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Fig. 3. All possible distances between the 0(4) and 0(2) atoms (A). 
Standard deviations vary between 0.01 and 0.02 A. All possible 
sites for 0(4) are shown but only half of them are occupied. The 
y axis is horizontal and the x axis is vertical. 

octahedron six selenate groups as shown in Fig. 2, and 
together they form the layer. Layers are connected 
together through 0(2) and 0(4) by hydrogen bonds. 

There are two distances between 0(2) and O(4), 
2.61 and 2.73 A. Probably the distance of 2.61 A 
represents a hydrogen bond from Se-OH to H20 
fixing the position of 0(4) nearer to the protonated 
selenate group. 

The possible sites of the O atom 0(4) form a 
rectangle, but only half of the sites are occupied. 

Oxygen atoms 0(4) must be at opposite corners of the 
rectangle owing to the 0 ( 4 ) - 0 ( 4 ' )  distances: 1.02 and 
2.18 A are too short, but the diagonal 2.41 A is 
acceptable. Since there are two possible diagonals, 
there are two possible orientations for oxygen atoms 
0(4) (Fig. 3). 
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Abstract. Mo(CH3CSz)4, monoclinic, P2/c; a = 
9.616(2), b = 8.706(3), c = 12.539 (4) A, fl = 
126.47 (2)°; Z = 2, D m = 1.83, D e = 1.81 g cm -3. 
1503 diffractometer data (Mo Ktt radiation) were used 
for solution and for refinement to an R value of 0.032. 
The structure consists of discrete Mo(CH3CS2) 4 
molecules and the [MoS s] chromophore can be 
described as a triangular dodecahedron (isomer 

mmmm), significantly distorted toward a square anti- 
prism (isomer ssss). 

Introduction. A crystal of dimensions 0.25 x 0.8 x 0.6 
mm was used to collect intensities on a Syntex P21 
diffractometer, equipped with a graphite mono- 
chromator and a Mo X-ray tube (Ka, 2 = 0.71073/~). 
The lattice constants and the orientation matrix were 
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refined by a least-squares method, using 15 reflections 
(21 < 20 < 32°). The intensities were measured using a 
0 -20  scan method and variable scan speed, up to a 20 
maximum of 55 ° . Three standard reflections were 
measured every 100 reflections. No significant fluc- 
tuation in standard reflections was observed. 2178 
reflections were collected; 1503 were unique and had I 
> 3a(I) .  Lorentz and polarization corrections were 
applied. 

The structure was solved by Patterson and Fourier 
techniques and refined by a full-matrix least-squares 
method, with anisotropic thermal parameters for all 
non-hydrogen atoms. The final R was 0-032 and shifts in 
atomic parameters were <0.080.  Fractional coordi- 
nates of the nine crystallographically independent atoms 
are listed in Table 1; bond lengths and angles within the 
molecule are given in Table 2.* 

Discussion. Structural studies of  eight-coordinate metal 
complexes with S bidentate ligands show (Bonamico, 
Dessy, Fares & Scaramuzza, 1975) that the inter- 
ligand repulsions are the main energy term determining 
the shape of the coordination polyhedra for chromo- 
phores [MSs] , whenever the normalized bite of the 
ligand (ratio of intraligand S - S  distance to the mean 
meta l - l igand  distance) is about 1.10 (Blight & Kepert, 
1972). However, for metals with the dx2_y2 orbital filled 
or half-filled, and coordinated by ligands with high 
delocalization of the zc-electron density (such as Mo w 
and V w dithiobenzoates) a further stabilization of the 
observed dodecahedra may be induced by the d-zc 
bonding between the metal and the S atoms in the 
equatorial position (Piovesana & Sestili, 19 74). 

As a part of the chemical and physical study on 
eight-coordination in transition-metal ions by O. Pio- 
vesana, of Perugia University, we have undertaken 
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the structural study of the title compound and of the 
corresponding Ti Iv complex, in order to obtain further 
information on the behaviour of d 2 and d o metal ions 
with a ligand having a poor n-electron delocalization. 

The structure of the title complex consists of discrete 
Mo(CHaCSz) 4 units, with the Mo 4÷ ion on the twofold 
axis [2 ( f )  position]. The two crystallographically 
independent CHaC(:S)S-  anions have their S atoms 
roughly arranged in a square, parallel to the b axis. In 
Fig. 1 the two pseudo-squares are marked by dotted 
lines. However, the coordination polyhedron can also 

Table 2. Molecular geometry within the chemical unit, 
with estimated standard deviations in parentheses 

The primed atoms refer to the following equivalent position: 
1 -x,Y, ½-z. 

