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N1—Cu—02 84.79(7) N1—Cu—04 101.42(7)
0O1—Cu—N2 89.85(7) 02—Cu—04 86.12(7)
N1—Cu—N2 166.44 (7) N2—Cu—04 91.46(7)

Table 2. Hydrogen-bonding geometry A, °)

D—H--.A D—H H--.A D--.A D—H...A
04—H41. . .05 0.89 (3) 2.04(3) 2.855(3) 153 (3)
0O4—H42. . .05' 0.89(3) 1.94 (3) 2.821(3) 167 (3)
05—HS51- - -03" 0.89 (3) 1.85(3) 2.733(3) 171 (3)
O5—H52- - -01 0.89 (3) 1.89 (3) 2.757(3) 165 (3)

Symmetry codes: ()2 —x,2 —y,1 =z (i) 2 —x, { +y, L — 2

All H atoms, except water H atoms, were included at
calculated positions using SHELXL97 (Sheldrick, 1997a) and
were refined using a riding model. The Ui, value for H atoms
of CH and CH: groups were taken as 1.2U., of the parent
atoms. Atoms H41, H42, HS51 and H52 were found from
difference Fourier syntheses and refined with U, = 1.2Uy
of the water O atom; O—H distances were restrained equal.
An analytical absorption correction based on face indexing
was carried out with the following faces and distances (mm):
010 0.0385, 010 0.0385, 011 0.3465, 011 0.3850, 100 0.0192
and 100 0.1540. The fraction of unique reflections measured
to the 26 value of 51° was 99.0%.

Data collection: EXPOSE (Stoe, 1997b). Cell refinement:
CELL (Stoe, 1997a). Data reduction: INTEGRATE (Stoe,
1997¢). Program(s) used to solve structure: SHELXS97
(Sheldrick, 1997b). Program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997a). Molecular graphics: XP in
SHELXTL (Siemens, 1996a). Software used to prepare ma-
terial for publication: SHELXL97.

We kindly thank the head of the section for X-ray
diffraction, Professor Dr W. Massa, for making diffrac-
tometer time available and Madame G. Geiseler for per-
forming the measurements.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: JZ1309). Services for accessing these
data are described at the back of the journal.
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Abstract

The structure of the title compound, hexakis(urea-
O)magnesium sulfate hemihydrate, [Mg(CH4N>0)¢]-
SO4.0.5H;0, consists of a regular arrangement of
[Mg(CH4N20)6]** cations, SOF~ anions and water
molecules, held together by an extensive network of
hydrogen bonds. The Mg atoms are octahedrally coor-
dinated by urea O atoms. The N1—C—O—Mg torsion
angles are between —5.1(5) and —30.5(5)°.

Comment

Recently, the preparation and crystal structure of a new
urea adduct of magnesium sulfate, MgS0O4.4CH4N;O.-
H,O, were reported by Todorov et al. (1998a). We
have now established an adduct of higher urea con-
tent, MgS0O4.6CH4N,0.0.5H;0, (I). Formally, these are
compounds from the ternary system MgSQO;—urea~H,O.
Sulaimankoulov (1971) has studied the solubility dia-
gram of this system and reported only the compound
MgS0O,.CH4N,.3H,0. Numerous attempts to isolate this
latter compound, as well as adducts with other sulfate—
urea ratios, have been unsuccessful.

2+
_.O=C(NH,),
O=C(NH,),

(NH),C=0.

(NH,),C=0- S0%70.5H,0

(NH,),c=0" “O=C(NH,),

I

Our interest in adducts from the MgSO,-urea-H,O
systern was prompted by their presence as by-products
during the development of a novel method for the
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synthesis of the well known defoliant Mg(ClO5);.6urea,
from MgSO,, NaClO; and urea (Todorov et al., 1998b),
which improves its purity and activity. This paper
reports the crystal structure of the new adduct, MgSO,.-
6CH;N,0.0.5H,0.

