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Some chromium(ll) complexes of urea (ur),
methylurea (mur), and biuret (bi) have been isolated.
These are Criur),X,, Crimur)sX,, where X = C] or
Br, Cr(bi),Cly, and Crfur),Cl,. All except the last
compound, which is antiferromagnetic and halide-
bridged, are high-spin. The reflectance spectra
indicate trans-octahedral structures, with oxygen
coordination which is confirmed by the infrared
spectra. The far infrared spectra are complicated by
ligand absorptions but, where the chloride and bromi-
de were available, no halide-dependent bands were
detected near 300 cm and this suggests that the
halide ions are along the elongated tetragonal axis.
X-ray powder data show that Cr(bi),Cl, is iso-
morphous with Cu(bi),Cl, which is known to have a
trans Structure with “long” Cu—Cl bonds and oxygen-
donor biuret.

Introduction

Known complexes of chromium(I) with neutral
oxygen-donor ligands are the hydrated salts [1], and
various complexes of some phosphine oxides [2],
triphenylarsine oxide [3], dimethylsulphoxide [4],
and tetrahydrofuran [5]. The preparation and
investigation of complexes of bivalent chromium with
the neutral oxygen-donor ligands urea (ur), N-methyl-
urea (mur), and biuret (bi) are reported here.

Results and Discussion

Magnetism

The magnetic results are shown in Tables I and II.
The tetrakis (urea) complexes and Cr(bi),Cl, obeyed
the Curie law over the temperature range investigated,
and have temperature-independent magnetic
moments slightly below the spin-only value (4.90
B.M.) for high-spin chromium(II). The absence of
antiferromagnetic interaction suggests that the com-
plexes are monomeric and, in agreement with the
formulae, six-coordinate. Biuret is presumably biden-
tate in Cr(bi),Cl,.

Dichlorobis(urea) chromium(II) has a room tempe-
rature magnetic moment (Table II) below the spin-

only value which decreased with decreasing tempera-
ture, but the Curie—Weiss law was not obeyed. The
graph showing the variation of the reciprocal of the
atomic susceptibility with temperature curves
upwards at low temperature typical of a compound in
which antiferromagnetic interaction is present. This
compound is therefore likely to have a chloride-bridg:
ed polymeric structure.

Reflectance Spectra

The reflectance spectra are shown in Table 1. The
spectra of all the urea, methylurea and biuret com-
plexes resemble those usually found for tetragonally
distorted chromium(Il) compounds [6]. At low
temperatures two or even three bands are resolved
in some of the spectra, indicating that lower sym-
metry fields than tetragonal (Dsy,) may be present.
Several of these compounds exhibit weak, sharp
bands between 15,000 and 30,000 cm™}, particular-
ly at liquid nitrogen temperatures. Such bands are
often observed in the spectra of chromium(II) com-
pounds when charge transfer bands do not obscure
this region, and are attributed to spin-forbidden tran-
sitions to triplet states. The bands are especially
obvious in the spectrum of Cr(ur),Cl, presumably
because of enhancement through the antiferro-
magnetic interaction,

Infrared Spectra

Infrared data have been used by Penland et al.
[7] to determine whether urea or substituted ureas
are coordinated through oxygen or nitrogen. A
decrease in the N—H stretching frequency of the com-
plex compared to the free ligand is considered to indi-
cate N-coordination, while a decrease in the C-O
stretching frequency and an increase in the C-N
stretching frequency indicate O-coordination. The
reduction in N—H stretching frequencies on N-coordi-
nation was found to be of the order of 100 cm™ .
For the C—O and C-N stretching frequencies, shifts
of 5-50 cm™! were found according to the mode of
coordination.

For the urea, methylurea, and biuret complexes
described in this paper, although the solids often did
not mull well, the infrared data indicate that metal—
oxygen coordination only is present. In the N-H
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& TABLE II. Magnetic Data for Cr(ur),;Cl,.
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TABLE 111, X-ray Powder Data.