(a) Distances (A) 

Mo-S(I) 2.530 (2) S(2)-C(1) 1.671 (8) 
Mo-S(2) 2.501 (1) S(3)-C(3) 1.689 (6) 
Mo-S(3) 2.534 (1) S(4)-C(3) 1-680 (6) 
Mo-S(4) 2-499 (1) C(1)-C(2) 1.497 (9) 
S(I)-C(1) 1-678 (5) C(3)-C(4) 1.492 (7) 

(b) Angles (o) 

S(I')-Mo-S(1) 135.97 (5) S(2)-Mo-S(3) 79.55 (4) 
S(I')-Mo-S(2) 80.01 (5) S(2)-Mo-S(4) 104.16 (4) 
S(I')-Mo-S(3) 74.12 (5) S(3)-Mo-S(4) 66.69 (5) 
S(I')-Mo-S(4) 138.81 (5) Mo-S(I)-C(I) 90.2 (3) 
S(2')-Mo-S(2) 81.55 (4) Mo-S(2)-C(1) 91.4 (2) 
S(2')-Mo-S(3) 138.85 (6) Mo-S(3)-C(3) 90.7 (2) 
S(2')-Mo-S(4) 154.09 (6) Mo-S(4)-C(3) 92. I (2) 
S(3')-Mo-S(3) 135.65 (5) S(1)-C(I)-S(2) 111.5 (3) 
S(3')-Mo-S(4) 79.94 (4) S(I)-C(1)-C(2) 123.5 (6) 
S(4')-Mo-S(4) 81-88 (4) S(2)-C(I)-C(2) 125.0 (5) 
S(1)-Mo-S(2) 66.78 (6) S(3)--C(3)-S(4) 110.4 (2) 
S(I)-Mo-S(3) 123.82 (4) S(3)-C(3)-C(4) 124.3 (5) 
S(1)-Mo-S(4) 79.27 (5) S(4)-C(3)-C(4) 125.2 (5) 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 33615 (11 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

Table 1. Atomic coordinates (× 104) with estimated 
standard deviations in parentheses 

