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Phase relations have been established by electron probe microanalysis (EPMA) and X-ray powder

diffraction (XPD) for the Sr-poor part of the ternary systems Sr–Zn–Si at 800 1C and Sr–Zn–Ge at 700 1C.

In the Sr–Zn–Si system one new ternary compound SrZn2þxSi2�x (0rxr0.45) with CeAl2Ga2 structure

and a statistical mixture of Zn/Si in the 4e site was found. Neither a type-I nor a type-IX clathrate phase

was encountered. This system is characterized by formation of two further phases, i.e. SrZn1�xSi1þx

with ZrBeSi-type (0.16rxr0.22) and SrZn1�xSi1þx with AlB2-type (0.35rxr0.65) with a random

distribution of Zn/Si atoms in the 2c site. For the Sr–Zn–Ge system, the homogeneity regions of the

isotypic phases SrZn1�xGe1þx with ZrBeSi-type (0rxr0.17) and AlB2-type (0.32rxr0.56), respec-

tively, have been determined. Whereas the germanide SrZn2þxGe2�x (CeAl2Ga2-type) is characterized

by a homogeneity region (0rxr0.5), the clathrate type-I phase Sr8Zn8Ge38 shows a point composition.

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

Semiconducting clathrates, in general, are promising candi-
dates for new thermoelectric materials. Hitherto many systematic
studies of phase relations, crystal structures and physical proper-
ties of ternary phases in the systems Ba–M–{Si,Ge} with M¼Mn,
Fe, Co, Ni, Cu, Zn, Pd, Ag, Cd, Pt, Au were carried out and showed
the presence of thermoelectric clathrate-I phases essentially as
solid solutions Ba8MxGe46�x�y&y of M-atoms in binary Ba8

Ge43�x&x [1–19]. Although transition metals are involved, the
endpoint of the solid solutions coincides in most cases with the
so-called Zintl limit near a metal to insulator transition
[1–7,9,10]. However, the formation of clathrates in the homo-
logous systems with strontium has hitherto been elucidated only
in a few cases. Whereas a clathrate type I phase, Sr8Zn8Ge38, was
defined by neutron powder diffraction [20], no clathrate was
encountered in the systems Sr–{Ni,Cu}–Si [21]. The results for
Ba8MxGe46�x�y&y and Ba8MxSi46�x have demonstrated [1–19],
that physical properties can be shifted from metallic-like to
semiconducting behavior via the amount of substituted M-atoms.
As detailed knowledge on the ternary phase diagrams including
formation of ternary phases and their corresponding chemical
compositions is required in order to define properly the presence
ll rights reserved.
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and solubility range of clathrates, the authors will provide results of
the investigations on the ternary systems Sr–Zn–Ge and Sr–Zn–Si
in the compositional region of the type-I clathrate.

Although no complete phase diagram has been evaluated for
the systems Sr–Zn–{Si,Ge} a series of isostructural compounds
has been discovered. The crystal structure of SrZnSi was described
as ZrBeSi-type [22] and later SrZn1�xSi1þx with AlB2 type was
reported [21]. Similarly SrZn2Si2 has been determined with
CeAl2Ga2 type [23] and SrZnGe with ZrBeSi-type [24]. However,
for none of the aforementioned phases the homogeneity region
was defined. In order to assess the formation and region of
existence of clathrate-type I phases in the systems Sr–Zn–{Si,Ge},
we have investigated the Sr-poor part of the Sr–Zn–{Si,Ge}
systems. The current paper will thus provide information on
(i) the phase equilibria in the Sr–Zn–{Si,Ge} systems, (ii) on the
crystal structures of ternary compounds in the Sr–Zn–Si system,
and will provide (iii) a comparison of the investigated systems
and explanations to some structural effects in the ternary phases.
2. Experimental

