metal-organic papers

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368

Yun-Long Fu,® Min }i,® Xiu-Li
Shen? and Seik Weng NgP*

?School of Chemistry and Materials Science,
Shanxi Normal University, Linfen 041004,
People’s Republic of China, and PDepartment of
Chemistry, University of Malaya, 50603 Kuala
Lumpur, Malaysia

Correspondence e-mail: seikweng@um.edu.my

Key indicators

Single-crystal X-ray study
T=295K

Mean a(O-C) = 0.004 A
Disorder in solvent or counterion
R factor = 0.033

wR factor = 0.079
Data-to-parameter ratio = 13.5

For details of how these key indicators were
automatically derived from the article, see
http://journals.iucr.org/e.

© 2005 International Union of Crystallography
Printed in Great Britain — all rights reserved

Polymeric cobalt(ll) diformate dimethylformamide

0.33-solvate

In the crystal structure of the title compound, poly-
[[cobalt(IT)-di-uus-formato] dimethylformamide 0.33-solvate]
[Co(CHO,),]-0.33C3H,NO, the units of Co(HCO,), are
assembled into a three-dimensional framework through
carboxylate bridging. The four symmetry-independent Co
atoms show nearly regular octahedral coordination; two of
them lie on inversion centres.

Comment

Cobalt(II) formate is an amorphous compound that is formed
by dehydrating cobalt formate dihydrate (Arii & Kishi, 1999;
Viertelhaus ef al, 2003). As a 0.33-methanol-0.33-water
solvate, the compound is porous, and it has exceptional
selective gas adsorption behavior (Wang et al, 2005). A
related study on manganese(Il) formate described the isola-
tion of manganese diformate as a 0.33-dioxane solvate; the
synthesis used N,N-diethylformamide (DMF) as co-solvent,
but this was not incorporated into the crystal structure. The
manganese compound is also porous, and it similarly exhibits
gas adsorption behavior (Dybtsev et al., 2004). The two reports
led to the present attempt to synthesize a porous cobalt
formate—dioxane compound. However, the DMF that is used
in the synthesis is incorporated into the resulting compound,
(I) (Fig. 1). Consequently, the crystal structure has no voids.
The volume of the DMF molecules accounts for about a third
of the volume of the unit cell. The DMF solvent molecule is
disordered, and it occupies the space within the polymeric
three-dimensional cobalt formate network (Fig. 1).
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The compound has 0.33-DMF for each Co(HCO,), formula
unit; two of the four independent Co atoms lie on special
positions of site symmetry 1; of the 12 independent O atoms
that belong to six formate anions, five form only one bond to a
Co atom whereas the other seven interact with two Co atoms.

A bis-formamide complex of cobalt(II) formate is known;
the formamide anion engages in bonding to the metal atom in
the mononuclear adduct (Domasevitch et al., 2002; Rettig et
al., 1999). A bis-formic acid adduct has been described in the
space group Ic (Antsyshkina et al, 1999). The structural
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Figure 1

ORTEPII plot (Johnson, 1976) illustrating the coordination geometry of
the Co atoms in polymeric (I). Displacement ellipsoids are drawn at the
70% probability level and H atoms are drawn as spheres of arbitrary
radii. Symmetry codes are as given in Table 1. The major DMF
component is shown.

literature on cobalt compounds having one or more formate
groups has been summarized recently (Boca et al., 2004); the
DMF solvate represents another addition to the literature.

Experimental

Cobalt(II) chloride hexahydrate (0.472 g, 2 mmol) and a slight excess
of 88% formic acid (0.20 ml, 4.6 mmol) were mixed in 1,4-dioxane
(4 ml) and DMF (8 ml). The solution was placed in a Teflon-lined
stainless steel Parr bomb. The bomb was heated at 383 K for 4 d. The
red crystals that were obtained from the solution were collected and
washed with ethanol. The yield was about 60%. The same compound
was obtained from cobalt dinitrate in place of cobalt dichloride. A
reliable CH&N elemental analysis could not be secured; nitrogen was
shown to be present, and the presence of DMF was corroborated by a
thermogravimetric analysis (TGA) measurement.

