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Abstract

Cag 38Si3514.62, tetragonal, I4/mcm (No. 140), a = 8.010(6) A,
c=1573(1) A, V=1009.2 A%, Z=4, Ry(F)=0.027,
wR(F?) = 0.052, T=298 K.

Cag.48Si3Sr4.52, tetragonal, I4/mem (No. 140), a = 7.983(6) A,
c=15.70(1) A, V= 1000.5 A%, Z = 4, Ry(F) = 0.025,
wR(F?) =0.047, T=298 K.

Cay.81Si3Sr3,19, tetragonal, [4/mcm (No. 140), a = 7.885(6) A,
c=1552(1) A, V=9649 A%, Z =4, Ry(F) =0.021,
wR(F?) = 0.040, T= 298 K.

Ca; 88Si3Sr2,12, tetragonal, [4/mcm (No. 140), a = 7.786(6) A,
c=1537(1) A, V=931.8 A%, Z = 4, Ry(F) = 0.020,
wR(F%)=0.045, T=298 K.

Cay 45Si3Sr0.57, tetragonal, [4/mem (No. 140), a = 7.661(5) A,

c=1497(1) A, V=878.6 A%, Z= 4, Ry(F) = 0.048,
wR(F?)=0.078, T=298 K.

* Correspondence author (e-mail: nesper @inorg.chem.ethz.ch)

Source of material

Sr4.62Cag 38513 is prepared by heating a mixture of the elements
with a Sr/Ca/Si ratio of 4:1:3 at 1363 K (48 h, cooling down
within 10 h) and then tempered at 1573 K (10 h, cooling down
within 5 h). Srs.52Cag.48Si3, Sr3.19Caj 81513, and Srz.12Caz 88Si3
are prepared by heating at 1363 K a mixture of the elements with
the Sr/Ca/Siratios of 1:4:3, 3:2:3, and 2:3:3, respectively (118 h,
quenched in cold water). Sro.52Ca4.48Si3 is prepared by heating a
mixture of the elements with a Sr/Ca/Si ratio of 1:1:1 at 1363 K
(6 h, cooling down within 10 h). All compounds form grey-black,
irregular crystals with a metallic lustre.

The Sr/Cal and Sr/Ca2 sites are occupied by different amounts of
strontium and calcium. The corresponding occupancy factors are
also refined.

Discussion

Sra.62Cag 38513, Sra.52Cag48Si3, Sri.19Cai.815i3, Sr2.12Ca; 8513,
and Sro.52Ca4.48Si3 crystallise with the CrsB3 structure type, like
SrsSi3 [1] and CasSiz [2-3]. All compounds contains Si%
dumb-bells and isolated Si*~ Zintl anions. The strontium occu-
pancy on the M1 position of these compounds is 62%, 52%, 19%,
0%, and 0%, respectively, while the strontium occupancy on the
M2 position is 100%, 100%, 75%, 53%, and 13%, respectively.
The two metal positions of the MsX3 compounds (M = Ca-Ba; X
= Si-Pb) are chemically and structurally very different. M1 and
M2 have different coordination numbers (14 and 16, respec-
tively). All structural investigations on the MsX3 compounds
have shown that the displacement parameter U3 of the M1 posi-
tion is exceptionally large for all metals in question, also for the
smaller calcium. The larger the metal M is, the less likely it is to
occupy the M1 position. If the X atoms are small (silicon and ger-
manium) this effect is pronounced. In fact, BasSi3 [4] and BasGe;
[5] have distorted structures where Bal shift off the ideal M 1 site.
With larger X atoms (tin and lead), the M atoms have more space
in the M1 site and therefore BasSn3 [6] and BasPbs [7] do not
show this distortion. Our investigations on the MsSi3 compounds
(M =Ca, Sr) have shown that SrsSi3 and CasSi3 form a solid solu-
tion Srs_,Ca,Sis.
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1. Penta(strontium, calcium) trisilicide, Srs.62Caq.385i3

Table 1. Data collection and handling.

Crystal:
Wavelength:

e
Diffractometer, scan mode:
20max:

grey-black piece,

size 0.15 x 0.15 x 0.20 mm

Mo Kq radiation (0.71073 A)
247.52 cm™!