For sample preparation the following components were
used—strontium rods with purity 99.5 mass%, zinc granules (Alfa
Aesar, purity499.9 mass%; purified in quartz ampoules by heat-
ing below the Zn boiling point at 907 1C), germanium and silicon
pieces with purity better than 99.999 mass%. Oxygen sensitive
strontium was cleaned and weighed under cyclohexane.
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Fig. 1. Isothermal section of the Sr–Zn–Si diagram at 800 1C. Sample positions are

indicated by open circles.
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For sample preparation the appropriate amounts of Sr (excess of
3 mass% was used to compensate evaporation losses) and Si/Ge
were melted in an electric arc-furnace under Ti-gettered argon
with a non-consumable tungsten electrode on a water-cooled
copper hearth for two times in order to achieve complete fusion
and homogeneity. The obtained ingot was cracked into several
pieces and with appropriate amounts of Zn was sealed in an
evacuated quartz tube. Each ampoule was heated slowly at a rate
of 2 1C/min to 950 1C and maintained at this temperature for 2
days to complete the reaction. After that, the temperature was
reduced to 800 1C for Si-containing and 700 1C for Ge-containing
samples, which were then annealed for 6 days. Finally the
samples were water quenched without breaking the ampoules.
Temperatures for the isothermal sections (800 1C for the Si-based
and 700 1C for the Ge-based system) were selected close to the
solidus in the respective binary boundary systems of Sr–Si and
Sr–Ge at the nominal binary clathrate composition Sr8(Si,Ge)46.

X-ray powder diffraction data from the annealed specimens
were collected with a Guinier–Huber image plate system (CuKa1;
81r2yr1001). Precise lattice parameters were calculated by
least-squares fits to indexed 2y-values employing Ge (for
Si-containing samples) or Si (for Ge-containing samples) as
internal standards (aGe¼0.565791 nm; asi¼0.543107 nm) using
the CSD program package [25]. For crystal structure refinements
we used the FullProf Suite program [26] and the standardization
procedure with program Structure Tidy [27]. The annealed sam-
ples were polished using standard procedures and were examined
by electron probe microanalysis (EPMA). Chemical composition of
phases were determined via a Zeiss Supra 55VP scanning electron
microscope operated at 20 kV and equipped with an energy
dispersive X-ray (EDX) spectrometer supported by the INCA
software (Oxford Instruments). Standard deviations for the che-
mical compositions gained from EPMA were smaller than 71 at%.
3. Binary systems

Both equilibrium diagrams, Zn–Si and Zn–Ge are characterized by
a complete insolubility of the components at 700 and 800 1C [28].
The liquid phase extends at 700 and 800 1C over most of the phase
diagram Sr–Zn [28], sparing only the compound SrZn13. A detailed
investigation of the Sr–Si system revealed at 800 1C the existence of
Sr2Si, Sr5Si3, SrSi2, and SrSi (a or b modifications depending on the
cooling rate) [29].

For the Sr–Ge system at 700 1C [28] the formation of Sr2Ge,
SrGe, and SrGe2 has been reported. Although information on the
existence of a Sr5Ge3 compound was presented [30], no thermo-
dynamic data were given.
4. Results and discussion

4.1. The ternary system Sr–Zn–Si at 800 1C

On the basis of X-ray analyses and EPMA of 17 samples, phase
relations at 800 1C were derived in the isothermal section of the
Sr–Zn–Si phase diagram (see Fig. 1). Phase equilibria are char-
acterized by the formation of three ternary phases: t1-SrZn2þx

