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Abstract

C22H56Co4N12O24, triclinic, P1 (no. 2), a = 7.988(2) Å,
b = 10.218(2) Å, c = 12.873(3) Å, 0 = 100.85(3)°,
/ = 92.14(3)°, . = 93.57(3)°, V = 1028.6 Å3, Z = 1,
Rgt(F) = 0.037, wRref(F

2) = 0.119, T = 293 K.

Source of material

A mixture of CoO · 6H2O (0.0582 g, 0.2 mmol), oxalic acid
(0.018 g, 0.2 mmol), ethylenediamine (0.013 ml, 0.2 mmol), and
water (0.6 ml) was sealed under vacuum in a Pyrex tube and
heated to 150 °C for 2 days under autogenous pressure, followed
by cooling to 30 °C with 10 °C/h. The solid products were reco-
vered by vacuum filtration and washed with water. Red polyhe-
dral crystals suitable for analysis with unidentified white powder
were obtained.

Experimental details

The hydrogen atoms of lattice water molecules were not located
(large thermal parameters of oxygen atoms). Also, all hydrogen
atoms on ethylenediamine cannot be found due to the disorder of
all nitrogen atoms.

Discussion

The crystal structure of the title compound comprises discrete
centrosymmetric dinuclear [Co2(C2O4)5]

6– anions, mononuclear
[Co(C2H8N2)3]

3+ cations, and water molecules. The anionic
dimer contains four terminal chelating and one bridging bis-
bidentate oxalate ligands. Each Co2 atom is coordinated in a
slightly distorted octahedral manner by six oxygen atoms of three
oxalate ligands in the range of 77.83(9)° - 114.98(10)° and
156.40(9)° - 170.74(9)°. The cobalt-to-bridging oxalate bond
lengths are slightly longer than those involving the terminal oxa-
late ligands. A similar trend can be observed in several other
[M2(C2O4)5]

n– anionic complexes (M = Fe, Cr, Ni, Zn; n = 4 or 6)
[1-7]. The BVS calculation for Co in [Co2(C2O4)5]

6– anions gives
a value of 2.02, indicating an oxidation state of +2 [8]. Co1 in
[Co(en)3]

3+ is coordinated to three ethylenediamine molecules in
a slightly distorted octahedral manner. Two nitrogen atoms in
each ethylenediamine molecule are disordered almost equally
over two positions, giving two possible conformations, gauche-
and and syn- conformation. The gauche-conformation is consi-
dered more likely since it minimizes nitrogen-nitrogen repulsions
and is usually observed for M(en)3 cations [9-12]. Therefore, two
sets of gauche-conformational [Co(en)3]

3+ cations are almost
equally distributed in the structure, i.e., one set of N1–C6–C7–
N4, N5–C8–C9–N8, N9–C10–C11–N12, and the other set of
N2–C6–C7–N3, N6–C8–C9–N7, N10–C10–C11–N11, with tor-
sional angles in the range of 56.51(3)° - 61.76(3)°. The other
possible arrangement is synperiplanar. However, the syn-confor-
mation of ethylenediamine in octahedral M(en)3 geometry is
energetically unfavorable and is not reported yet. The crystal
packing of the title complex is stabilized by hydrogen bonds be-
tween the [Co(C2H8N2)3]

3+ cations and [Co2(C2O4)5]
6– anions.

Besides, two inequivalent lattice water molecules are further hy-
drogen bonded among to the monomeric cations, dimeric anions,
or to each other in a complex arrangement.
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Crystal: red polyhedral, size 0.16 × 0.23 × 0.26 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 16.86 cm01

Diffractometer, scan mode: Regaku R-AXIS RAPID, 1
2"max: 54.96°
N(hkl)measured, N(hkl)unique: 10220, 4659
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 4070
N(param)refined: 340
Programs: SHELXS-97, SHELXL-97 [13],

DIAMOND [14]

Table 1. Data collection and handling.