Crystal data

[Co(CHO,),]-0.33C3H,NO
M, =173.33
Monoclinic, P2, / n

D, =2052Mgm™
Mo Ko radiation
Cell parameters from 3103

a=11.3457 (7) A reflections

b =100117 (7) A 0 =22-27.0°
c=14820 (1) A =299 mm™'
B =91372 (1) T=295(2)K
V =16829 (2) A Block, red

Z=12 0.12 x 0.10 x 0.09 mm

Data collection

Bruker SMART APEX area-
detector diffractometer

3639 independent reflections
3055 reflections with 7 > 20(1)

¢ and w scans R;, = 0.033

Absorption correction: multi-scan Omax = 27.0°
(SADABS; Bruker, 2002) h=-14 — 10
Tnin = 0.537, Tpax = 0.767 k=-12—> 12

9679 measured reflections l=—-15— 18

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.033
wR(F?) = 0.079

S =097

3639 reflections

270 parameters

H-atom parameters constrained

w = 1/[c*(F,?) + (0.0444P)%]
where P = (F,> + 2F)/3

(A/0)max = 0.001

Apmax =050 A7?

APmin = =036 A

Table 1 .

Selected geometric parameters (A, °).

Col—01 2142 (2) Co3—08 2.110 (2)
Col—03 2.086 (2) Co3—09 2.085 (2)
Col—05 2.066 (2) Co3—011 2126 (2)
Co2—02 2.067 (2) Co4—04' 2.100 (2)
Co2—07 2.080 (2) Co4—06 2111 (2)
Co2—09 2126 (2) Co4—O08' 2.116 (2)
Co3—01 2.062 (2) Co4—010 2.055 (2)
Co3—04 2.088 (2) Co4—011 2.108 (2)
Co3—06 2.109 (2) Co4—012' 2.050 (2)
01—Col—01*" 180 04—Co3—08 77.27 (7)
01—Col—03 94.79 (8) 04—Co03—09 170.46 (8)
01—Col—03" 85.21 (8) 04—Co3—011 87.18 (7)
01—Col—05 90.92 (8) 06—Co3—08 164.27 (7)
01—Col—05" 89.08 (8) 06—Co3—09 93.09 (7)
03—Col—03t 180 06—Co3—011 77.87 (7)
03—Col—05 91.50 (8) 08—Co03—09 94.14 (8)
03—Col—05" 88.50 (8) 08—Co3—011 88.38 (7)
05—Col—05" 180 09—Co3—011 88.44 (7)
02—Co2—021 180 04'—Co4—06 17279 (7)
02—Co2—07 88.55 (9) 04'—Co4—O08 76.90 (7)
02—Co2—07 91.45 (9) 04'—Co4—010 89.55 (8)
04—Co3—08 7727 (7) 04'—Co4—011 94.57 (7)
02—Co2—09 91.90 (8) 04'—Co4—012' 94.19 (8)
02—Co2—09* 88.10 (8) 06—Co4—08' 102.80 (8)
07—Co2—07" 180 06—Co4—010 90.40 (8)
07—Co2—09 93.30 (8) 06—Co4—011 7822 (7)
07—Co2—09 86.70 (8) 06—Co4—012' 93.02 (8)
09—Co2—09 180 08'—Co4—010 166.32 (8)
01—Co3—09 95.47 (8) 08 —Co4—O011 88.96 (7)
01—Co3—04 89.86 (8) 08'—Co4—012' 90.07 (8)
01—Co03—06 95.48 (7) 010—Co4—011 90.26 (8)
01—Co03—08 97.72 (8) 010—Co4—012' 92.84 (9)
01—Co3—011 172.48 (8) 011—Co4—012' 170.73 (8)
04—Co03—06 94.26 (7)

Symmetry codes: (i) § —x,y — 31—z (i) 1 —x, 1 —y, 1 — z; (i) —x, 1 —y,1 —z.

H atoms were placed at calculated positions (C—H = 0.93 A for
the sp>-hybridized C atoms and 0.96 A for the methyl C atoms) and
were included in the refinement in the riding-model approximation,
with Uio(H) = 1.2 or 1.5 times U,q(C). The DMF molecule is disor-
dered, and one component is rotated by 180° with respect to the
other; the two components share common O and N atoms. The
disorder refined to 60 (1):40(1). The two molecules were restrained to
be planar and pairs of equivalent distances were restrained to be
within 0.01 A of each other.

Data collection: SMART (Bruker, 2002); cell refinement: SAINT
(Bruker, 2002); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
ORTEPII (Johnson, 1976); software used to prepare material for
publication: SHELXL97.

We thank the Natural Scientific Foundation Committee of
Shanxi Province (No. 20041031) and the University of Malaya
for generously supporting this study.
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