The octahedral coordination of Mg atoms in (I) is
provided by the six O atoms from the six different
urea molecules. Mg—O distances fall into the typi-
cal range of 2.043(3)-2.098 (3) A. The type of coor-
dination of the urea molecules can be described with
respect to the C=0 bond directions. The values for
Mg—O—C angles [between 131.7(2) and 143.8(2)°]
are similar to those cited by Todorov et al. (1998b) for
the orientation of non-bridging urea molecules in other
adducts. The N]—C—O—Mg torsion angles, which
are a measure of the deviation of Mg—O bonds from
the plane of the urea molecule, are between —5.1(5)
and —30.5(5)°. These torsion angles can be associated
into three groups: the values of —5.1 (5) and —8.9 (5)°
show almost in-plane coordination for the Urea3 and
Urea5 molecules, respectively; moderate deviation in the
cases of Ureal, Urea6 and Urea4 is demonstrated by
the corresponding torsion angles of —15.7(5), 20.4 (5)
and 24.0 (7)°, respectively; and Urea2 is out-of-plane,
with a torsion angle of —30.5(5)°. In the case of
MgS0O4.4CH4N;0.H,0, where Mg also has an octa-
hedral coordination, but constituted by one water and
one SO4 O atom in a cis arrangement, and four urea
O atoms, the NI—C—O—Mg torsion angles fall into a
narrower range, between 1.4 (4) and —20.5 (4)°.

The S—O bonds of 1.455(3)-1.472(3) A, and the
O—S—O angles in the range 108.6(2)~111.1(2)°,

N21

Fig. 1. ORTEPII (Johnson, 1976) view of the formula unit of (I),
showing the atom-numbering scheme. Displacement ellipsoids are
drawn at the 50% probability level and H atoms are arbitrarily
reduced.
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describe the ordinary tetrahedral geometry of SO,
groups. The O atoms from the SO, tetrahedra partici-
pate as acceptors in weak hydrogen bonds only. This
fact explains the shorter S—Op,,, limit, in comparison
with the S—O,, distance to the coordinated O atom of
1.482 (2) A in MgS0,4.4CH4N,0.H,O0.

The structure of (I) can be described as a regu-
lar arrangement of isolated [Mg(CH4N-0)s]** cations,
S04~ anions and water molecules. The structural units
are held together by an extensive three-dimensional
hydrogen-bonding network. All sulfate and only three
urea O atoms (02, O4 and O5) act as acceptors of
weak hydrogen bonds of the N—H- - -O type. The water
molecule plays the role of a hydrogen bond donor to
two SO, tetrahedra, as well as an acceptor in two N—
H---OW hydrogen bonds. According to the classifica-
tion of Ferraris & Franchini-Angela (1972), this water
molecule belongs to Type E of Class 2.

Experimental

Crystals of the title compound were obtained by slow evap-
oration at room temperature of an aqueous solution of
MgS04.7H,0 and urea in the stoichiometric ratio 1:6.

Crystal data

[Mg(CHsN20)6]S04.0.5H:0 Mo Ka radiation

M, =489.7] A=071073 A
Orthorhombic Cell parameters from 22
Pccn reflections

a=15316(5 A

b =19.798 (5) A
c=14.484(2) A
V=4392(3) A
Z=38

D, =1481 Mgm™?
D,, not measured

Data collection
Enraf-Nonius CAD-4

diffractometer
w/20 scans

Absorption correction: none

4304 measured reflections

4304 independent reflections

2867 reflections with
I>20()

Refinement

Refinement on F

R = 0.050

wR = 0.063

S =1.057

2867 reflections

276 parameters

H-atom parameters
constrained

0 = 21.08-21.68°

=025 mm~’
T=292K
Prismatic

0.22 x 0.16 x 0.07 mm
Colourless

gmax = 26°

h=0— 18

k=0— 24

I1=0—17

3 standard reflections
frequency: 120 min
intensity decay: —4.7%

w = U[o*(F) + (0.03F)]

(A/0)max = 0.005,

Aprax = 0404 ¢ A7’

Apmin = —0.484 ¢ A™?

