
F. LUCAS et al. 1743 

wR = 0.038 
S = 1.95 
1789 reflections 
119 parameters 
w = l/cr2(F) 
(m/O')max = 0.0053 
Apmax = 0.9 e A -3 
Apmin = --0.7 e A, -3 

Extinction coefficient: 
1.17 (4) × 10 -6  

Scattering factors from 
International Tables for 
X-ray Crystallography 
(Vol. IV) 

Table 1. Selected geometric parameters (.4, o) 
Ba( 1)---O(13 ~) 2.641 (2) Mg---O( 11 ~x ) 2.046(3) 
Ba(I)---O(I 2 ii) 2.702 (2) Mg---O(21) 2.048 (2) 
Ba( I )---0(22 ii' ) 2.703 (2) Mg---O(23") 2.059 (2) 
Ba(1)---O(22) 2.732 (2) Mg--O(14 x) 2.061 (2) 
Ba(1)--O(24 iv) 2.823 (3) Mg--O(I 3) 2.084 (3) 
Ba(I)---O(I I") 2.917(3) Mg---O(12) 2.390(3) 
Ba(I)---O(14 v) 2.952 (2) P(I)--O(12) 1.512 (2) 
Ba( I )---O(23 m ) 3.114(3) P(I)--O(I I) 1.513(2) 
Ba(2)---O(12) 2.731 (3) P(I)--O(13) 1.534(2) 
Ba(2)--O(21 v' ) 2.732(2) P(I )---O(14) 1.552(2) 
Ba(2)---O(23) 2.733 (3) P(2)---O(21) 1.515 (2) 
Ba(2)---O(13 v') 2.747 (2) P(2)---O(22) 1.517 (2) 
Ba(2)--O(14) 2.776 (2) P(2)---O(23) 1.545 (2) 
Ba(2)---O(24 TM) 2.789 (2) P(2)--O(24) 1.549 (2) 
Ba(2)---O(24 TM) 2.898 (2) 

O( 1 liX)--Mg---O(21 ) 173.88(9) O(21 )--Mg---O(12) 88.01 (8) 
O(1 l'X)--Mg~O(23" ) 85.98 (8) O(2311)--Mg~(14 x) 112.27 (8) 
O(1 l'X)--Mg--O(14 x ) 89.44(8) O(23,)--Mg---O( t 3) 99.03(8) 
O(11'X)--Mg---O(13) 86.27 (8) O(23")--Mg---O(12) 164.35 (7) 
O( I liX)---Mg--O(12) 95.34(8) O( 14X)--Mg----O(13) 148.02(8) 
O(21 )--Mg~O(23 i') 89.42 (8) O(14~)--Mg--O(I 2) 83.35 (8) 
O(21 )--Mg--43( 14 ~ ) 96.04(8) O(I 3)---Mg--O(I 2) 65.56(7) 
0(21 )---Mg--O(13) 90.48 (8) 

Symmetry codes: (i) x - ½, ½ - y ,z  - ½; (ii) ½ - x ,y  - ½, ½ - z; 
(iii) l - x, l - y, -z ;  (iv) - x ,  1 - y , - z ; ( v )  ~ - x , y -  ½ , ½ - z ; ( v i )  
3 _ x ,  ½ + y ,  ½ - z;(vii)  ½ - x ,  ½ + y ,  ½ - z;(viii) 1 + x, y, z; (ix) 
i - x , l  - y , l  - z ; ( x )  x -  1,y,z. 

Program(s) used to solve structure: MULTAN88 (Debaerde- 
maeker et al., 1988). Program(s) used to refine structure: 
ORXFLS (Busing, 1971, locally modified by P. Laruelle). 
Molecular graphics: ORTEPIII (Burkett & Johnson, 1996); 
MOLVIEW (Cense, 1990). Geometric calculations: ORFFE 
(Busing, Martin & Levy, 1964). 
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Abstract 

Monoctinic triniobium sulfide heptaiodide, m-Nb3SI7 ,  
was obtained by reaction of the elements in evacuated 
sealed fused silica tubes at 1105 K. The structure 
c o m p r i s e s  [Nb3SI lo]  3 -  clusters containing Nb triangles 
bicapped by /.z3-I and #3-S atoms. The clusters are 
linked by terminal I atoms to form dimeric units with 
a crystallographic center of symmetry. These dimeric 
units are cross-linked by the remaining terminal I atoms 
to form a novel two-dimensional structure. 

