3
Sb1–Fe2�4 2.640(4) Fe1�Sb2�6

Zn2�6 2.9225(3) Fe2–Zn1

Sb2–Fe2�4 2.6511(16) Zn2�3

Fe1 2.681(2) Sb1

Zn2�4 2.9325(4) Sb2�3

Zn1 3.164(2) Fe2�3
cooled (ZFC) and field cooled mode (FC) between 5 and 350 K,
with the applied fields of 50, 500 and 5000 Oe. The raw data were
corrected for the diamagnetic contributions from both sample
holder and core.
3. Results and discussions

3.1. Reaction chemistry

In the vicinity of the equiatomic composition, only the phase
Ru9�xZn7þxSb8 with a 2�2�2 supercell of a normal half-Heusler
structure was found in the solid solution range 0rxr1 we
investigated in the Ru–Zn–Sb system [9], but three different
phases in the Fe–Zn–Sb system. The isothermal sections of the
Fe–Zn–Sb ternary diagram at 570 K [15], 723 K [16], and 873 K
[17] have been successfully studied, in which only the crystal
structures of two ternary phases were reported, FeZnSb2 with
NiAs-type structure and equiatomic FeZnSb with a normal half-
Heusler structure. Here in our work, two new ternary phases are
identified in the vicinity of the equiatomic composition: tetra-
gonal Fe1�xZnSb [x¼0.08 (1) and 0.12 (2)] and cubic
Fe7.87Zn6.72Sb8 (Fe0.98Zn0.84Sb) (3).

Compound 1 was obtained directly by melting elements at
1273 K and then annealing at 873 K for four days. Its powder XRD
pattern (Fig. 1a) shows that the sample contains �10% Zn4Sb3 as
impurity. Pure sample was obtained by annealing the impure
sample again at 873 K for four more days (Fig. 1b). Refinement on
singe-crystal XRD data of the crystal selected from the pure
sample also resulted in the same PbFCl-type structure but slightly
different composition Fe0.88ZnSb (2) [Fe1�xZnSb with x¼0.12].
Comparing their powder XRD patterns and compositions, we can
see that the presence of impurity Zn4Sb3 in reaction III was
caused by incomplete reaction, and long annealing time was
necessary for preparing pure tetragonal phase. As indicated by
the first two strongest peaks at 43.41 and 43.91 in powder XRD
patterns, all the ternary FeZnSb phases prepared by Zhu et al. [16]
were tetragonal phases identical with 1 and 2, but no crystal
structure was determined. According to their results of elemental
analyses, the solid solution range of the tetragonal phase can be
estimated as Fe1�xZn1�ySb with 0rx, yr0.2 at least.

Only impure sample for 3 can be obtained in our experiments
(Fig. 1c). It was obtained by annealing impure sample from
reaction III at 570 K for two weeks. Compound 3 is Fe richer than
1, but it was invalid to improve the purity of compound 3 by the
addition of elemental Fe into the reaction V. Annealing the pure
sample from reaction IV did not lead to 3. Therefore, the change of
2.6012(13) Fe–Zn�4 2.6012(13)

2.728(2) Sb�4 2.6618(6)

2.9087(4) Fe�4 2.9071(4)

2.6176(10) Fe–Zn�4 2.6176(10)

2.730(2) Sb�4 2.6524(5)

2.9190(4) Fe�4 2.9185(4)

2.681(2) Zn1–Fe2�8 2.422(4)

2.422(4) Sb2�6 3.164(2)

2.5693(15) Zn2 � Fe2�4 2.5693(15)

2.640(4) Sb1�2 2.9225(3)

2.6511(16) Sb2�4 2.9325(4)

2.797(5)



Fig. 1. Experimental (black) and calculated (red) patterns for (a) reaction III,
(b) reaction IV and (c) reaction V. The middle red bars are calculated Bragg

positions, and the bottoms are the intensity difference between experimental and

calculated patterns. (For interpretation of the references to color in this figure

legend, the reader is referred to the web version of this article.)

Fig. 2. Projections of the structures of the tetragonal phases (1 and 2) along the

(a) b and (b) c axes. The dashed lines indicate the subunit relating to a half-

Heusler-type structure (also see Fig. 3d). (c) The structure of 3 exhibiting a

2�2�2 supercell of a normal half-Heusler structure. The dashed lines are drawn

to indicate the relative positions of iron atoms. (d) The structure of 3 can also be

presented as an alternation of full-Heusler-type (solid cubes) and NaCl-type

structural units. The boundaries of the elementary cell at (�1/4, �1/4, 1/4) are

shifted relative to the origin. The solid bold lines are the unit cells.

