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substituted by Sn atoms, while in another Va-Sn-Ga
(Va =Ta, Nb, V) system compound, NbsSn,Ga, the
8(h) sites are all substituted by Sn atoms (Ukei e? al.,
1989). The common point of the structures of these
two compounds is that the 4(a) sites, at the centers of
the Archimedean antiprisms, are always occupied by
Ga atoms. This fact indicates that Ga atoms have a
strong tendency to be coordinated by Va atoms to
form a kind of polyhedron which characterizes the
structure.

The authors thank Professor M. Tokonami, Uni-
versity of Tokyo, for his encouragement.
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Abstract. Gallium ditin divanadium, M, = 408-98,
orthorhombic, Acam, a = 6-7191 (7), b= 18-798 (2),
c=5603(H)A, V=7077A} Z=8, D,=
768 Mgm 3 Mo Ka, A=071069A, u=
27-0 mm~', F(000) = 1416, room temperature, final
R =0-044, wR=0-054 for 794 unique reflections
with |F,| > 30(F,). The crystal structure of the title
compound is a new type. it consists of two kinds of
bands of linked GaV; pentagons and Sn-atom clus-
ters which alternate along the b axis.

Introduction. V-Sn—-Ga is a member of Va-Sn-Ga
(Va=Ta, Nb, V) ternary systems, which have been
the subject of our interest because most of the binary
compounds composed of Va, Sn and Ga elements
exhibit superconductivity, and also because the
three-component diagrams of Va—-Sn—Ga systems are
not known. Research on the Ta-Sn—-Ga system has
been carried out by Ye, Horiuchi, Shishido, Ukei &
Fukuda (1990) and on another member, Nb-Sn—Ga,
by Ukei, Shishido & Fukuda (1989). In this work, we
focused our concern on the V-Sn—Ga system and
succeeded in synthesizing single crystals of V,Sn,Ga
for the first time in the same way as that applied in
the compounds of the Ta-Sn—-Ga and Nb-Sn-Ga
systems. Details of crystal growth and physical
properties will be presented elsewhere. Here, we
describe the structure determination of the title com-
pound.
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Experimental. Single crystals were synthesized by the
self-component flux method (Shishido, Ye, Toyota,
Ukei, Sasaki, Horiuchi & Fukuda, 1989). The crystal
used for the single-crystal X-ray diffraction study
was about 0-12 X 0-06 x 0-2]1 mm in size. Intensity
data were collected on a Rigaku AFC-5 four-circle
diffractometer using graphite-monochromatized
Mo Ka radiation. The lattice parameters were
refined from 25 reflections with 25 <26 <35° A
total of 3212 reflections in the range 2 <26 < 70°
(-10=sh=<10, —30<k<30, 0=/<9) were col-
lected under the following conditions: w—-26-scan
mode, scan width Aw = (1-1 + 0-4tan6)°, scan speed
(26) 4° min~". Two standard reflections, measured at
an interval of 100 reflections, showed no significant
fluctuation in intensity. Reflection data were cor-
rected for Lorentz—polarization effects and an
empirical absorption correction was applied. The
minimum and maximum transmission factors were
0-26 and 0-51, respectively. After the above correc-
tions, the intensities of symmetrically equivalent
reflections were averaged to give 794 unique reflec-
tions with |F,| > 3o(F)).

The structure was solved with the aid of Patterson
and Fourier syntheses. Full-matrix least-squares
refinement of variable atomic coordinates with aniso-
tropic temperature factors and an isotropic extinc-
tion coefficient, minimizing 2w(4F)*> with w=
1/6*(F,), converged to R = 0044, wR =0-054 for
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Table 1. Atomic parameters for V,Sn,Ga

B.,=(4/3)3.2,8,a.a;
Wyckoff Occu-

notation  pancy x y z By, (A?
V(1) 8 () 10 0:4684 (2 007569 (8) % 0-69
v(2) 8 (e) 1-0 i 0-15949 8) & 0-64
Ga 8 (e) 10 H 001814 (5) 4 082
Sn(1) 8 (/) 10 042472(9) 0-11137(3) 0 0-74
Sn(2) 8 (f) 1:0 042048 (9) 022207 (3) 3 071

Table 2. Interatomic distances (A) and angles (°)