The authors thank A. Mazurier (Laboratoire de 
Physique de la Facult6 des Sciences pharmaceutiques 
et biologiques, Universit6 Ren6 Descartes, Paris) for in- 
tensity data collection. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: TA! 147). Services for accessing these 
data are described at the back of the journal. 
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Comment 

Triangular Nb3 cluster compounds Nb3X8 and Nb3 YX7 
(X = C1, Br, I; Y = S, Se, Te) are well known (Simon 
& yon Schnering, 1966; Furuseth, H6nle, Miller & von 
Schnering, 1988; Miller, 1995). Compounds with com- 
position Nb3SI7 show a remarkable structural diversity 
with different cluster units (Miller & Lin, 1994; Miller, 
1995). The bicapped 42 electron cluster [Nb3SI i0 ]  3 - ,  in 
contrast to the 42 electron clusters in [Nb3SI12] 5- and 
[Nb3S2111] 6 - ,  could only be stabilized in the solid state 
by co-condensation with NbI5 monomers to form a fur- 
ther two-dimensional network of composition Nb3S17.  

The title compound, monoclinic Nb3SI7 ,  which was 
discovered during our search for suitable layered mater- 
ials to investigate electronic surface structures, is built 
up exclusively from bicapped [Nb3SI l0]  3 -  clusters with 
42 electrons. The double capping by S and I atoms 
leads to marked shortening of the Nb- -Nb distances 
within the clusters [2.767 (1)-2.780 (1) A] in compari- 
son with the single-capped clusters in hexagonal Nb3SI7 
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(a) 

,) ( (Furuseth et al., 1988) and orthorhombic Nb3SI7 (Miller, 
1995) (2.995 and 2.96-3.05 ,~,, respectively). This short- 
ening corresponds to the transition from the edge- 
sharing to the face-sharing connection of the octahe- 
dral coordination polyhedra surrounding the Nb atoms. 
Except for the lower symmetry, this and the other ge- 
ometrical details of  the [Nb3SI10] 3- cluster units agree 
well with those in [Nb3SIT]2[Nbls] (Miller, 1995). 

To elucidate the arrangement of  the [Nb3SIl0] 3- 
clusters (Fig. la)  in the structure it is convenient  to see 
the six terminal I atoms with their free coordination sites 
as corners of  a formal trigonal prism (Fig. l b). Each 
prism shares one edge with another prism including a 
crystallographic center of symmetry to form dimeric 
units [(Nb3SI9)2] 4- .  These dimeric units are cross- 
l inked by the remaining corners to form a novel two- 
dimensional  structure moti f  (Fig. lc). 

(b) 

- ' b  
(c) 

Fig. 1. (a) The [Nb3SIl0] 3- cluster unit in monoclinic Nb3SIT. (b) The 
trigonal prism formed by connecting the terminal I atoms, which 
can be used to illustrate the cross-linking of the cluster units. (c) 
[001] projection of the structure of monoclinic Nb3SIT. The formal 
prisms form dimeric units via edge sharing along [100]. These units 
are cross-linked via comers to form a layered structure. 

Experimental 
Single crystals of the title compound were obtained by heating 
a mixture of the elements (molar ratio Nb:S:I = 3:1:8.5) in 
evacuated sealed fused silica tubes (V = 6 ml) at 1105 K for 
two weeks. After rapid quenching, higher niobium iodides 
were separated from the product by sublimation before the 
tubes were opened. 

Crystal data 

Nb3SI7 Mo Ka radiation 
Mr = 1199.09 ,k = 0.71069 
Monoclinic Cell parameters from 25 
P21 / c reflections 
a = 15.564(3) ,~ 0 - 10.11-19.00 ° 
b = 12.441 (2)o/~, /~ = 16.872 mm -~ 
c = 7.800 (2) A T = 293 (2) K 
/3 - 99.49 (3) ° Plate 
V = 1489.7 (5),~3 0.09 × 0.09 × 0.02 mm 
Z = 4 Metallic black 

Dx = 5.347 Mg m -3 
Dm not measured 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
o) scans  
Absorption correction: 

numerical ( SHELXTL/PC; 
Sheldrick, 1994) 
Tmi, = 0.145, Tmax = 0.515 

3588 measured reflections 
3588 independent reflections 

2955 reflections with 
I > 2o'(/) 

0max = 27.96 ° 
h = - 2 0  ---, 20 
k = 0 ---, 16 
1 = 0 ---* 10 
2 standard reflections 

frequency: 120 min 
intensity decay: none 

Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)1 = 0.031 
wR(F 2) = 0.092 
S = 1.082 
3576 reflections 