Si2�x (CeAl2Ga2-type), t2-SrZn1�xSi1þx (ZrBeSi-type), and t3-SrZn1�x

Si1þx (AlB2-type). Crystallographic data are listed in Table 1. Despite
the insolubility of components in the binary Zn–Si system, all ternary
phases are characterized by homogeneity regions with statistical
mixtures of Si and Zn atoms in some of the crystallographic
positions. Whereas the existence of the phase t3-SrZn1�xSi1þx with
AlB2-type [21] was confirmed and the homogeneity region of
0.35rxr0.65 was defined on the basis of EPMA and Rietveld
refinement data, the ternary phase t2-SrZn1�xSi1þx, reported at
equiatomic composition with the ZrBeSi-type [22], appeared at
800 1C to be shifted along an Sr-isoconcentrate line in the direction
of lower Zn content. This deviation from equiatomic composition
was confirmed by EPMA and X-ray analysis of the bulk samples
(Table 2). A small homogeneity range of 0.16rxr0.22 exists at
800 1C, which, however, does not include the 1:1:1 stoichiometric
composition SrZnSi earlier reported for a sample heated up to
1000 1C and slowly cooled to room temperature [22]. The phase
appeared to be very brittle and rather air-sensitive as it decomposes
completely in air within 2–3 days.

The t1-SrZn2þxSi2�x phase [23], crystallizing in the CeAl2Ga2-
type, extends within a homogeneity region ranging from x¼0 to
xr0.45. This phase appeared to be most stable against oxidation
among all the ternary compounds in this system. Fig. 2 sum-
marizes microstructures of selected alloys documenting the tie-
line distribution at 800 1C for the ternary system Sr–Zn–Si.
Interestingly, neither a ternary clathrate of type I (‘‘Sr8(Zn,Si)46’’)
nor of type IX (‘‘Sr6(Zn,Si)25’’) have been encountered in alloys
annealed at 800 1C.

4.2. The ternary system Sr–Zn–Ge at 700 1C

The isothermal section of the Sr–Zn–Ge phase diagram was
constructed at 700 1C on the basis of X-ray and EPMA of 13
samples (Fig. 3). In comparison with the Sr–Zn–Si system, the
annealing temperature was reduced to 700 1C to avoid liquid
regions in the Ge-rich part of the binary and ternary phase
diagram. Phase relations in the Sr–Zn–Ge system are character-
ized by the formation of four ternary phases: t1-SrZn2þxGe2�x

(CeAl2Ga2-type), t2-SrZn1�xGe1þx (ZrBeSi-type), t3-SrZn1�xGe1þx

(AlB2-type) and t4-Sr8Zn8Ge38 (clathrate type I). Crystallographic
data are listed in Table 1; results of phase analyses and micro-
graphs are shown in Table 3 and Fig. 4. Similar to the ternary
Sr–Zn–Si compounds, all ternary phases with exception of the
clathrate phase t4 are characterized by homogeneity regions at
constant Sr-content but with statistical mixtures of Ge and Zn in



Table 2
X-ray phase analysis, lattice parameters and phase composition from EPMA for Sr–Zn–Si alloys annealed at 800 1C; a, b, c, and d refer to the SEM images of Fig. 2.

Nominal composition (at%) Phase Structure type Lattice parameter (nm) Composition EPMA (at%)

Sr Zn Si a b c Sr Zn Si

40 25 35 SrZn13 NaZn13 1.22303(6) – – 6.4 93.6 –

(a) t1 CeAl2Ga2 0.42902(1) – 1.05759(1) 20.6 47.1 32.4

t2 ZrBeSi 0.42844(5) – 0.8809(2) 31.6 26.3 42.1

20 50 30 SrZn13 NaZn13 1.21996(7) – – 7.7 92.3 –

(b) t1 CeAl2Ga2 0.42707(2) – 1.06146(5) 19.1 46.2 34.8

30 10 60 Si Si 0.54248(1) – – 2.8 – 97.2

(c) SrSi2 SrSi2 0.65300(3) – – 33.4 – 66.6

t3 AlB2 0.41556(1) – 0.46748(2) 32.8 10.5 56.7

27.0 33.0 40.0 t1 CeAl2Ga2 0.43255(2) – 1.04196(5) 20.0 43.0 37.0

(d) Si Si 0.54417(3) – – – 0.4 99.6

Fig. 2. SEM (backscatter-detector, 20 kV) images of selected samples in the Sr–Zn–Si system (letters on the image correspond to those in Table 2).

Table 1
Crystallographic data for the Sr–Zn–Si and the Sr–Zn–Ge system.