Ohki g I* Ohk dnxi Ly
(degree) (R) (degree) ()
Cu(bi), Cl, Cr(bi), Cl,
6.38 694 S 6.43 6.89 S
7.66 578 S 7.60 5.83 S
8.25 537 S 8.18 5.42 S
8.81 503 W 8.84 5.02 w
9.36 474 M 9.21 4.82 \'Ad
10.05 442 M 9.91 448 M
11.09 4.01 w 10.98 4.05 VVwW
11.54 38 W 11.75 3.79 \'A
12.23 364 S 12.16 3.66 S
12.71 3.50 vVvw - - -
13.43 332 VW - - -
13.95 3.20 VS 14.08 3.17 Vs
14.39 310 S 14.73 3.03 S

3Relative intensities were estimated visually.

medium band at 315 cm™! but this is unlikely to be
due to a short #/Cr—Cl) vibration because the bromi-
de exhibits a band nearby at 328 cm™. Similarly,
there are bands at 321 cm™ and near 200 c¢cm !
in the spectrum of Cr(mur),Cl, which are not found
for Cr(mur),Br,, but definite assignments cannot be
made because of the complexity of the spectra. The
analogous methylpyridine complexes [6], Cr(mepy)s-
X;, showed no halogen-dependent bands above 200
cm™! so that in Crl,X, complexes the halide ions are
likely to be along the elongated tetragonal axis. The
copper(II) complex of biuret Cu(bi),Cl, is known
from X-ray investigations [9] to have a frans-structu-
re with O-donor biuret and long Cu—Cl bonds which
do not absorb above 200 cm™*. As X-ray powder data
(Table III) show the complexes Cu(bi),Cl, and
Cr(bi),Cl, to be isomorphous the latter can be assign-
ed the same tetragonally-elongated six coordinate
structure.

Experimental

Solid hydrated chromium(II) halides were prepar-
ed by the dissolution of spectroscopically pure
chromium pellets in AnalaR acids under nitrogen,
as described previously [1]. The manipulation
of all compounds of chromium(Il) was carried
out under nitrogen or vacuum. Physical measure-
ments were carried out as described in the preced-
ing paper.

The complexes Cr(ur),Cl,, Cr(ur)4Cl,;, Cr(ur),-
Bry, and Cr(bi),Cl, crystallised when a solution of
the ligand in ethanol was added to a solution of the
hydrated chromium(II) halide in ethanol (an ethanol/
2,2-dimethoxypropane mixture in the case of Cr-
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(ur)sCl,). After filtration, the solids were washed
with ethanol and dried by pumping on them for
several hours at room temperature except for the
biuret complex which was dried at 90 °C.

The complexes of methylurea would not crys-
tallise from ethanol as this solvent is apparently
too powerful a donor. It was also necessary to remove
the water of crystallisation from the hydrated
chromium(Il) halides. This was done by dissolv-
ing the halides in a mixture of acetone and 2,2-
dimethoxypropane. The methanol produced by
reaction of the latter with the water of crystallisa-
tion did not prevent the crystallisation of the com-
plexes. When a solution of methylurea in acetone
was added to an “acetone” solution of chromium-
(II) chloride a viscous blue oil formed immediately.
The complex Cr(mur),Cl, crystallised on vigorous
shaking. It was filtered off, washed with acetone, and
dried at 90 °C. The corresponding bromide was
similarly obtained, but it did not form an oil and
was dried at room temperature,

Four further compounds, apparently of com-
position Cr(mur),Cl,, Cr(bi),Br;, Cr(ur),Br, and
Cr(ur)4I,, were obtained, the last two by addition
of ethyl acetate to concentrated reaction mixtures,
but although analyses for chromium and halide were
satisfactory, the microanalyses were several per
cent in error.

Attempts to prepare complexes of methylurea
with chromium(II) iodide, and complexes of NN'-
diphenylurea with chromium(Il) chloride, bromide,
and iodide were unsuccessful. Copper(II) forms com-
plexes in which anionic biuret is coordinated via
nitrogen [8], but when biuret in alkaline solution
was added to an aqueous solution of chromium-
(IT) chloride, immediate oxidation of the chromium-
(I) occurred.
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