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Bis(tetramethylurea)dichloro-oxovanadium@V), VOCIy(CsH12N20),, crystallizes in a monoclinic lattice,
space group C2/c (Z=4) with cell dimensions a=18:57+0-02, 6=7-87+0-01, c=13-34+0:01 A; B=
113-5+0-4°. The crystal structure has been determined by three-dimensional Patterson and Fourier techni-
ques. Refinement of the atomic parameters employing the full-matrix least-squares method led to a final
R index of 0-099. The vanadium atom is pentacoordinated with the following metal-to-ligand bond lengths:
V-Cl, 2:340+0-005; V=0, 1:61 +£0-03 and V-0, 2:00+0-02 A.

Oxovanadium(IV) is known to form five-coordinated com-
plexes with the V=0 bond essentially a double bond (Sel-
bin & Holmes, 1962). The compound bis(tetramethylurea)-
dichloro-oxovanadium(IV), VOCIx(CsH;;N,0),, displays
pentacoordination of the square pyramidal type.

The dark blue crystals of VOCI(CsH1>N>0), are mono-
clinic with space group C2/c (systematic absences: hk/ for
h+k #2n, hOl for I #n). Measurements made on oscillation,
Weissenberg and precession photographs gave the follow-
ing unit-cell dimensions:

a=1857+0:02, b=7-87+0:01, c=13-34+001 A,
p=113-510-4°.

The crystal density measured by flotation is 1:40 g.cm-3
while the calculated density based on 4 molecules per unit
cell is 1-38 g.cm~3. A total of 558 independent reflexions
were recorded with rotation about the b axis (k=0 to 4)
using the multiple-film, equi-inclination Weissenberg tech-
nique with Cu Ka radiation. A calibrated strip was used for
the intensity measurements. Since the crystal shape was
spherical (diameter ~0-25 mm) absorption corrections
were made according to International Tables for X-ray
Crystallography (1962). The standard Lorentz and polariza-
tion corrections were applied.

With the space group C2/c having eight general positions
and there being four molecules of VOCIx(CsH;2N-0); in
the unit cell, the four V=0 groups are required to lic on

twofold axes. The trial structure followed from three-
dimensional Patterson and Fourier syntheses. Refinement
of the atomic parameters was carried out using a full-
matrix least-squares program (Busing, Martin & Levy,
1962). By including only the observed reflexions (Dunning
& Vand, 1969) in the refinement with equal weighting and
isotropic thermal parameters for all the atoms, the final R
index (R=73 ||Fol— |F:l|/, |Fol) was reduced to 0-099. Table
1 lists the refined atomic parameters. Interatomic distances
and bond angles were calculated with the aid of the program
ORFFE (Busing, Martin & Levy, 1964). These quantities
are summarized in Table 2. The observed and calculated
structure factors are given in Table 3.

Fig.1 shows a view of the molecule and the atomic
numbering used. The square pyramidal arrangement of the
ligands about the central vanadium atom involves the two
chlorine and two oxygen atoms at the base and the third
oxygen atom at the apex. The least-squares plane through
the four atoms forming the base of the square pyramid is
given by the equation

0-01855 X+0-9996 Y—0-02 173 Z=1-9552*%
and shows them to be coplanar to within +0-015 A. Good
agreement exists between the bond lengths obtained for the

* X, Y and Z are the orthogonalized axes with X in the
direction of a and Y in the plane of a and b.

Table 1. Refined atomic parameters (fractional coordinates and isotropic temperature factors)

Standard deviations are given in parentheses.