Compound Structure type Space group Lattice parameters (nm) Comments

a, b c

Sr–Zn–Si–system (800 1C)
t1-SrZn2þxSi2�x CeAl2Ga2 I4/mmm 0.43262(1) 1.03305(4) x¼0a

0rxr0.45a 0.42714(2) 1.06164(5) x¼0.45a

t2-SrZn1�xSi1þx ZrBeSi P63/mmc 0.42631(1) 0.91084(2) x¼0.22a

0.16rxr0.22a 0.430 0.902 x¼0 [22]

t3-SrZn1�xSi1þx AlB2 P6/mmm 0.42307(1) 0.46008(1) x¼0.35a

0.35rxr0.65a 0.41461(1) 0.46965(1) x¼0.65a

0.41639 0.46787 [21]

Sr–Zn–Ge-system (700 1C)
t1-SrZn2þxGe2�x CeAl2Ga2 I4/mmm 0.43943(5) 1.06297(1) x¼0a

0rxr0.5a 0.437 1.061 x¼0 [23]

0.43587(1) 1.07401(1) x¼0.5a

t2-SrZn1�xGe1þx ZrBeSi P63/mmc 0.4293(4) 0.934(2) x¼0a

0rxr0.17a 0.4244 0.9126 x¼0 [24]

t3-SrZn1�xGe1þx AlB2 P6/mmm 0.4291(1) 0.4676(6) x¼0.56a

0.32rxr0.56a

t4-Sr8Zn8Ge38 Clathrate-I Pm-3n 1.07074(1) – a

Pm-3n 1.07044(4) – [20]

a This work.
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crystallographic positions. The clathrate t4-phase, for which in a
previous report [20] a Zn-content of 773 atoms per unit cell at
950 1C was derived from neutron powder diffraction, appeared to
adopt at 800 1C the stoichiometry 8:8:38 (according to EPMA
data, i.e. with a Zn-content of 870.3 atoms/u.c.) with practically
identical lattice parameter (Table 1). No solid solution from this
ternary clathrate to the hypothetical binary ‘‘Sr8Ge46’’ was
observed. The t1-SrZn2þxGe2�x phase exhibits a homogeneity
range 0rxr0.5. The homogeneity region of t2-SrZn1�xGe1þx

(ZrBeSi-type) extends from the equiatomic composition to
Sr33.3Zn27.7Ge39.0 (0rxr0.17), whilst the phase t3-SrZn1�xGe1þx

(AlB2-type) extends at 700 1C from Sr33.3Zn22.7Ge44.0 to
Sr33.3Zn14.7Ge52.0 (0.32rxr0.56). The latter two phases t2 and
t3 appeared to be very brittle as well as very sensitive to oxygen
or moist air, especially in the presence of SrGe2 and if unpro-
tected, powders change their color within minutes from metallic
to brown and finally to orange while decomposing into pure Ge
and some unidentified phases. The most stable phases are t1

and t4. Therefore preparation of specimens for X-ray powder
Fig. 3. Isothermal section of the Sr–Zn–Ge diagram at 700 1C. Sample positions are

indicated by open circles.

Table 3
X-ray phase analysis, lattice parameters and phase composition from EPMA for Sr-Zn-

Nominal composition (at%) Phase Structure type La

Sr Zn Ge a

20.0 40.0 40.0 t1 CeAl2Ga2 0.

(a)

33.0 33.0 34.0 t2 ZrBeSi 0.

(b) SrGe SrSi –

33.0 15.0 52.0 t3 AlB2 0.

(c) SrGe2 BaSi2 –

14.0 5.0 81.0 t4 Clathrate-I 1.

(d) Ge Diamond 0.

14.0 5.0 81.0 Ge Diamond 0.

(e) SrGe2 BaSi2 –

t4 Clathrate-I 1.

14.8 18.5 66.7 Ge Diamond 0.

(f) 800 1C t4 Clathrate-I 1.

t1 CeAl2Ga2 0.
diffraction had to be done either in the glove box under argon or
under protective liquids (cyclohexane).

