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In the oxo-centered compound, [ZnFe2O(O2CCF3)6-

(C4H8O)2(H2O)], the central O atom is linked to three metal

atoms, which are themselves each linked to four tri¯uoro-

acetate anions and are in a triangular con®guration. Two of the

metal atoms are each coordinated by a tetrahydrofuran

molecule, whereas the third is coordinated by a water

molecule. Two [ZnFe2O(O2CCF3)6(C4H8O)2(H2O)] units are

linked by a pair of hydrogen bonds across a center of inversion

to afford a hydrogen-bonded dimer. The compound is

isostructural with the CuIIFeIII
2 analog.

Comment

The preceding report on the mixed-metal oxo-cluster

carboxylate, CuIIFeIII
2O(O2CCF3)6(C4H8O)2(H2O), described

the intended purpose for a crystal structure study of the

compound (Amini et al., 2004). Replacing the CuII atom by

another divalent atom, ZnII, gave the isomorpous title

compound, (I) (Fig. 1). Pairs of adjacent molecules are linked

by hydrogen bonds into a centrosymmetric dimer (Fig. 2). The

compound is isostructural with the CuII analog, and even the

occupancies of the three metal atoms re®ned to Zn:Fe ratios

[0.662 (2):0.338 (2), 0.191 (8):0.809 (8), and 0.146 (8):0.854 (8)

for sites 1, 2 and 3, respectively] that are almost identical to

those for the CuII compound, giving a preponderance of Zn on

the site coordinated by water rather than tetrahydrofuran.

Experimental

The procedure for preparing the compound was adapted from that

reported for the synthesis of [MFe2O(O2CCCl3)(THF)3], where M is

Mn, Co or Ni (Wang & Yu, 1990). Sodium bicarbonate (4.12 g,

49 mmol) was dissolved in water (45 ml) and this was mixed with

tri¯uoroacetic acid (5.5 g, 48 mmol), ferric nitrate nonahydrate

(6.46 g, 16 mmol) dissolved in water (15 ml) and zinc nitrate hexa-

hydrate (2.37 g, 8 mmol) dissolved in water (5 ml). The mixture was

stirred for 24 h and then at 333 K for a futher 3 h. The water was

removed under reduced pressure and the residue was dissolved in a

mixture of tetrahydrofuran and hexane. The solution was ®ltered and

the solvent removed to give an oily residue. This was treated with

hexane to remove the oil; the pure compound was obtained by
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recrystallization from hexane to which several drops of tetrahydro-

furan were added. The red, almost brown, compound melts at 461±

463 K.

Crystal data

[ZnFe2O(C2F3O2)6(C4H8O)2(H2O)]
Mr = 1033.41
Triclinic, P1
a = 9.2200 (6) AÊ

b = 12.8671 (9) AÊ

c = 16.448 (1) AÊ

� = 96.233 (1)�

� = 105.756 (1)�


 = 99.401 (1)�

V = 1828.6 (2) AÊ 3

Z = 2
Dx = 1.877 Mg mÿ3

Mo K� radiation
Cell parameters from 6516

re¯ections
� = 2.5±26.4�

� = 1.59 mmÿ1

T = 163 (2) K
Plate, red
0.40 � 0.40 � 0.08 mm

Data collection

Bruker P4/CCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.519, Tmax = 0.883

21898 measured re¯ections

7257 independent re¯ections
5760 re¯ections with I > 2�(I)
Rint = 0.036
�max = 26.5�

h = ÿ11! 11
k = ÿ15! 16
l = ÿ20! 19

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.042
wR(F 2) = 0.119
S = 1.03
7257 re¯ections
581 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0593P)2

+ 2.3206P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.70 e AÊ ÿ3

��min = ÿ0.67 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Zn1ÐO1 2.069 (3)
Zn1ÐO3 2.195 (3)
Zn1ÐO5 2.287 (3)
Zn1ÐO7 2.027 (3)
Zn1ÐO15 1.946 (2)
Zn1ÐO1w 2.003 (2)
Fe2ÐO6 2.041 (3)
Fe2ÐO8 2.021 (3)
Fe2ÐO9 2.044 (3)

Fe2ÐO11 2.072 (3)
Fe2ÐO13 2.104 (3)
Fe2ÐO15 1.897 (2)
Fe3ÐO2 2.056 (3)
Fe3ÐO4 2.010 (3)
Fe3ÐO10 2.052 (3)
Fe3ÐO12 2.054 (3)
Fe3ÐO14 2.105 (2)
Fe3ÐO15 1.893 (2)