D.-B. Xiong, Y. Zhao / Journal of Solid State Chemistry 184 (2011) 1159–11641162
crystal structure from tetragonal phase to cubic phase was caused
by composition variation, but not a phase transition.

3.2. Crystal structures

Compounds 1 and 2 crystallize in a PbFCl-type structure with
similar structural features as previously reported for MnZnSb
[13]. The crystal structure contains planar square iron nets
(Wyckoff site 2a) with significant indications for vacancies (8%
in 1 and 12% in 2). Such vacancies are known to exist up to 11% in
MnZnSb. Each square iron net is sandwiched by two slightly
fluctuant square nets of zinc and antimony positions (2c) (Fig. 2a
and b). Zinc is in square pyramidal coordination with respect to
the antimony atoms while iron atom is approximately tetrahed-
rally coordinated by antimony (Table 4). The c/a ratios of 1 of
1.462 and 2 of 1.455 at room temperature are much smaller than
that of isotypic Fe-based superconductor LiFeAs (c/a¼1.683) [18]
and NaFeAs (c/a¼1.782) [19] because the corrugated LiAs nets in
LiFeAs and NaAs nets in NaFeAs. Because the compressed atomic
arrangement along the c axis in 1 and 2, the interatomic distances
between iron atoms are expanded in the ab plane, and
d(Fe�Fe)¼2.9071(4) Å in 1 and 2.9185(4) Å in 2 are significantly
longer than d(Fe�Fe)¼2.66963(2) Å in LiFeAs and
d(Fe�Fe)¼2.7927(7) Å in NaFeAs. Selected interatomic distances
are given in the Table 4.

Compound 3 crystallizes in the structure identical with
Ru9Zn7Sb8 [9], a 2�2�2 supercell of normal half-Heusler struc-
ture, but with significant indications for vacancies in one of two
zinc sites and one of two iron sites (Table 3). For convenience,
hereafter in the part of structure description the vacancies will
not be shown in all chemical formulas. As like Ru9Zn7Sb8, the
displacements of Sb2 and Fe2 from their ideal position in normal
half-Heusler structure cause the distortions in 3. The supercell
corresponds to a coherently ordered inversion twin of half-
Heusler-type subunits Fe4.5Zn3.5Sb4 (Fig. 2c). The subunits deri-
vate from a normal half-Heusler phase XYZ by partially replacing
Y by X, namely X4(Y(6/2þ4/8)X4//8)Z(1þ12/4) (Fig. 3c). The structure
of 3 can also be presented as an alternation of full-Heusler
Fe2ZnSb and (FeZn3)Sb4 with a NaCl-type atomic arrangement
structural units (Fig. 2d).

Generally, antimony will occupy the Z sites in a half-Heusler
structure because it is the main group element (Fig. 3a). However,
the structure of the half-Heusler phase in the Fe–Zn–Sb system
was reported as that the Z sites were occupied by transition metals
(Fig. 3b) [15]. As mentioned above, the structure of 3 corres-
ponds to a coherently ordered inversion twin of half-Heusler-type



Fig. 3. (a) An ideal half-Heusler phase XYZ assuming antimony occupying the

Z sites; (b) reported half-Heusler phase with transition metal occupying the

Z sites; (c) half-Heusler-type subunit Fe4.5Zn3.5Sb4 [X4(Y(6/2þ4/8)X4//8)Z(1þ12/4)] in

3; and (d) half-Heusler structure related subunit with Fe4 square in 1 and 2.

Fig. 4. Electrical resistivity as a function of temperature for 2.

Fig. 5. DSC curves for 2.
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subunits but with the modified composition Fe4.5Zn3.5Sb4 (Fig. 3c).
The structures of 1 and 2 can also be decomposed into the subunits
relating to half-Heusler structure, which can be obtained by
compressing the Fe4 tetrahedron in a half-Heusler structure into
a Fe4 square in 1 and 2 (Fig. 3d). Therefore, structural relationship
can be established between the structures of all three ternary
phases in the vicinity of the equiatomic composition FeZnSb and
the ideal half-Heusler structure. Their differences in details may be
attributed to the requirement of VEC. The equiatomic phase FeZnSb
has the VEC of 15 (8Feþ2Znþ5Sb), and it is in the gap of the VEC
map of half-Heusler phases [9]. Composition variation (such as
vacancy and substitution) is the most direct way to meet the VEC
requirement for a half-Heusler structure. At the same time,
structural perturbation can also modify the electronic band struc-
ture acting as a substitute for a change in VEC [6]. The interplay
between the composition variation and structural perturbation
results in several different modified half-Heusler subunit in the
Fe–Zn–Sb system.