Stoe IPSD, 61 exposures, Ap = 2.0°
48.36°

N(hkl)measured, N(hkl)uniquel 1803, 230
Criterion for lobs, N(hkl)gt: Iobs > 2 oflobs), 212
N(param)refined: 17
Programs: SHELXS-96 [8), SHELXL-96 [9],
COLTURE {10]
Table 2. Atomic coordinates and displacement parameters (in Az).
Atom Site Oce. x y z Un Uxn Usz Uz Uiz Uz
Ca(l) 4c 038(1) O 0 0 0.0204(8) Un 0.052(2) 0 0 0
Sr(l) 4c  0.62 0 0 0 0.0204 Un 0.052 0 0 0
Sr(2) 161 0.17892(6)  x+1/2 0.14100(5)  0.0228(4) Un 0.0215(6) 0.0001(2) -0.0021(2) Uiz
Si(1) 4a 0 0 1/4 0.024(1) Un 0.027(3) 0 0 0
Si(2) 8h 0.3910(2) x+1/2 0 0.018(1) Un 0.020(2) 0.001(1) 0 0
2. Penta(strontium, calcium) trisilicide, Sr4.52Cag.48Si3 Table 3. Data collection and handling.
Crystal: grey-black piece,
size 0.15 x 0.15 x 0.20 mm
Wavelength: Mo K, radiation (0.71073 A)
T8 244.94 cm’!
Diffractometer, scan mode: Stoe IPSD, 60 exposures, Ap = 2.0°
26max: 48.66°
N(hkl)measured, N(hkl)unique: 1710, 234
Criterion for Iobs, N(hkl)g:: Iobs > 2 o(Iobs), 217
N(param )refined: 17
Programs: SHELXS-96 [8], SHELXL-96 [9],
COLTURE [10]
Table 4. Atomic coordinates and displacement parameters (in Az).
Atom Site  Oce. x y z Un Un Usy Unz Ui Unxs
Ca(l) 4c 048(3) 0 0 0 0.028(2) Un 0.058(3) 0 0 0
Sr(1) 4c  0.52 0 0 0 0.028 Uy 0.058 0 0 0
Sr(2) 16/ 0.3203(1) x+1/2 0.35961(8)  0.0286(7) Ui 0.0276(9) -0.0010(5) —-0.0013(4) Uiz
Si(l)y 4a 0 0 1/4 0.030(2) Un 0.029(4) 0 0 0
Si(2) 8h 0.3902(5) x+1/2 0 0.024(2) Un 0.024(2) 0.002(2) 0 0

3. Penta(strontium, calcium) trisilicide, Sr3.19Ca1.815i3

Table 5. Data collection and handling.

Crystal:
Wavelength:

Diffractometer, scan mode:
260max:

N(hkl)measured, NI (hkl)uniquei
Criterion for lobs, N(hkl)g::
M (Par amrefined:

Programs:

grey-black piece,

size 0.10 x 0.10 x 0.15 mm

Mo K radiation (0.71073 A)
189.17 cm™!

Stoe IPSD, 61 exposures, Ap = 2.0°
48.5°

1651, 226

Iobs > 2 o(lobs), 206

18

SHELXS-96 [8], SHELXL-96 [9],
COLTURE [10]
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Table 6. Atomic coordinates and displacement parameters (in Az).

Atom Site Occ. x y z Un Uz Usz Uiz Uiz Uas
Ca(1) 4 081(2) 0 0 0 0.020(1) Un 0.049(2) 0 0 0
Sr(1) 4c  0.19 0 0 0.020 Un 0.049 0 0 0
Ca(2) 161 0.25(2) 0.17929(5)  x+1/2 0.14087(4)  0.0224(3) Un 0.0212(4) -0.0008(2) —0.0019(2) Uiz
Sr(2) 16/ 0.75 0.17929 x+1/2 0.14087(4)  0.0224 Un 0.0212 -0.0008 -0.0019 Uiz
Si(1) 4a 0 0 1/4 0.024(1) Un 0.029(2) 0 0 0
Si(2) 8h 0.3893(2) x+1/2 0 0.019(1) Un 0.021(1) —0.0007(9) 0 0

4. Penta(strontium, calcium) trisilicide, Sr>.12Cax2.8sSi3

Table 7. Data collection and handling.

