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Octaammonium diaquahexa-u,-oxalato-

dioxalatotetracopper(ll) tetrahydrate

In the structure of the title compound, (NHy)s[Cus(C,04)s-
(H,0),]-4H,0, isolated tetramers of [Cu(ox),]*" (ox is
oxalate) are present. Each Cu" ion coordinates to four O
atoms in two oxalate ligands and to two more distant O atoms
in a neighbouring oxalate ligand or a water molecule. An
extensive hydrogen-bonding network connects the tetramers
to two unique solvent water molecules and four ammonium
ions.

Comment

Carboxylate complexes of 3d transition metals ions have been
studied for a long time in our department. In particular,
complexes of Cu, Ni and Fe have been the subject of inves-
tigation. A compound nearly similar in composition to the title
compound, (NHj)4[Cu(C,04)2(H,0)05],(H20),, (I), but
crystallizing with a slightly lower water content of two water
molecules instead of three, has been the subject of earlier
investigations (Viswamitra, 1962; Novosad et al., 2000).

In the structure of (I), isolated tetramers of [Cu(ox),]** [ox
is oxalate] are formed, while the previously studied compound
forms infinte chains of [Cu(ox),]*" where every second Cu
atom coordinates to two water molecules in axial positions. In
(I), the two central Cu atoms of the tetramer are coordinated
only by oxalate ligands, while the two outer Cu atoms coor-
dinate to a water molecule in the axial position (Fig. 1). Both
unique Cu atoms coordinate two oxalate groups in an
approximately planar configuration.

The coordination around Cul is slightly twisted. The
deviations (with s.u.s) of the atoms from the least-squares
plane of one of the oxalate complexes are Cul — 0.006 (1), O1
0.033 (1), 04 — 0.034 (1), O5 — 0.033 (1) and O8 0.036 (1) A.
In contrast with this, the four closest O atoms coordinating to
Cu2 are planar to within less than 0.01 A, with atom Cu2
deviating by 0.089 (1) A from this least-squares plane in the
direction of O17.

One of the oxalate ligands is planar to within 0.01 (1) A,
while the other three oxalate groups are planar only to within
0.03 (2) A. These nearly planar Cu(ox), groups are stacked to
complete an elongated CuOg4 octahedron around each Cu
atom with more distant O atoms in neighbouring oxalates or a

Received 23 March 2006
Accepted 19 April 2006

Acta Cryst. (2006). E62, m1139-m1141

doi:10.1107/51600536806014164 Kadir et al.

- (NH)5[Cu4(C,04)5(H,0),1-4H,0  m1139



metal-organic papers

Figure 1

The tetrameric copper dioxalate complex of (I), showing 50% probability
displacement ellipsoids, with the unique atoms labelled. The long
interatomic Cu— O distances between individual Cu(ox), units are shown
with black bonds. Two unique water molecules and four unique
ammonium ions have been omitted for clarity. H atoms are shown as
circles of arbitrary radius. Unlabelled atoms are related to labelled atoms
by the symmetry operator (1 —x,1—y,1 —z).

Figure 2

A packing diagram for (I), in a view along the a axis. Cu atoms are shown
in pale grey-blue, C atoms in grey, H atoms in white, N atoms in blue and
O atoms in red.

water molecule (O17), in accordance with a large Jahn-Teller
distortion of the Cu' ion.

An extensive hydrogen-bonding network (Table 2)
connects the tetramers to two unique solvent water molecules
and four unique ammonium ions. A packing diagram of (I) is
shown in Fig. 2.

Experimental

Compound (I) was crystallized by slow evaporation of an aqueous
solution (50ml) of ammonium oxalate hydrate (0.0118 g,
0.083 mmol) and copper actetate hydrate (0.0202 g, 0.101 mmol) at
ambient temperature. Thin plate-like crystals suitable for X-ray

analysis were obtained when the solvent evaporated.

Crystal data

(NH,)s[Cuy(C,04)5(H0),]-4H,0
M, = 1210.76

Monoclinic, P2, /c

a=11.1364 (6) A

b =11.2806 (6) A

¢ =17.1470 (12) A

B = 106235 (5)°

V =20682 (2) A®

Data collection

Oxford Xcalibur-3 « diffractometer
with Sapphire-III CCD detector

w scans at different ¢

Absorption correction: numerical
(X-RED; Stoe & Cie, 1997)
Tinin = 0.63, Trax = 0.79

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.033
wR(F?) = 0.061
§=0.84

6003 reflections

366 parameters

zZ=2

D, =1944 Mg m™
Mo Ko radiation
=216 mm™"
T=2932)K

Plate, light blue

0.50 x 0.20 x 0.05 mm

37577 measured reflections
6003 independent reflections
2994 reflections with 7 > 20(1)
R;, = 0.067