_____________
* Correspondence author (e-mail: junghwan@konkuk.ac.kr)



354 [Co(C2H8N2)3]2[Co2(C2O4)5] · 4H2O

Co(1) 2i 0.07526(4) 0.27340(3) 0.25000(3) 0.0186(2) 0.0232(2) 0.0223(2) 0.0020(1) 0.0006(1) 0.0052(1)
Co(2) 2i 00.40012(5) 0.70669(4) 0.16424(3) 0.0313(2) 0.0232(2) 0.0213(2) 0.0060(2) 00.0025(2) 0.0012(1)
O(1) 2i 00.6136(3) 0.7944(2) 0.1282(2) 0.028(1) 0.026(1) 0.049(1) 00.0011(8) 00.0102(9) 0.0076(9)
O(2) 2i 00.3360(3) 0.6228(2) 0.0116(2) 0.039(1) 0.032(1) 0.027(1) 00.0077(9) 0.0064(9) 0.0019(8)
O(3) 2i 00.5692(3) 0.5295(2) 0.1280(2) 0.048(1) 0.029(1) 0.0215(9) 00.0023(9) 0.0097(9) 0.0030(8)
O(4) 2i 00.2985(3) 0.8965(2) 0.1490(2) 0.025(1) 0.035(1) 0.052(1) 0.0000(8) 00.001(1) 0.007(1)
O(5) 2i 00.4245(3) 0.7865(3) 0.3250(2) 0.057(2) 0.048(1) 0.025(1) 0.031(1) 00.003(1) 0.0004(9)
O(6) 2i 00.7081(3) 0.9945(2) 0.1360(2) 0.034(1) 0.035(1) 0.070(2) 0.012(1) 00.006(1) 0.005(1)
O(7) 2i 00.3846(3) 1.1015(3) 0.1618(3) 0.050(2) 0.027(1) 0.090(2) 00.009(1) 00.014(2) 0.008(1)
O(8) 2i 00.3044(5) 0.7885(3) 0.4829(2) 0.114(3) 0.077(2) 0.024(1) 0.054(2) 00.011(1) 00.008(1)
O(9) 2i 00.2392(3) 0.5958(2) 0.2383(2) 0.052(1) 0.038(1) 0.029(1) 0.024(1) 00.004(1) 00.0020(9)
O(10) 2i 00.1476(3) 0.5670(3) 0.3967(2) 0.056(2) 0.044(1) 0.039(1) 0.022(1) 00.008(1) 0.012(1)
OW(1) 2i 0.3275(6) 0.9464(5) 0.4064(4) 0.097(3) 0.096(3) 0.128(4) 0.043(3) 0.006(3) 00.020(3)
OW(2) 2i 00.8754(6) 0.7436(6) 0.2686(5) 0.078(3) 0.151(5) 0.196(6) 00.012(3) 0.034(3) 0.064(5)
N(11) 2i 0.542(8) 0.1450(5) 0.2200(5) 0.1030(3) 0.026(2) 0.029(2) 0.024(2) 0.005(2) 0.006(2) 0.005(2)
N(12) 2i 0.458 0.0237(7) 0.4115(5) 0.1639(4) 0.035(3) 0.028(3) 0.026(3) 0.008(2) 0.000(2) 0.006(2)
N(21) 2i 0.544(8) 0.2994(5) 0.2357(5) 0.3035(4) 0.023(2) 0.029(2) 0.034(2) 0.004(2) 00.004(2) 0.009(2)
N(22) 2i 0.456 0.1586(7) 0.4200(6) 0.3724(4) 0.031(3) 0.032(3) 0.028(3) 0.003(2) 00.001(2) 0.002(2)