Apmax = 1.66 e ,~-3 
Apmtn = - -1 .94  e ,~-3 
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 
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101 parameters 
w = 1/[cr2(Fo 2) + (0.0401P) 2 

+ 13.9960P] 
where P = (Fo 2 + 2F~)/3 

(z~/O')max = 0.001 

Extinction coefficient: 
0.00037 (4) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 
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Fe3W3N: a Rietveld Refinement Using 
X-ray Powder Diffraction 

Table 1. Selected geometric parameters (A, o) 
lI--Nb3 2.8196(12) Nbl--Nb3 2.7801 (10) 
ll--Nbl 2.8241 (9) Nb2--S1 2.435 (2) 
II--Nb2 2.8382 (10) Nb2--Nb3 2.7671 (10) 
NbI--SI 2.420 (2) Nb3--SI 2.413 (2) 
Nb l--Nb2 2.7759 (10) 

Nb3--II--Nbl 59.02 (2) Nb3--Nb2--Nbl 60.21 (2) 
Nb3--I l--Nb2 58.56 (2) Nb3--SI--Nbl 70.23 (5) 
Nbl--II--Nb2 58.71 (2) Nb3--SI--Nb2 69.61 (5) 
Nb2--Nb l--Nb3 59.74 (2) Nb I--S l--Nb2 69.74 (6) 

The crystal quality, initial cell parameters and symmetry 
information were determined from DeJong photographs taken 
at 298 K. This was useful because the crystals show a tendency 
towards twinning. The lattice metrics (a/c = 2 with cosfl* = 
1/6) provide a geometrical condition for partial merohedric 
twinning of index 3. This leads to coincidental reciprocal 
lattice points for l = 3n (n = 0, 1, 2 .... ). For the crystal structure 
analysis an untwinned specimen was selected. Intensity data 
were processed (Keller, 1981) and corrected for absorption 
(Sheldrick, 1994). The final refinement included anisotropic 
displacement parameters and an extinction parameter. The 
largest feature in a final difference electron-density map was 
1.66 e ,~-3 at a distance of 0.81 ~, from I6. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: CAD- 
41CAD-6 (Keller, 1981). Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1985). Program(s) used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics: 
SCHAKAL92 (Keller, 1992). 

Supplementary data for this paper are available from the 1UCr 
electronic archives (Reference: JZI212). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
A new ternary nitride, triiron tritungsten nitride, has 
been synthesized by the ammonolysis of a metal-organic 
precursor. The structure, found to be face-centered cubic 
(Fd3m), was determined by powder X-ray diffraction 
and Rietveld refinement of the resulting diffraction 
pattern. The ideal structure of Fe3W3N is similar to the 
rl-carbide structure exhibited by many ternary transition 
metal carbides. 

Comment 

A growing number of new ternary transition metal- 
transition metal nitride compounds have been synthe- 
sized over the past several years. Thus far, the crystal 
structures of these compounds fall predominantly into 
one of two categories: (a) layered hexagonal or rhom- 
bohedral structures such as FeWN2 and MnMoN2 (Bem, 
Lampe-Onnerud, Olsen & zur Loye, 1996), CrWN2 
(Weil & Kumta, 1997), CoWN2 and NiWN2 (Herle, 
Vasanthacharya, Hegde & Gopalakrishnan, 1995), and 
MnWN2 (Bem, Houmes & zur Loye, 1993); and (b) 
cubic, ~-carbide-like structures such as Fe3Mo3N and 
Co3Mo3N (Houmes, B e m &  zur Loye, 1993). We have 
recently synthesized a new intermetallic tungsten nitride 
with the 77-carbide structure, Fe3W3N, which has been 
characterized by X-ray diffraction and Rietveld analysis 
(Rietveld, 1969). The results of this analysis are reported 
in this paper. 

The r/-carbide structure has been previously described 
in detail by Westgren (1933) for the stoichiometry 
TI3TII3c (where T l and T u represent two different 
transition metals) and by Kislyakova (1943) for the sto- 
ichiometry TI2TllaC. These structures have been ob- 
served for carbides, such as Fe3W3C (Westgren & 
Phragmen, 1928) and Co6Mo6C (Fraker & Stadelmaier, 
1969), and for nitrides and oxides, such as Fe2Ta4N and 
Ni2Nb40 (Holleck & Thummler, 1967). Both structural 
descriptions are derived from that for the Ti2Ni inter- 
metallic structure (Yurko, Barton & Parr, 1959) with 
the interstices at the 16c Wyckoff positions filled by C 
atoms. As shown in Fig. 1, separate clusters of T" and 
T ~ atoms in the Westgren Tl3Tll3C structure essentially 
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