\% 0-00 0-1862 (8) 0-25 477 (12)
cl 0-1280 (2) 0-2668 (8) 0-2783 (4) 5-83 (14)
o(1) 0-00 —0-0188 (4) 0-25 8-24 (62)
o) 0-0287 (6) 0-2501 (17) 0-4063 (8) 572 (30)
N(1) 0-1311 (8) 02045 (27) 0-5702 (12) 7-27 (42)
N(2) 0-1055 (8) 0-4762 (26) 0-4878 (11) 6-06 (39)
C(1) 0-0886 (9) 0-3132 (32) 0-4856 (13) 5-13 (42)
Q) © 01236 (13) 0-0183 (39) 0-5547 (18) 9-34 (70)
C(3) 0-1661 (10) 0-2678 (30) 0-6878 (15) 7-35 (54)
C(4) 0-0496 (10) 0-5988 (30) 0-4085 (14) 667 (52)
C(5) 0-1890 (10) 0-5378 (31) 0-5430 (14) 7-37 (56)
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V=0 and V-O distances, viz. 1-61+0-03 and 2-00+0-02 A
respectively, and the corresponding literature values, viz.
(1-56-1-65) +0-03 and 1-97+0-01 A respectively (Selbin,
1965; Dodge, Templeton & Zalkin, 1961). The bond length
for V~Cl is 2:340 + 0-005 A. This value is significantly larger
than the V-CI lengths in VCI;[N(CH3);] of 2-241 + 0-004
and 2:236+0-005 A reported by Greene & Orioli (1969)
and that in VOCI,{N(CH3)s] of 2:250+0-005 A of Drake,
Vekris & Wood (1968). In these two molecules, however,
we find an example of trigonal bipyramidal hybridization
of the vanadium atom with the chlorine atoms bonded to
the somewhat shorter equatorial hybrid orbitals compared
with the four equivalent basal orbitals of the square pyra-
mid.

The least-squares plane through C(1), O(2), N(1) and
N(2) is given by

0-8539 X—0-2101 Y—0-4761 Z= —4-1644

and indicates these atoms to be planar to within +0-018 A.
Slightly twisted out of this plane are the four methyl carbon
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atoms C(2), C(3), C(4) and C(5), which show perpendicular
ceviations of 0-34, —0-77, —0-27 and 0-64 A respectively.
The closest approach of two vanadium atoms is 7-28
and these are in molecules which are related by a centre of
symmetry. The shortest intermolecular contact distance of
3-58 A is of the van der Waals type and occurs between
C(4) and O(1) where the latter atom is in the molecule
related to the parent molecule by a unit-cell translation in
the b direction.

This analysis was undertaken at the request of Professor
J.G.H. du Preez of the University of Port Elizabeth, who
also provided the crystals.
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Table 2. Interatomic distances (A) and angles (°)

Standard deviations are given in parentheses.

Bond Distance
V-Cl 2340 (5) A
V-0(1) 1-61 (3)
V-0(2) 2:00 (2)

Ccl ---Cl 4505 (9)
02):--0(2) 387 (2)
C(1)-0(2) 129 (2)

Bond Angle
Cl-—Vv-CI 1486 (3)°
O(1)-V-0(2) 104:6 (4)
0(2)-V-0(2) 150-7 (5)
o(1)-v-Cl1 1057 (2)
0(2)-V-Cl 861 (4)
C(1)-0Q2)-V 137-4 (1-0)
O(2)-C(1)-N(1) 117-1 (2-1)
0O(2)-C(1)-N(2) 120-8 (1-8)

Bond Distance
C(1)-N(1) 1-38 (3) A
C(1)-N(2) 1-32 (3)
N(1)-C(2) 1-48 (3)
N(1)-C(3) 1-52 (3)
N)-C4) 1-50 (2)
N(2)-C(5) 1-51 (2)

Bond Angle
N(1)-C(1)-N(2) 122:0 (1-8)°
C(1)-N(1)-C(2) 1204 (1-9)
C(1)-N(1)-C(3) 1205 (2-0)
C(1)-N(2)-C(4) 121-2 (1-6)
C(1)-N(@2)-C(5) 120-9 (1:7)
C(2)-N(1)-C(3) 1165 (1:8)
C(3)-N2)-C(4) 1152 (1-7)

Fig.1. Molecular geometry and atomic numbering.
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Table 3. Observed and calculated structure factors

The columns are 4, I, Fovs X 10 and Feate X 10. -
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