Crystal:
Wavelength:

TS
Diffractometer, scan mode:
20max:

grey-black piece,

size 0.15 x 0.15 x 0.15 mm

Mo Ko radiation (0.71073 A)
140.10 cm™

Stoe IPSD, 61 exposures, Ap = 2.0°
48.52°

N(hkl)measured, N(hkl Junique: 1620, 218

Criterion for Iobs, N(hkl)g: Iobs > 2 o(1obs), 206

N(param)cefined: 17

Programs: SHELXS-96 [8], SHELXL-96 [9],

COLTURE [10]

Table 8. Atomic coordinates and displacement parameters (in A3,
Atom Site Occ. x y z Un Un Uss U Uiz Uz
Ca(l) 4c 0 0 0 0.0152(7) Un 0.041(1) 0 0 0
Sr(2) 16/ 0.529(9) 0.17927(5)  x+1/2 0.14108(3)  0.0199(3) Un 0.0201¢4) -0.0003(2) -0.0012(2) U3
Ca(2) 16/ 0471  0.17927 x+172 0.14108 0.0199 Un 0.0201 -0.0003 -0.0012 Uiz
Si(l) 4a 0 0 1/4 0.026(1) Un 0.029(1) 0 0 0
Si(2) 8h 0.3883(2) x+1/2 0 0.0166(7) Un 0.0189(8) 0.0000(7) 0 0

5. Penta(strontium, calcium) trisilicide, Sro 52Ca4.48Si3

Table 9. Data collection and handling.

Crystal: grey-black piece,
size 0.10 x 0.15 x 0.15 mm
Wavelength: Mo Ky radiation (0.71073 A)
" 63.43 cm™
Diffractometer, scan mode Stoe IPSD, 76 exposures, Ag = 2.0°
20max: 48.44°
N(hkl)measured, N(hklJupique: 1939, 214
Criterion for Iobs, N(hkl)g:: Tobs > 2 o(Iobs), 200
N(param)refined: 17
Programs: SHELXS-96 [8], SHELXL-96 [9],
COLTURE [10]
Table 10. Atomic coordinates and displacement parameters (in A2).
Atom Site Occ. x y z Un U Us3 U2 Uiz U
Ca(l) 4c 0 0 0 0.019(1) Un 0.041(2) 0 0 0
Ca(2) 16/ 0.87(1) 0.1789(1) x+1/2 0.14121(9)  0.0212(8) Un 0.022(1) 0.0005(6) -0.0015(5) Uns
Sr(2) 16/ 0.13 0.1789 x+1/2 0.14121 0.0212 Un 0.022 0.0005 -0.0015 Ui
Si(l) 4a 0 0 1/4 0.023(2) Un 0.025(2) 0 0 0
Si(2) 8h 0.3874(3) x+1/2 0 0.018(1) Un 0.019(2) 0.002(1) 0 0




426

Five penta(strontium, calcium) trisilicides

Acknowledgment. This work was supported by the Swiss National Foundation
under project no. 2000-050675.97

References

1.

2.

Ziircher, F.; Nesper, R.: Redetermination of the crystal structure of
pentastrontiumtrisilicide, SrsSis. Z. Kristallogr. NCS 214 (1999) 19.
Eisenmann, B.; Schifer, H.: Die Kristallstrukturen der Verbindungen
CasSi3 und CasGes. Z. Naturforsch. 29b (1974) 460-463.

Currao, A.: Synthese, Struktur und Eigenschaften von Zintl-Phasen der
Erdalkali und Alkali-Erdalkalimetalle mit Silicium. Dissertation. ETH
Ziirich, Switzerland 1996.

Ziircher, F.; Nesper, R.: Refinement of the crystal structure of
pentabarium trisilicide, BasSis. Z. Kristallogr. NCS 214 (1999) 20.

5. Ziircher, F.; Nesper, R.: Crystal structure of pentabarium trigermanide,
BasGes. Z. Kristallogr. NCS 214 (1999) 22.

6. Dorrscheidt, W.; Widera, A.; Schifer, H.: Darstellung und Kiristall-
struktur von SrsSn3 und BasSns. Z. Naturforsch. 32b (1977) 1097-1099,

7. Sands, D. E.; Wood, D. H.; Ramsey, W. J.: The Structures of BasPbs,
BaPb and BaPbs. Acta Crystallogr. 17 (1964) 986-989.

8. Sheldrick, G. M.: SHELXS-96 Program for the solution of crystal struc-
tures. University of Gottingen, Germany 1996.

9. Sheldrick, G. M.: SHELXL-96 Program for refining crystal structures.
University of Gottingen, Germany 1996.

10. Hofmann, P.; Nesper, R.: COLTURE 3-D Color Graphic Program. ETH
Ziirich, Switzerland 1995.