4.3. Comparison of the Sr–Zn–SI and the Sr–Zn–Ge system

Both isothermal sections have many features in common such
as (i) formation of isotypic phases with CeAl2Ga2, ZrBeSi, and AlB2

structures, (ii) comparable homogeneity regions and (iii) similar
phase field distribution. Most interesting is that the presence of Sr
in the ternary compounds breaks down the mutual insolubility of
Si/Ge and Zn. In all ternary compounds investigated, a random
mixture of Zn and Si/Ge atoms in appropriate crystallographic
sites is observed. The direction of solubility, however, is different
as Si/Ge is partially substituted by Zn for the phases with the
CeAl2Ga2 type and it is vice versa for the phases with AlB2/ZrBeSi
type. Homogeneity regions in the Sr–Zn–Si system are somewhat
smaller than those in Sr–Zn–Ge. This could be explained by the
size-effect. As Zn atoms are larger than Si this reduces the
tolerance limits for substitution in the Sr–Zn–Si structure,
whereas Ge and Zn atoms are of almost the same size. Samples
in the Sr–Zn–Ge system are much more sensitive to humidity and
oxygen than those in Sr–Zn–Si. The main difference between the
investigated systems lies in the absence of clathrate formation in
the Sr–Zn–Si system. One more important point is that the Sr–Zn–Ge
t2 homogeneity region at 700 1C includes the equiatomic composi-
tion, which is not the case for the Sr–Zn–Si system.

4.4. Structural chemistry

4.4.1. The crystal structure of t1-SrZn2þxSi2�x

The crystal structure of the phase t1-SrZn2þxSi2�x was refined
from X-ray powder diffraction data using atom parameters of the
SrZn2Ge2 compound with the CeAl2Ga2-type [23] as an initial
structural model. EPMA results from various samples containing
this phase consistently yielded a deviation of up to 9 at% in Zn/Si
content from the stoichiometric composition SrZn2Si2. For this
reason three samples with compositions close to the maximum,
minimum and intermediate Zn content were selected for Rietveld
refinement (Table 4). The compositions refined are very close to
those gained from EPMA. As the atomic radius of Zn is somewhat
bigger than that of Si, we can expect an enlargement of the unit
cell with increasing Zn-content in SrZn2þxSi2�x. As shown in
Fig. 5 the c-parameter increases, whereas the a-parameter even
reduces slightly, but the cell volume still expands by �1.5%.
A more detailed look on the structural data listed in Table 4
shows that with an increasing amount of Zn-atoms in the 4e site
Ge alloys annealed at 700 1C; a, b, c, d, e, and f refer to the SEM images of Fig. 4.

ttice parameter (nm) Composition EPMA (at%)

b c Sr Zn Ge

43580(1) – 1.07386(4) 19.1 41.1 39.8

4293(4) – 0.934(2) 33.5 34.2 32.3

– – 53.5 – 46.5

4291(4) – 0.4676(6) 34.4 12.4 53.2

– – 36.2 – 63.8

07084(1) – – 14.4 15.0 70.6

56572(1) – – – – 100

56572(1) – – 0 0 100

– – 32.0 – 68.0

07084(1) – – 14.4 15.0 70.6

56572(1) – – 0 0 100

0709(2) – – 14.7 14.8 70.5

43943(5) – 1.06297(1) 20.0 40.8 39.2



Fig. 4. SEM (backscatter-detector, 20 kV) images of selected samples in the Sr–Zn–Ge system (letters on the image correspond to those in Table 3). Picture f is taken from a

sample annealed at 800 1C.

Table 4
X-ray powder Rietveld refinement data for SrZn2þxSi2�x.