3.3. Physical properties

Fig. 4 shows the electrical resistivity of compound 2 increases
slowly with temperature increasing, indicating a metallic-like
behavior. A dip at �50 K in Fig. 4 was observed, which can be
repeated in our four times measurements, and may be correlated
to the change in temperature dependence of the magnetic
susceptibility also observed in this range. The absolute value of
electrical resistivity at room temperature is about 145 mO m. This
magnitude is much larger than that would be expected for a
metal, which may be attributed to low density of the cold-pressed
specimens. As comparison, MnZnSb is semiconductor-like com-
pound and has an activation energy of �0.01 eV [13].

According to thermal analyses (Fig. 5) and powder XRD,
compound 2 melts congruently at 1032(3) K, and partially re-
crystallizes upon cooling at about 20 K below the melting point.
In all cases we found that part of the original 2, if molten,
decomposes into Zn4Sb3 and Fe3Sb2 (PDF card No.: 4-834), which
can be confirmed by the peaks in the DSC curves [20] and also the
powder XRD patterns of the samples both after the DSC analyses
and quenched from 1200 K. The decomposition may be attributed
to the reaction between the liquid and silica tube.

Fig. 6 shows the temperature dependence of the ZFC and FC
molar magnetic susceptibility wm(T) of 2. The compound shows a
ferromagnetic ordering transition at �275 K. Above 275 K, com-
pound 2 exhibits paramagnetic behavior and wm(T) nicely follows
the Curie–Weiss(CW) law w(T)¼C/(T–yp) [21], where C¼NA(meff)

2/
3kB¼(meff)

2/8 is the Curie constant and yp is the Weiss tempera-
ture. Linear least-squares fit to this equation of the data above
280 K resulted in a Weiss temperature of ypE42(10) K suggesting
ferromagnetic interactions between the iron atoms, and an
effective moment of 1.95 mB/Fe atom for ideal composition
FeZnSb or 2.22 mB/Fe atom assuming 0.88 Fe atoms per formula
unit as suggested by the structure refinement of 2. This value is
comparable to that of the body-centered cubic elemental iron
(2.22 mB/Fe atom) [21].

As in the case of ZnMnSb, all available magnetic properties in
references were measured under high applied field above 16 KOe,
and found to be simply ferromagnetic with a relatively high Curie
temperature just above 300 K [13,22,23]. We have measured the



Fig. 6. Temperature-dependent magnetic susceptibility for 2 at H¼50, 500 and

5000 Oe with zero-field-cooled (J) and field-cooled (K) measurements. Insets

show the temperature dependent inverse susceptibility above 280 K.
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magnetic properties of ZnMnSb under the magnetic field as low as
50 Oe, and the results were the same with that obtained under
high magnetic field in references. In contrast to ZnMnSb, the
magnetic properties of 2 at low temperature are complex, and
there are other two magnetic anomalies expect for the ferromag-
netic transition at �275 K. The first one is indicated by faster
increasing magnetic susceptibility w with decreasing temperature
below �70 K, which is possibly due to ferromagnetic cluster
caused by structural defects. The second one is the disagreement
of FC and ZFC below �30 K under the applied field of 50 and
500 Oe, and it is a typical feature of spin-glass. FeWN2 contains
hexagonal iron nets and shows spin-glass or antiferromagenetic
behavior at �45 K [24]. The exact origins of these two anomalies
at low temperature in 2 are not sure at present. Sample depen-
dence of magnetic property will be useful to answer the question
how the defects in crystal structure influence the magnetic
property.
4. Conclusions

In summary, two new ternary phases are identified in the
vicinity of the equiatomic composition FeZnSb: tetragonal
Fe1�xZnSb (x¼0.08 and 0.12) and cubic Fe7.87Zn6.72Sb8. The
former crystallizes in a PbFCl-type structure, and the latter adopts
a unique 2�2�2 supercell of a normal half-Heusler structure.
Both structures can be decomposed into half-Heusler structure
related subunits. The FeZnSb reported by Chumak et al. [15]
crystallized in a normal half-Heusler-type structure, in which the
Z sites are occupied by iron but not the main group element
antimony. These modified half-Heusler subunits are the result of
the interaction between structural perturbation and valence
electron concentration.
Supporting information available

X-ray crystallographic data (CIF).
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