x y z 

Mo 5000 (0) 1842 (1) 2500 (0) 
S(I) 7073 (2) 753 (2) 2080 (1) 
S(2) 6779 (2) -334 (2) 4013 (1) 
S(3) 5936 (2) 2941 (1) 4707 (1) 
S(4) 7099 (1) 4010 (2) 3287 (1) 
C(I) 7732 (6) -573 (6) 3263 (5) 
C(2) 8975 (8) -1834 (7) 3562 (6) 
C(3) 7146 (5) 4282 (5) 4634 (4) 
C(4) 8088 (7) 5546 (6) 5620 (5) 

~~~ ~]_C(4 ) (:(3) S(4) o' S(4') 

Fig. 1. View of the molecule along a sin ft. The primed atoms are 
the same as in Table 2. 
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Table 3. Angles (°) relevant for  the choice o f  the co- 
ordination polyhedron: comparison of  the experimental 
values with those from hard-sphere models (HSM), 
taken from Hoard & Silverton (1963)and Pinnavaia 

et al. (1975) 

The angles 0 A and 0 A are computed respectively as ~ [S( I ' ) -Mo-  
S(3)1 and ½[S(2')-Mo-S(4)1. The intersections of the triangular 
faces giving the dihedral angles 6 are the directions S(2)-S(4) and 
S(1)-S(3). The intersections giving the dihedral angles 6' are 
S(4)-S(4'), S(2)-S(2'), S(1')-S(3) and S(3)-S(4'). 

Observed HSM 
Square 

Dodecahedron antiprism 

0 A 37.1 36.9/ 59.25 
O n 77.5 69.51 
6 17.7 29.5 0.0 
6' 50.3 39.5 52.4 

be considered as a triangular dodecahedron, with its 
pseudo-4 axis parallel to the (101) plane, at ca 135 ° 
from the a axis. The packing of the two molecules in the 
cell is shown in Fig. 2. It may be noted that they are not 
simply related by a translation of ~c,1 but also reversed 
with respect to the y direction. Although the molecules 
of the adjacent unit cells are not drawn, the complete 
intermolecular-distances calculation gave the following 
results: the shortest S . . .  S distance is 3.70 A, shown in 
the diagram, the others being >4.1 A; the S . . . C  
distances are >3.8 A and the C . . . C  distances are 
>3.7 A. 

The coordination polyhedron of the structure re- 
quires the following geometrical parameters for a 
correct description: (i) the angles 0 A and 0 n, according 
to the usual notation (Hoard & Silverton, 1963), (ii) the 
trapezoidal least-squares planes for the supposed 
dodecahedron and the dihedral angle between them, 
with the mean displacement d r of the S atoms from 
these planes (Lippard & Russ, 1968), (iii) the least- 
squares planes of the 'squares' with the corresponding 
mean displacement d s, (iv) the dihedral angles 6 and 6', 
the first calculated between the triangular faces whose 
intersections give the diagonals of the 'squares', the 
second between the lateral triangular faces of the 
supposed square antiprism (Muetterties & Guggen- 
berger, 1974; Pinnavaia, Barnett, Podolsky & 
Tulinsky, 1975). Tables 3 and 4 list the results of these 
calculations. The angles 0 A and O n and the distances 
Mo-SA, M o - S  n have usual values for a dodecahedron 
with the R-C( :S )S -  groups along m edges, but the d r 
displacements, together with 6 and 6' average values, 
show a considerable distortion towards the square anti- 
prism (isomer ssss); also the d s displacements are rela- 
tively small. 

A similar intermediate structure of tetrakis(N,N- 
diethyldithiocarbamato)molybdenum(IV), described as 
a distorted square antiprismatic llss isomer (van der 
Aalsvoort & Beurskens, 1974), seems to support the 

Table 4. Least-squares planes of  the dodecahedron 
trapezoid and of  the square antiprism base, with related 
distances d T and d s (A) fo r  the atoms defining the 

planes 

The primed atoms are the same as in Table 2. 

Plane T: S(1), S(2), Mo, S(3'), S(4') 
4.63x + 5.88y + 2.04z - 3.91 = 0 
dr: S(1) 0.23, S(2)0.15, Mo 0.00 

Dihedral angle between the two symmetry-related trapezoids: 86.0 °. 

Plane S: S(I), S(2), S(3), S(4) 
6.30x + 2.732 - 5.20 = 0 
ds: S(1) O-17, S(2) -0- 17, S(3) O. 17, S(4) -0.17 

tentative rationalization by Piovesana & Sestili (1974), 
but the virtually perfect dodecahedron of tetrakis- 
(N,N-diethyldithiocarbamato)titanium (IV) (Colapietro, 
Vaciago, Bradley, Hursthouse & Rendall, 1972), a d o 
ion, has no consistent explanation. The crystallo- 
graphic study of titanium dithioacetate would be helpful 
in clarifying this point. 

Fig. 2. The unit cell viewed along [0101. The dotted lines mark the 
shortest S . . .  S contacts. 

Thanks are due to Mr A. Maltese for technical 
assistance. 
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Abstract. CaH3N204SK.H20,  monoclinic, Cm, a = 
9.3743 (3), b = 15.7092 (6), c = 5.3693 (1) A, fl = 
104.47 (2) °, Z = 4, V = 765.61 (3) A 3, M r = 220.2, 
D x = 1.91 g cm -3. The structure was solved by 
Patterson and Fourier syntheses and refined by least- 
squares methods to R = 0.024 for 1145 observed 
reflections. In the unit cell there are two K cations, eight 
and seven coordinating respectively. The thiadiazine 
ring has a flattened boat conformation. 

Introduction. This compound, K +.C3H3N204S-.  H20 
(I), is one of a series of  S-dioxo analogues of uracil and 
barbituric acid (Ochoa & Stud, 1978). The structure 
has been determined to eliminate doubts about its 
conformation. 

07 
II 

.C3 H 

HN~ / ~ c f  

~ S l  C5 K ' .  H20 

off" ~N~ 7 ~o, 
(I) 

Intensity data were collected from a crystal of 
dimensions 0.21 × 0.11 × 0-29 mm on a Philips PW 
1100 four-circle diffractometer, with graphite-mono- 
chromated Mo Kct radiation (2 = 0.7107 A). The o9--20 
scan technique was employed. Of  the 1166 independent 
reflections, 1145 had I > 2a(I). Lorentz, polarization 
and absorption corrections were applied (/t = 9.38 
cm-l) .  The statistical distribution of intensities tended 
to eliminate the centrosymmetric space group C2/m; 
the concentration of peaks only in the Harker sections 
(0,v,0) and (½,v,0) and the subsequent structure 
solution confirmed space group Cm. The structure was 

solved by Patterson and Fourier syntheses and refined 
by full-matrix least-squares calculations. H atoms were 
found in a difference map and included in the final 
refinement. The weighting scheme was: w = 
K/I f(Fo)12 f ( S ) w i t h  f ( F o ) = 0 . 5 3  - 0.03Fo for F o < 
25 and f (Fo)  = 0-83 - 0 . 0 3 F  o otherwise and f ( S )  = 
12.01 - 52.61S + 61.72S 2 for S < 0.48 a n d f ( S )  = 
10.58 - 34 .30S  + 29-67S 2 otherwise, with K = 0.586 
and S = sin 0/2. Both R and R w for the observed 
reflections were 0-024, where Rw = (~  wA2/ 

WlFol2) 1/2. There were no peaks larger than 0.42 e 
A -3 in the final difference map. Table 1 lists the 
fractional coordinates.* Scattering factors were taken 
from International Tables f o r  X-ray Crystallography 
(1974). 

Discussion. Table 2 contains the main molecular 
parameters. Distances and angles in the ring are 
consistent with values reported for other thiadiazine 
rings, e.g. Foces-Foces, Cano & Garcia-Blanco 
(1975a, b); Smith-Verdier, Florencio & Garcia- 
Blanco (1977); Cabezuelo, Cano, Foces-Foces & 
Garcia-Blanco (1977); Foces-Foces, Smith-Verdier, 
Florencio-Sabat~ & Garcia-Blanco (1975). The pack- 
ing and the numbering are illustrated in Fig. 1, which 
shows that the cations have two different geometrical 
environments, making use of atoms in symmetry- 
related molecules. The K(1) cation is surrounded by 
eight atoms which form a distorted mm (C2v) hendeca- 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 33639 (7 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 