Omax = 30.0°

Only H-atom coordinates refined

w = 1/[0*(F,%) + (0.0199P)*]
where P = (F,> + 2F2)/3

(A/0)max = 0.001

Apax = 040 e A3

Apmin = =036 ¢ A3

Table 1 .
Selected bond lengths (A).
Cul—01 1.9085 (17)
Cul—08 1.9262 (17)
Cul—04 1.9338 (17)
Cul—05 1.9353 (17)
Cul—08' 27971 (17)
Cul—013 2.8779 (18)
Cu2—012 1.9300 (17)
Cu2—016 1.9348 (17)
Cu2—09 1.9365 (17)
Cu2—013 1.9403 (17)
Cu2—017 2542 (2)
Cu2—04 2.9481 (17)
01—C1 1.290 (3)
02—Cl1 1215 (3)
03—C2 1.224 (3)
04—C2 1.283 (3)

05—C3 1284 (3)
06—C3 1221 (3)
07—C4 1223 (3)
08—C4 1283 (3)
09—C5 1285 (3)
010—Cs 1225 (3)
011-C6 1.225 (3)
012—C6 1278 (3)
013—C7 1285 (3)
014—C7 1223 (3)
015—C8 1.223 (3)
016—C8 1279 (3)
Cl—C2 1.554 (3)
C3—C4 1.547 (3)
C5—C6 1.545 (3)
C7—C8 1562 (4)

Symmetry code: (i) —x+1, —y+1, —z+1.
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Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H:--A
O17—H171---014" 0.73 (2) 227 (2) 2.870 (3) 140 (2)
017—H171- - -015" 0.73 (2) 238 (2) 3.025 (3) 147 (2)
017—H172---010% 0.74 (2) 2.00 (2) 2.733 (3) 169 (2)
N1—H11---015" 0.88 (2) 2.03 (2) 2.873 (3) 161 (2)
N1—HI2---011' 0.87 (2) 212 (2) 2.948 (3) 159 (2)
N1—H12---010 0.87 (2) 247 (2) 2.930 (3) 114 (2)
N1—H12..-011" 0.87 (2) 2.54 (2) 3.023 (3) 117 (2)
N1—H13---013 0.87 (2) 216 (2) 2.993 (3) 162 (2)
N1—H14---03" 0.88 (2) 2.04 (2) 2.871 (3) 158 (2)
018—H181---09" 0.72 (2) 220 (2) 2.900 (3) 162 (2)
018—H182. - -06" 0.73 (2) 2.14 (2) 2.816 (3) 154 (2)
N2—H21.--016* 0.86 (2) 233 (2) 3.025 (3) 138 (2)
N2—H21---0121 0.86 (2) 2.50 (2) 2.977 (3) 116 (2)
N2—H22.--018 0.88 (2) 210 (2) 2.901 (3) 151 (2)
N2—H22...016" 0.88 (2) 2.63 (2) 3.093 (3) 114 (2)
N2—H23---019 0.87 (2) 2.09 (2) 2.958 (3) 172 (2)
N2—H24- - -04"1 0.88 (2) 227 (2) 3.118 (3) 162 (2)
019—H191---01" 0.73 (2) 217 (2) 2.835 (3) 151 (2)
019—H192---014 0.74 (2) 223 (2) 2.933 (3) 160 (2)
N3—H31.--02" 0.88 (2) 1.98 (2) 2.819 (3) 159 (2)
N3—H32.--05 0.86 (2) 2.03 (2) 2.880 (3) 175 (2)
N3—H33...017" 0.88 (2) 211 (2) 2.989 (3) 172 (2)
N3—H34---06™ 0.87 (2) 214 (2) 2.953 (3) 157 (2)
N3—H34...07™ 0.87 (2) 227 (2) 2.838 (3) 124 (2)
N4—H41-.-010" 0.87 (2) 228 (2) 3.020 (3) 143 (2)
N4—H42---019 0.87 (2) 215 (2) 2.965 (3) 155 (2)
N4—H42.--011' 0.87 (2) 2.38 (2) 2.818 (3) 111 (2)
N4—H43...03" 0.87 (2) 227 (2) 2.975 (3) 139 (2)
N4—H43...02" 0.86 (2) 229 (2) 2.945 (3) 133 (2)
N4—H44. ..07"1 0.88 (2) 1.90 (2) 2.769 (3) 169 (2)

Symmetry codes: (i) —x,y — 4, —z 4% (i) —x,y+L —z+% (v) x, =y +Lz-% (v)
xy+lz (Vi) —x+1,y+1 —z4+5 i) x,—y+3z-1 (viii) x+1,y,2 (ix)
—x+1,y—%—z+%

H atoms were located in difference density maps. The O—H and
N—H distances were restrained (Table 2) for the water and ammo-
nium ions to retain the previously known geometry of these mol-
ecules. The H atoms of the water molecules and ammonium ions were
given U;o(H) = 1.5U4(O,N). The data were cut to 260 = 60° in the final
refinement, although reflection data were collected up to 26 =~ 66.8°,
but with much less than 100% completeness at the highest angles.

Data collection: CrysAlis CCD (Oxford Diffraction, 2003); cell
refinement: CrysAlis RED (Oxford Diffraction, 2003); data reduc-
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97
(Sheldrick, 1997); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: DIAMOND (Bergerhoff,
1996); software used to prepare material for publication: PLATON
(Spek, 2003) and SHELXL97.

This work was supported by a grant from the Swedish
Research Council and by the Faculty of Natural Sciences at
Stockholm University.
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