N(31) 2i 0.545(8) 00.0114(6) 0.3067(5) 0.3916(3) 0.030(2) 0.033(3) 0.025(2) 0.003(2) 0.005(2) 0.005(2)
N(32) 2i 0.455 0.1079(7) 0.1371(6) 0.3323(5) 0.030(3) 0.036(3) 0.040(3) 0.002(2) 00.002(2) 0.019(2)
N(41) 2i 0.571(7) 00.1367(5) 0.3124(4) 0.1845(3) 0.023(2) 0.030(2) 0.033(2) 0.008(2) 00.001(2) 0.002(2)
N(42) 2i 0.429 00.0004(7) 0.1423(5) 0.1264(4) 0.025(3) 0.023(3) 0.028(3) 0.000(2) 00.007(2) 0.001(2)
N(51) 2i 0.565(8) 00.0061(5) 0.0819(4) 0.2463(4) 0.028(2) 0.025(2) 0.037(2) 00.001(2) 0.004(2) 0.010(2)
N(52) 2i 0.435 00.1527(7) 0.2824(6) 0.3058(5) 0.023(3) 0.032(3) 0.035(3) 0.006(2) 0.005(2) 0.009(2)
N(61) 2i 0.545(7) 0.1658(5) 0.4566(4) 0.2658(4) 0.027(2) 0.022(2) 0.031(2) 0.003(2) 00.003(2) 0.002(2)
N(62) 2i 0.455 0.3089(6) 0.2766(5) 0.2096(4) 0.022(3) 0.027(3) 0.031(3) 0.002(2) 00.001(2) 0.003(2)
C(1) 2i 00.4322(3) 0.5268(3) 00.0334(2) 0.032(1) 0.022(1) 0.020(1) 0.005(1) 0.003(1) 0.0065(9)
C(2) 2i 00.3263(4) 0.7438(3) 0.3876(2) 0.042(2) 0.033(2) 0.027(1) 0.013(1) 00.002(1) 0.003(1)
C(3) 2i 00.5942(4) 0.9187(3) 0.1366(2) 0.028(1) 0.026(1) 0.031(1) 0.004(1) 00.005(1) 0.003(1)
C(4) 2i 00.4088(4) 0.9794(3) 0.1499(2) 0.032(1) 0.026(1) 0.036(2) 00.002(1) 00.004(1) 0.005(1)
C(5) 2i 00.2270(4) 0.6264(3) 0.3374(2) 0.031(1) 0.027(1) 0.031(1) 0.004(1) 00.001(1) 0.005(1)
C(6) 2i 0.3204(4) 0.4732(3) 0.3496(3) 0.040(2) 0.038(2) 0.037(2) 00.013(1) 0.003(1) 00.004(1)
C(7) 2i 0.4168(4) 0.3542(4) 0.3098(3) 0.023(1) 0.044(2) 0.056(2) 00.004(1) 00.011(1) 0.015(2)
C(8) 2i 00.0587(5) 0.0761(4) 0.3594(3) 0.042(2) 0.052(2) 0.053(2) 00.002(2) 0.006(2) 0.031(2)
C(9) 2i 00.1444(5) 0.2010(4) 0.4003(3) 0.049(2) 0.058(2) 0.044(2) 00.006(2) 0.021(2) 0.014(2)
C(10) 2i 00.0978(5) 0.3296(4) 0.0695(3) 0.060(2) 0.058(2) 0.030(2) 0.027(2) 00.014(2) 0.004(2)
C(11) 2i 00.0079(4) 0.2066(3) 0.0300(2) 0.040(2) 0.039(2) 0.027(1) 0.003(1) 00.005(1) 00.001(1)