Parameter/compound SrZn2þxSi2�x SrZn2þxSi2�x SrZn2þxSi2�x

Space group, prototype I4/mmm, CeAl2Ga2 I4/mmm, CeAl2Ga2 I4/mmm, CeAl2Ga2

Composition, EPMA at% Sr19.6Zn40.2Si40.2 Sr19.9Zn42.5Si37.6 Sr20.0Zn48.6Si31.44

Composition, XPD at% Sr20.0Zn42.5(2)Si37.5(2) Sr20.0Zn45.8(1)Si34.2(1) Sr20.0Zn49.9(2)Si30.1(2)

a, c (nm), Ge standard 0.43262(1); 1.03305(4) 0.43178(1); 1.03980(2) 0.42714(2); 1.06164(5)

Reflections measured 48 48 49

RF¼
P

9Fo–Fc9/
P

Fo 0.045 0.020 0.048

RI¼
P

9Io–Ic9/
P

Io 0.068 0.025 0.064

RwP¼[
P

wi9yoi–yci9
2/
P

wi9yoi9
2]1/2 0.089 0.038 0.125

RP¼
P

9yoi–yci9/S9yoi9 0.056 0.023 0.084

Re¼[(N–PþC)/
P

wiy
2
oi)]

1/2 0.012 0.014 0.018

w2
¼(RwP/Re)2 58.3 7.05 47.7

Atom parameters

Sr in 2a (0, 0, 0) – – –

Biso (102 nm2) 1.36(7) 0.52(3) 0.50(6)

Zn in 4d (0, 1/2, 1/4) – – –

Biso (102 nm2) 0.86(6) 0.74(2) 1.45(6)

Si/Zn in 4e (0, 0, z) z¼0.3862(4) z¼0.3853(1) z¼0.3840(2)

Occ. Si/Zn 3.75/0.25(2) 3.42/0.58(1) 3.01/0.99(2)

Biso (102 nm2) 0.74 1.28 1.17
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the value of the z-coordinate decreases slightly (Fig. 6). This
means that the Si–Si distance becomes larger and the bonding
between these Si atoms becomes weaker. In the initial (not
substituted) compound Si–Si distances are close to the sum of
the Si covalent radii and thus the covalent contribution to the
Si–Si bond will dominate. When we substitute Si by Zn (max-
imum 9 at%), the distance between Si/Zn atoms becomes larger
and as a result the covalent contribution becomes smaller by



Fig. 5. Lattice parameters versus Zn content for SrZn2þxSi2�x (EPMA data in

this work).

Fig. 6. z-coordinate in 4e atomic site versus Zn content for SrZn2þxSi2�x

(EPMA data).

Table 5
X-ray powder diffraction data for SrZn1�xSi1þx silicides.

Parameter/compound SrZn1�xSi1þx, x¼0.22

Space group, Prototype P63/mmc, ZrBeSi

Composition, EPMA at% Sr32.5Zn26.0Si41.5

Composition, XPD at% Sr33.3Zn26.3(2)Si40.4(2)

a; c [nm], Ge standard 0.42631(1); 0.91084(2)

Reflections measured 44

RF¼
P

9Fo–Fc9/
P

Fo 0.020

RI¼
P

9Io–Ic9/
P

Io 0.022

RwP¼[
P

wi9yoi–yci9
2/
P

wi9yoi9
2]1/2 0.058

RP¼
P

9yoi–yci9/
P

9yoi9 0.036

Re¼[(N–PþC)/
P

wiy
2
oi)]

1/2 0.018

w2
¼(RwP/Re)2 10.2

Atom parameters

Sr in 2a (0, 0, 0)

Biso (102 nm2) 0.91(6)

Si in 2d

(1/3, 2/3, 3/4)

Biso (102 nm2) 0.43

Zn/Si in 2c

(1/3, 2/3, 1/4)

Occ. Zn/Si 1.58/0.42(2)

Biso (102 nm2) 0.47
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�13%. Concomitantly the covalent contribution to Sr–Si/Zn bond-
ing increases by �8%.

For SrZn2þxGe2�x the same trend in the change of lattice
parameters can be observed (Table 1), although due to the much
smaller difference in atomic radii of Zn (133.5 pm) and Ge
(122.5 pm; Si 117.6 pm) the effect of lowering the a- and enlar-
ging the c-parameter is not so pronounced. Interestingly practi-
cally no volume change is observed. As XPD does not allow a
reliable distinction among Zn and Ge, we do not present any
details on crystallographic positions.

