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Abstract

NasSis, monoclinic, C12/c1 (no. 15), a = 12.1536(5) A,
b=6.5452(5) A, c = 11.1323(6) A, = 118.9(1)°,
V=7753 A%, Z=4, Ry(F) = 0.028, wRyet(F*) = 0.064,
T=293K.

Source of material

The Zintl phase Na4Siq was prepared from the elements with an
excess of alkali metal (Na, ingot, 99.9 %, ChemPur; Si, pieces,
99.999 %, Alfa) in a closed Ta container which was sealed into an
evacuated quartz glass ampoule. The reaction mixture was heated
up to 750 °C within 1 hour, annealed for 3 hours and afterwards
cooled down to ambient temperature within 4 days. Well shaped
needle-like crystals were obtained by removing the excess of so-
dium using vacuum distillation at 230 °C and 5 x 107® mbar [1,2].
Due to sensitivity of the compound to air and humidity, the inves-
tigated single crystal was sealed into a glass capillary under puri-
fied argon.

Experimental details

Lattice parameters were refined from synchrotron powder dif-
fraction data (A = 0.39987 A), using 58 reflections between 4° <
260 < 14.5°, and applying LaBe as internal standard (NIST, a =
4.15692 A).
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Discussion

The crystal structure of NasSi4 was first determined by Witte, von
Schnering and Klemm from Weillenberg film data on single crys-
tals [1]. NasSis was re-investigated in order to elucidate the chem-
ical bonding by quantum chemical calculations as well as solid
state nuclear magnetic resonance measurements. For these inves-
tigations, high quality crystallographic data are crucial. The pres-
ent re-determination confirms structural information obtained in
Ref. [1] and provides data of the crystal structure with higher ac-
curacy. Two crystallographic non-equivalent sites for both Si and
Na are occupied in the crystal structure. The Si atoms form dis-
torted Sis*~ tetrahedranide anions. In comparison to the previous
data the a- and c-axis are shortened by 0.036 A and 0.048 A, re-
spectively. This results in a shortening of the distance
d(Si1—Sil) = 2.466(1) A by 0.045 A, whereas the distance
d(Si2—Si2)=2.411(4) Ais elongated by 0.031 A. The distances
d(Si1—Si2)=2.3797(7) A and 2.4030(8) A remain almost not af-
fected thus the average distance of day = 2.395(4) A within the
tetrahedranide anions is equal within the experimental error with
the previous result (day = 2.41(1) A [1]). The tetrahedron faces
Si2—-Si2—Sil and Si1-Sil-Si2 are u3 capped by Nal with day =
3.2396(5) A and by Na2 with day = 3.5677(7) A, respectively.
Whereas the four tetrahedron edges Sil—Si2 are u> bridged by
Nal with day =3.2914(7) A, the two edges Sil—Sil and Si2—Si2
are not coordinated by sodium. The Si2 atoms show two u con-
tacts to Na2 with day = 3.0641(8) A and the Sil atoms are 1 coor-
dinated by Nal (3.8382(8) A) and by Na2 (3.203(1) A).

Table 1. Data collection and handling.

Crystal: silver block,
size 0.045 x 0.050 x 0.060 mm
Wavelength: Mo K, radiation (0.71073 A)

: 8.79 cm™!

Diffractometer, scan mode: Rigaku AFC7, ¢/w

260 max: 63°

N(hkl)measured, N(hkl)uniquei 2975, 1204

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 1139
N(param)refined: 37

Programs: WinCSD [3], SHELXL-97 [4],
DIAMOND [5]
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Table 2. Atomic coordinates and displacement parameters (in Az).

Un Us3 U2 Uis U

Atom Site x y b4 Un

Si(1) 8f 0.06080(3) 0.29241(5) 0.18781(3) 0.0229(2)
Si(2) 8f 0.09754(3) 0.03924(6) 0.35655(3) 0.0304(2)
Na(l) 8f 0.35040(5) 0.3381(1) 0.35883(6) 0.0325(3)
Na(2) 8f 0.36871(5) 0.09411(9) 0.04668(6) 0.0295(3)

0.0255(2) 0.0296(2) 0.0004(1) 0.0153(1) 0.0055(1)
0.0374(2) 0.0231(2) 0.0151(1) 0.0125(1) 0.0121(1)
0.0564(4) 0.0291(3)  —0.0028(2) 0.0148(2) 0.0047(2)
0.0331(3) 0.0462(3) 0.0064(2) 0.0149(2) 0.0044(2)
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