Ga—V(1) 2591 (1) Ga—V(1%) 2591 (1)
Ga—V(I') 2688 (2) Ga—V(1") 2688 (2)
Ga—V(2) 2657 (2) Ga—V(2%) 3861 (1)
Ga—Ga(Y) 28015 (9) Ga—Ga(™) 34281 (4)
Ga—Sn(l) 31322 (8) Ga—Sn(l) 3044 (1)
V(I)—V(1) 2877 (2) V(1)—V(1%) 4057 (2)
V(H—V(2) 2833 (2) V(1)—Sn(1) 28955 (9)
V(1)—Sn(1%) 2725 (2) V(1)—Sn(2) 2771 2)
V(2)—V(2% 28015 (9) V(2)—Sn(1) 27490 (7)
V(2)—Sn(2) 28720 (8) V(2)—Sn(2%) 2869 (1)
Sn(1)—Sn(1¥) 36553 (9) Sn(1)—Sn(2) 34899 (9)
Sn(1)—Sn(2") 31161 (9) Sn(1)—Sn(2") 32993 (9)
Sn(2)—Sn(1¥) 31161 (9) Sn(2)—Sn(2%) 36189 (9)
Sn(2)—Sn(2%)  3-5199 (9) Sn(2)—Sn(2") 31769 (9)
V(1) —Ga—V(1’) 66-02 (4) V(1)—Ga—V(1*) 9799 (5)
V(1)—Ga—V(2) 65-32 (5) V(2 —Ga—V(2i) 46-51 (4)
V(1) —V(2—Ga 56-21 (5) V()—V(2)—Sn(l) 6248 (3)
V(I —V()—Sn(2) 5811 (4) Sn(1)—V(2)—Sn2) 7673 (2)
Sn(2)—V(2)—Sn(2") 67-20 (3) Sn(2")—V(2)—Sn(2) 7821 (4)
Sn(—V(1)—Sn(2)  76:00 (4) Sn(1)—V(1)—Sn(1%) 8107 (4)
Sn(1%—V(1)—Sn(2)  69-08 (5)

Symmetry code: none x, y, z; (i) —x, —y, —z; (ii)%—x, ¥, 1+z
(i) 1+ x,3—y, z;((Vi+tx, 1=y i—-zV1—-x 31—y 31—z

794 unique reflections. (A4/0)max = 0-21. Maximum
and minimum electron density in final difference
Fourier map were +3e A~3. Isotropic secondary-
extinction coefficient g, was refined to 0-10(2)
x 1078 Neutral atomic scattering factors with
correction for anomalous dispersion were taken
from International Tables for X-ray Crystallography
(1974). All calculations were performed with the use
of the least-squares program RFINE?2 (Finger, 1969)
on a HITAC M680H computer of the University of
Tokyo. '

Discussion. Table 1 gives the final atomic coordinates
and Table 2 the interatomic distances and selected
angles.* The projection of the structure along the ¢
axis is illustrated in Fig. 1.

The structure is basically composed of two kinds
of atom bands which spread two-dimensionally per-
pendicular to the b axis. One of them consists of

* Lists of structure factors and anisotropic temperature factors
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 52687 (6 pp.).
Copies may be obtained through The Technical Editor, Interna-
tional Union of Crystallography, 5 Abbey Square, Chester CHI
2HU, England.

V,Sn,Ga

(GaV,)., clusters while the other consists only of Sn
atoms. These two bands alternate along the b axis.
The basic unit of the (GaV,). band is the GaV;
pentagon which is formed by five V atoms at the
apices of the pentagon and one Ga atom at the
center. The Ga—V distances inside the pentagon
range from 2:591 to 2:688 A and are remarkably
shorter than the others (average 3-120 A), indicating
relatively strong interactions between Ga and V
atoms. These GaV; pentagons connect to each other
in a zigzag manner by sharing edges to form the
two-dimensionally spread (GaV,). band. In the Sn
region, the distance Sn(1)—Sn(2") [also Sn(2)—
Sn(1")] is shorter than the other Sn—Sn distances.
Thus, these four Sn atoms make a deformed Sn,
tetrahedron and this may be regarded as the geomet-
rical basic unit of the band. Each tetrahedron is
linked to two neighbors by sharing edges to form an
(Sny).. column running along the ¢ axis. These
columns are connected to each other via Sn(2)}—

15 s

Fig. 1. Projection of the crystal structure of V,Sn,Ga along the ¢
axis (two unit cells). Atom key: open circles V, filled circles Ga,
shaded circles Sn. Numbers correspond to z parameters.
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Sn(2") bridges to form the two-dimensional zigzag
(Sn4) . atom band.