4.4.2. The crystal structure of the t2/t3-SrZn1�xSi1þx phases

EPMA data of samples between the compositions SrZnSi and
SrSi2 showed the presence of two different ternary phases with
compositions that could be described by the general formula
SrZn1�xSi1þx with 0.16rxr0.22 for the t2 phase and 0.35r
xr0.65 for the t3 phase. X-ray powder data refinements showed
that the t2 phase crystallizes with the ZrBeSi type and t3 with the
AlB2 type. Refinement of the occupancies revealed a random
mixture of Zn/Si atoms in the 2c site of both structures
(Table 5). As mentioned before and consistent with EPMA data,
the refined composition of the t2-phase does not include the
1:1:1 stoichiometry. Despite the close relation of crystal struc-
tures of these phases the coexistence of both phases is clearly
demonstrated in Fig. 7.

The variation of lattice parameters as a function of the
Zn-content in SrZn1�xSi1þx is shown in Fig. 8. The ZrBeSi
structure type is a superstructure of the AlB2 type with a two
times larger c parameter. Taking this fact into account, the c

parameter for t2 is plotted as c/2 to compare it with c of t3. The
figure shows that a and c parameters change gradually and are in
good correlation with the data published earlier for the equia-
tomic composition of t2 [22].
5. Conclusions

The isothermal section of the Sr–Zn–Si system was constructed
at 800 1C and showed the absence of clathrate phases but the
presence of the ternary phases t1-SrZn2þxSi2�x (CeAl2Ga2-type),
t2-SrZn1�xSi1þx (ZrBeSi-type), and t3-SrZn1�xSi1þx (AlB2-type).
The crystal structures of all these silicides were refined and the
homogeneity regions due to statistical mixtures of Zn and Si atoms
SrZn1�xSi1þx, x¼0.36 SrZn1�xSi1þx, x¼0.67

P6/mmm, AlB2 P6/mmm, AlB2

Sr33.9Zn20.8Si45.2 Sr32.3Zn12.0Si55.7

Sr33.3Zn21.3(2)Si45.4(2) Sr33.3Zn11.1(1)Si55.5(1)

0.42307(1); 0.46008(1) 0.41461(1); 0.46965(1)

29 28

0.041 0.022

0.049 0.038

0.058 0.070
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Fig. 8. Lattice parameters versus Zn content for silicides SrZn1�xSi1þx (t2 and t3)

(EPMA data).

Fig. 7. Rietveld refinement for the alloy with nominal composition Sr33.3Zn21.7Si45.

The red dots show the observed intensity, the black line the calculated intensity,

the blue line represents the difference between measured and calculated inten-

sities, and the green bars indicate the Bragg-positions of each phase. (For

interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)
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in one of the crystallographic sites of these phases were evaluated.
In the Sr–Zn–Ge system at 700 1C a new phase with AlB2 structure
was found. All ternaries in this system with exception of the
clathrate-I phase Sr8Zn8Ge38 are characterized by homogeneity
regions with statistical mixtures of Ge and Zn in the crystal-
lographic positions.
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[30] R. Nesper, F. Zürcher, Z. Kristallogr. New Cryst. Struct. 214 (1999) 21.


	The systems Sr-Zn-Si,Ge: Phase equilibria and crystal structure of ternary phases
	Introduction
	Experimental
	Binary systems
	Results and discussion
	The ternary system Sr-Zn-Si at 800degC
	The ternary system Sr-Zn-Ge at 700degC
	Comparison of the Sr-Zn-SI and the Sr-Zn-Ge system
	Structural chemistry
	The crystal structure of tau1-SrZn2+xSi2-x
	The crystal structure of the tau2/tau3-SrZn1-xSi1+x phases


	Conclusions
	Acknowledgments
	References