Extinction correction: nonc

Scattering factors from
SDP/PDP (Enraf-Nonius,
1985)
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Table 1. Selected geometric parameters ( A °)

Mg—Ol 2.083(2) Mg—06 2,059 (3)
Mg—02 2.098 (3) S—0l1 1469 (3)
Mg—O03 2096(3)  S—OI2 1.455 (3)
Mg—04 2.043(3) S—013 1462 (3)
Mg—O05 2.092(2) S—014 1472 (3)
Mg—O0i—Cl 135.1(2) Mg—04—C4 1438 (2)
Mg—02—C2 131.72) Mg—05—CS5 1354 (2)
Mg—03—C3 131.7(2) Mg—06—C6 138.0(2)

Table 2. Hydrogen-bonding geometry (A, °)

D—H---A H---A D---A D—H. A
OW—HW1. . .013' 207 2.987 (3) 160
NI12—HI121...011 215 3.050 (4) 157
N12—H122. . .05" 2.00 2.945(4) 175
N21—H211. . .012" 2.00 2.839(4) 146
N21—H212...04 2.06 2.901 (4) 147
N22—H221- - -014% 202 2.968 (4) 176
N22—H222. . .OW" 216 3.086 (4) 166
N31—H311..-014" 2.10 2.991 (4) 156
N41—H411.-.011" 1.89 2.829(5) 170
N42—H421...013" 2.06 2.990 (5) 167
N61—H611- - .012" 1.90 2.814(4) 160
N61—H612. - -02 2.02 2871 (4) 147

Symmetry codes: (i) —x, | —y, | —z: (ii) { —x, y, P+ ) —x, 1=y, -z
V4§ —xyz— ML —x1 —yna o)Xl -y — i)
1+xl—=-yi-z

A decay correction was applied. For calculation of the
positions of the water H atoms, the most appropriate acceptor
atoms of hydrogen bonds, A1 and A2, were first determined
exploring the geometry surrounding OW, as well as the
valence sums (Brown & Altermatt, 1985) of the atoms
constituting this geometry. H atoms were thus calculated to lie
in the OW/A1/A2 plane, with the geometrical constraints OW—
H = 095 A and HI—OW—H2 = 109.5°. Amino H atoms
were placed in calculated positions (N—H = 0.95 A). All H
atoms were refined in a riding geometry, with fixed U, =
0.0506 A%,

Data collection: CAD-4 Manual (Enraf-Nonius, 1988).
Data reduction: SDP/PDP (Enraf-Nonius, 1985). Program(s)
used to solve structure: MULTAN11/82 (Main et al., 1982).
Program(s) used to refine structure: SDP/PDP. Molecular
graphics: ORTEPII (Johnson, 1976). Software used to prepare
material for publication: KAPPA (Macitek, 1992).

This work has been supported by the Bulgarian
Academy of Sciences and the Bulgarian National Sci-
ence Fund (projects Ch-402 and Ch-651).

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: NA1345). Services for accessing these
data are described at the back of the journal.
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Abstract

The crystal structure of [Cu(NCS)(CoHgN3)>J{C(CN)s]
is composed of discrete [Cu(bipy),(NCS)}* cations
(bipy is 2,2'-bipyridine) and [C(CN);]~ anions. The
coordination polyhedron of Cu'' is a distorted trigonal
bipyramid with a {CuNs} chromophore.

Comment

Recently, we published the crystal structures of two
[Cu(bipy),X][C(CN):] compounds [X = C(CN); and
OCN™; Poto¢iidk, Dunaj-Juréo, Miklo§ & Jiger, 1997,
PotoCiidk er al., 1998]. The coordination polyhedra
around the five-coordinated Cu'' atoms in these two
compounds can be described as trigonal bipyramidal
with some degree of distortion towards tetragonal pyra-
midal. In comparison with these compounds, the co-
ordination polyhedra in related [Cu(phen)-X][C(CN);]}
compounds [phen is 1,10-phenanthroline; X = CN™,
NCS~ and N(CN);'| show a smaller degree of dis-
tortion towards the tetragonal-pyramidal arrangement
(Pototndk et al., 1996a,b,c). As the pseudohalogenide
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