The structure of V,Sn,Ga described above is quite
different from those of two other Va-Sn—-Ga (Va=
Ta, Nb, V) ternary compounds, TasSnGa, (Ye,
Horiuchi, Shishido, Ukei & Fukuda, 1990) and
NbsSn,Ga (Ukei et al., 1989). This can explain their
different physical properties. One of the common
points among the structures of Va—Sn—Ga com-
pounds is the coordination of Va atoms which form
characteristic ‘columns’ or ‘bands’ such as
(Ga,Tag) ., (Ga,Nbg), and (GaV,), in the struc-
tures. Sn atoms always play a role of filling those
columns or bands.

For convenience of description, we have described
the structure as if the specimen used for the structure
analysis were V,Sn,Ga. In fact, scanning electron
microscopic energy-dispersive spectroscopic analysis
of the specimen showed the chemical composition to
be V,65n,4,Ga and this result has been previously
reported as a chemical formula of VSniGa; (Ye,
Horiuchi, Shishido, Toyota, Ukei, Sasaki & Fukuda,
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1990). This compound is considered to be one where
4% V and Sn of V,Sn,Ga are substituted by Ga

atoms. Therefore, the compound is essentially
V,Sn,Ga.
We thank Professor M. Tokonami for his

encouragement, and also Professor K. Hiraga and
Dr K. Ukei for valuable discussions.

References

FINGER, L. W. (1969). Carnegie Inst. Washington Yearb. 67,
216-217.

International Tables for X-ray Crystallography (1974). Vol. IV.
Birmingham: Kynoch Press. (Present distributor Kluwer
Academic Publishers, Dordrecht.)

SHisHIDO, T., YE, J., ToyoTA, N., UKEI, K., SAsAkI, T., HORIUCHI,
H. & Fukupa, T. (1989). Jpn. J. Appl. Phys. 28, 1519-1520.
UkEl, K., SHisHIDO, T. & Fukupa, T. (1989). Acta Cryst. C45,

349-350.

YE, J., HoriucHl, H., SuisHipo, T., Tovota, N., UkEel, K.,
Sasaki, T. & Fukupa, T. (1990). J. Cryst. Growth, 99, 969-974.

YE, J., HoriucHi, H., SHisHiDo, T., UkEl, K. & Fukupa, T.
(1990). Acta Cryst. C46, 1193-1195.

Structure of Gadolinium Monosilicide

By D. A. NAGAKI AND A. SIMON*

Max-Planck-Institut fiir Festkorperforschung, Heisenbergstrasse 1, D-7000 Stuttgart 80,
Federal Republic of Germany

(Received 1 August 1989; accepted 16 October 1989)

Abstract. Single crystals of GdSi grown in an iodide

flux. M,=185-34, orthorhombic, Pnma, a=
7973(3), b=3858(2), c¢=5753@2)A, V=
1770 (1) A3, Z=4, D,=695gcm™3, A=
071069 A, u =386mm™!, FO000)=3119, T=

295 K, R =0-0295, wR = 0-0292 for 279 independent
reflections with F, > 3o(F,). The compound has FeB-
type structure. The Gd—Gd interatomic distances
range from 3-643 (1) to 4281 (1) A. The Si atom has
seven Gd neighbors forming a capped trigonal prism
at distances 2-985(2) to 3-158(2) A and two Si
neighbors, both at a distance of 2:490 (3) A. The
Si—Si—Si angle is 1016 (2)°.

Introduction. New ternary halide silicides, Gd,IsSi
and Gd;I;Si, can be prepared by reaction of GdlIs,
Gd and Si (Nagaki, Simon & Borrmann, 1989). The
products were normally multiphasic and vigorously

* To whom all correspondence should be addressed.
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decomposed by water. Black malleable needles were
found in the residue which were stable in air and
showed no visible reactivity with H,O over a period
of hours. The crystals were identified as GdSi via
Guinier films followed by a single-crystal investiga-
tion. We report on this investigation for two reasons.
First, the structure is not known in detail. Second,
iodide fluxes could serve as a valuable tool to grow
crystals of binary rare-earth metal silicides at low
temperature.

Experimental. Black ribbon-like crystals of GdSi
were obtained by heating a mixture of Gd, GdI; and
Si (mole ratio 7:5:3) in sealed Ta ampoules at 1273 K
for 14 d, by-products besides Gd,IsSi were unreacted
Gd and Gdl; and GdOI. Single-crystal data were
measured from a suitable single crystal which had
the dimensions 0-40 x 0-10 x 0-02mm and was
mounted in a 0-3 mm glass capillary. Enraf-Nonius
CAD-4 diffractometer, graphite-monochromated
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