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z U11 U22 U33 U12 U13 U23

Acknowledgment. This work was supported by the National Research Foun-
dation of Korea Grant funded by the Korean Govenment (grant no. KRF-
2008-314-C00190).

References

1. Vaidhyanathan, R.; Natarajan, S.; Rao, C. N. R.: Synthesis of a Hierarchy
of Zinc Oxalate Sturctures from Amine Oxalates. J. Chem. Soc., Dalton
Trans. (2001) 699-706.

2. Armentano, D.; De Munno, G.; Lloret, F.; Julve, M.: Bi and Tris(oxalato)-
ferrate(III) Complexes as Precursors of Polynuclear Compounds.
CrystEngComm 7 (2005) 57-66.

3. Armentano, D.; De Munno, G.; Faus, J.; Lloret, F.; Julve, M.: Syntheses,
Crystal Structures, and Magnetic Properties of the Oxalato-Bridged
Mixed-Valence Complexes [FeII(bpm)3]2[FeIII

2(ox)5] · 8H2O and
FeII(bpm)3Na(H2O)2Fe(ox)3 · 4H2O (bpm = 2,2'-Bipyrimidine). Inorg.
Chem. 40 (2001) 655-660.

4. Román, P.; Guzmán-Miralles, C.; Luque, A.; Beitia, J. I.; Cano, J.; Lloret,
F.; Julve, M.; Alvarez, S.: Influenece of the Peripheral Ligand Atoms on
the Exchange Interaction in Oxalato-Bridged Nickel(II) Complexes: An
Orbital Model. Crystal Structures and Magnetic Properties of
(H3dien)2[Ni2(ox)5] · 12H2O and [Ni2(dien)2(H2O)2(ox)]Cl2. Inorg. Chem.
35 (1996) 3741-3751.

5. Coronado, E.; Galán-Mascarós, J. R.; Gómez-Garcí, C. J.: Charge Trans-
fer Salts of Tetrathiafulvalene Derivatives with Magnetic Iron(III) Oxa-
late Complexes: [TTF]7[Fe(ox)3]2 · 4H2O, [TTF]5[Fe2(ox)5] · 2PhMe ·
2H2O and [TMTTF]4[Fe2(ox)5] · PhCN · 4H2O (TMTTF = tetramethyl-
tetrathiafulvalene). J. Chem. Soc., Dalton Trans. (2000) 205-210.

6. Rashid, S.; Turner, S. S.; Day, P.; Light, M. E.; Hursthouse, M. B.: Mole-
cular Charge-Transfer Salt of BEDT-TTF [Bis(ethylenedithio)tetrathia-
fulvalene] with the Oxalate-Bridged Dimeric Anion [Fe2(C2O4)5]

4–. Inorg.
Chem. 39 (2000) 2426-2428.

7. Masters, V. M.; Sharrad, C. A.; Bernhardt, P. V.; Gahan, L. R.;
Moubaraki, B.; Murray, K. S.: Synthesis, Structure and Magnetism of the
Oxalato-Bridged Chromium(III) Complex [NBun4]4[Cr2(ox)5] · 2CHCl3.
J. Chem. Soc., Dalton Trans. (1998) 413-416.

8. Brese, N. E.; O’Keeffe, M.: Bond-Valence Parameters for Solids. Acta
Crystallogr. B47 (1991) 192-197.

9. Hea, X.; Zhang, P.; Song, T.-Y.; Mu, Z.-C.; Yu, J.-H.; Wang, Y.; Xu, J.-
N.: Hydrothermal Synthesis and Structure of a Molybdenum(VI) Phos-
phate Cluster and a Three Dimensional Cobalt Molybdenum(V) Phos-
phate. Polyhedron 23 (2004) 2153-2159.

10. Bontchev, R. P.; Venturini, E. L.; Nyman, M.: Copper-Linked
Hexaniobate Lindqvist Clusters-Variations on a Theme. Inorg. Chem. 46

(2007) 4483-4491.
11. Takamizawa, S.; Akatsuka, T.; Ueda, T.: Gas-Conforming

Transformability of an Ionic Single-Crystal Host Consisting of Discrete
Charged Components. Angew. Chem., Int. Ed. 47 (2008) 1689-1692.

12. Matiková-Mal’arová, M.; Cernák, J.; Massa, W.; Varret, F.: Three
Co(III)-Fe(II) Complexes Based on Hexacyanoferrates: Syntheses, Spec-
troscopic and Structural Characterizations. Inorg. Chim. Acta 362 (2009)
443-448.

13. Sheldrick, G. M.: A short history of SHELX. Acta Crystallogr. A64

(2008) 112-122.
14. Brandenburg, K.: DIAMOND. Visual Crystal Structure Information Sys-

tem. Version 3.2f. Crystal Impact, Bonn, Germany 1998.