O1ÐZn1ÐO3 88.8 (1)
O1ÐZn1ÐO5 83.7 (1)
O1ÐZn1ÐO7 167.6 (1)
O1ÐZn1ÐO15 95.7 (1)
O1ÐZn1ÐO1w 84.9 (1)
O3ÐZn1ÐO5 168.4 (1)
O3ÐZn1ÐO7 94.0 (2)
O3ÐZn1ÐO15 95.5 (1)
O3ÐZn1ÐO1w 84.6 (1)
O5ÐZn1ÐO7 91.6 (1)
O5ÐZn1ÐO15 94.2 (1)
O5ÐZn1ÐO1w 85.9 (1)
O7ÐZn1ÐO15 96.1 (1)
O7ÐZn1ÐO1w 83.3 (1)
O15ÐZn1ÐO1w 179.4 (1)
O6ÐFe2ÐO8 90.9 (1)
O6ÐFe2ÐO9 88.8 (1)
O6ÐFe2ÐO11 166.4 (1)
O6ÐFe2ÐO13 83.2 (1)
O6ÐFe2ÐO15 98.3 (1)
O8ÐFe2ÐO9 168.1 (1)
O8ÐFe2ÐO11 87.2 (1)
O8ÐFe2ÐO13 84.1 (1)

O8ÐFe2ÐO15 96.3 (1)
O9ÐFe2ÐO11 90.3 (1)
O9ÐFe2ÐO13 84.1 (1)
O9ÐFe2ÐO15 95.5 (1)
O11ÐFe2ÐO15 95.3 (1)
O11ÐFe2ÐO13 83.2 (1)
O13ÐFe2ÐO15 178.5 (1)
O2ÐFe3ÐO4 89.0 (1)
O2ÐFe3ÐO10 90.5 (1)
O2ÐFe3ÐO12 166.9 (1)
O2ÐFe3ÐO14 83.3 (1)
O2ÐFe3ÐO15 97.2 (1)
O4ÐFe3ÐO10 167.0 (1)
O4ÐFe3ÐO12 86.5 (1)
O4ÐFe3ÐO14 84.8 (1)
O4ÐFe3ÐO15 99.0 (1)
O10ÐFe3ÐO12 91.2 (1)
O10ÐFe3ÐO14 82.3 (1)
O10ÐFe3ÐO15 94.0 (1)
O12ÐFe3ÐO14 84.0 (1)
O12ÐFe3ÐO15 95.7 (1)
O14ÐFe3ÐO15 176.2 (1)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O1wÐH1w1� � �O1i 0.85 (1) 2.34 (4) 2.961 (4) 131 (5)
O1wÐH1w2� � �O5i 0.84 (1) 2.04 (2) 2.843 (4) 159 (5)

Symmetry code: (i) 1ÿ x; 1ÿ y; 1ÿ z.

Initial atomic coordinates were taken from those of the isomor-

phous CuIIFeIII
2 compound (Amini et al., 2004). The water H atoms

were located in a difference map and re®ned with an OÐH restraint

of 0.85 (1) AÊ . The other H atoms were placed in calculated positions

(CÐH = 0.99 AÊ ), and they were included in the re®nement in the

riding model approximation; Uiso(H) = 1.2Ueq(C). Two of the six

tri¯uoromethyl groups are disordered, and the occupancies of the F

atoms were re®ned. For these groups, the CÐF distances were

Figure 1
ORTEPII (Johnson, 1976) plot of (I); displacement ellipsoids are drawn
at the 30% probability level. H atoms are drawn as spheres of arbitrary
radii. Only one of the disordered components is shown for each CF3

group. Zn1 shares the same site with Fe1 (not shown), Zn2 with Fe2 (not
shown) and Zn3 with Cu3 (not shown); the labels here are in accordance
with the predominant metal at each site.

Figure 2
ORTEPII (Johnson, 1976) plot of the hydrogen-bonded (I) dimer.



restrained to 1.32 (1) AÊ and the F� � �F distances to 2.16 (2) AÊ . The

disordered atoms were restrained to be approximately isotropic. For

each group, the six partial F atoms were restrained to be approxi-

mately coplanar. The disordered metal site occupancy factors were

re®ned as for the CuIIFeIII
2 analog (Amini et al., 2004).

Data collection: SMART (Bruker, 2001); cell re®nement: SMART;

data reduction: SAINT (Bruker, 2001); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEPII (Johnson, 1976); software used to prepare material for

publication: SHELXL97.
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