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Abstract—Crystals of the tetranuclear complex [Fe,0,(H,0),((CsHsNCOO),](NO3)g - 2H,0 are obtained by
the slow evaporation of an aqueous solution of iron(IIl) nitrate and isonicotinic acid. According to the X-ray
diffraction data, four metal atoms lie in the same plane and together with two pu3-O oxygen atoms form the frag-

ment [Fe,(l13-0),]'%*. The [Fe,0,(H,0),,(CsHsNCOO0),]®* cation has been obtained and structurally charac-

terized for the first time.
DOI: 10.1134/S1070328409120082

INTRODUCTION

Processes of hydrolysis of Fe(Ill) compounds are
studied insufficiently because of their kinetic lability
and high affinity to the formation of X-ray amorphous
polynuclear or polymeric complexes. The study of the
polynuclear iron(IlI) oxo/hydroxo-bridged complexes
is aimed at creating new functional materials, first of
all, those with interesting magnetic properties [1-9].

The present work is devoted to the synthesis of the
new tetranuclear iron(III) compound
[Fe,0,(H,0),¢(CsHsNCOO),](NO;)g - 2H,0 (I) and to
the study of its crystal structure.

EXPERIMENTAL

The reagents used were of reagent grade. The syn-
thesis was carried out in air. Analyses for C, H, and N
were conducted at the Microanalysis Laboratory of the
Institute of Inorganic Chemistry (Karlsruhe, Germany).
IR spectra were recorded on an IFS-28 Fourier spec-
trometer (Bruker) in the 4000-300 cm™! interval (KBr
pellets).

Synthesis of compound I. A solution of isonico-
tinic acid (0.06 g, 0.48 mmol) in a mixture of CH;CN
(1.2 ml), water (1.2 ml), and 1 M KOH (0.6 ml,
0.6 mmol) was added with stirring to a solution of
Fe(NO;); - 9H,0 (0.61 g, 1.5 mmol) in water (3 ml).
The solution color changed from orange to brown. The
solution was stirred for 4 h and left to evaporate in air
to a volume of 0.5 ml. Well cut red-brown crystals were

formed, filtered off, and dried in air for a day. The yield
was 0.050 g (27% based on isonicotinic acid).

Found (%): C 19.29; H2.74; N 11.13.
For Cy4Hy4Fe N 5046
Anal. caled. (%): C 19.74; H 3.04; N 11.51.

IR, cm!: 3401, 3076, 2925, 2853, 1602, v(NO3),

1507, 1415 vs(COO") 1385 v(N O3 ), 1246, 1190, 1158,
1096, 1044, 1008, 825, 763, 682, 653, 599, 529, 466.

X-ray diffraction analysis. The unit cell parame-
ters and the three-dimensional set of reflection intensi-
ties for structure I were obtained according to a stan-
dard procedure on a STOE IPDS II automated diffrac-
tometer (MoK, radiation, graphite monochromator,
CCD) using the SAINT program package [10]. An
absorption correction was applied by intensities of
equivalent reflections [10]. The structure was solved by
a direct method and refined by the full-matrix least-
squares method in the anisotropic (for non-hydrogen
atoms) approximation (SHELX-97) [11]. Positions of
the hydrogen atoms of isonicotinate were calculated
geometrically and refined by the riding model. The
hydrogen atoms of the aqua ligands and molecules of
water of crystallization were not located. The crystallo-
graphic characteristics and details of diffraction exper-
iment and crystal structure refinement are given in
Table 1. Selected bond lengths and bond angles were
deposited with the Cambridge Crystallographic Data
Centre (no. 724 395; http://www.ccdc.cam.ac.uk/prod-
ucts/csd/request/) and are available from the authors.
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RESULTS AND DISCUSSION

Compound I was obtained by the slow evaporation
of an aqueous solution containing an excess of iron(IIl)
nitrate, isonicotinic acid, and KOH.

Red-brown crystals are stable in air and insoluble in
water, alcohol, and CH;CN.

The IR spectrum of compound I in the region from
3700 to 3100 cm™" exhibits a broad band of stretching
vibrations of the water molecules. An analysis of pub-
lished data [12, 13] and a comparison of the IR spectra
of 4-pyridinecarboxylic acid with the spectra of the
complexes made it possible to identify the absorption
band of the carboxylate group of the isonicotinate ion
coordinated to the metal atoms: the asymmetric vibra-
tions appear at 1602 cm™! and the symmetric vibrations
are observed at 1415 cm™'. The bands of vibrations of
the nitrate anions are observed at 1385 cm™.

The structural units of the crystal of compound I are
centrosymmetric tetranuclear cationic complexes
[Fe,0,(H,0),,(CsHsNCOO),]%* (Fig. 1), nitrate anions,
and molecules of water of crystallization. Two crystal-
lographically independent iron atoms have the octahe-
dral environment. The Fe(1) atom is coordinated by
three oxygen atoms of the aqua ligands (O(2ZM),
OBM), and O(4M)), two O atoms of two carboxylate
groups of the W, n?-bridging isonicotinates (O(1) and
0(@3)), and the p;-bridging oxo ligand O(1M). The
Fe(2) atom is coordinated by two oxygen atoms of the
aqua ligands (O(5M) and O(6M)), two O atoms of two
carboxylate groups of isonicotinates (O(2) and O(4)),
and two U;-O atoms (O(1M)). The Fe-O_distances
(1.8439(19)-2.1559(19) A, average 2.01(8) A) are typ-
ical of the oxygen-containing iron(IIl) complexes
[14-19]. Four Fe atoms lie in the same plane. The aver-
age deviation of the oxygen atoms of the carboxylate
(O(1)-04)), oxo (O(IM)) and aqua ligands (O(4M))
from the Fe, plane is 0.07(5) A, and two ;- -bridging
oxo ligands exhibit the maximum deviation (0.151 A).
For all atoms of the [Fe,O,(H,0),,(CsHsNCOO),]3*
cation lying in the Fe, plane, the average deviation from
the plane is 0.14(12) A. The isonicotinate ligands bind
in pairs the iron atoms due to the coordination of the
carboxy group according to the W,n? mode and are
arranged in the equatorial plane of the cationic com-
plex. The distances between the Fe(1) and Fe(2) atoms
are 3.424(3) and 3.445(2) A, and the Fe(2)-Fe(2)* dis-
tance (—x + 1, =y, —z + 1) is considerably shorter
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Table 1. Crystallographic characteristics and details of the
diffraction experiment and refinement of the crystal structure
of compound I

Parameter Value
FW 1460.11
Temperature, K 100(2)
Crystal system Monoclinic
Space group P2,/n
a, A 10.154(3)
b, A 25.032(6)
¢, A 10.687(3)
B, deg 106.46(2)
v, A3 2605.0(12)
Z 2
Pealed> glem? 1.861
u, mm™! 1.228
F(000) 1488
Crystal sizes, mm 0.40 x 0.30 x 0.25
0 range, deg 2.15-27.04
Index range -13<h<13,-33<k<31,
-l4<i<14
N,y measured/N,,,; independent|20497/5511 (R, = 0.0784)
Ny with F > 46(F) 5206
Tmax! Tmin 0.7488/0.6394
Number of refined parameters 389
GOOF for F? 1.072
R factor for F > 46(F) R, =0.0407, wR, =0.1156
R factor for all reflections R, =0.0430, wR, = 0.1240
Extinction coefficient 0.0143(13)
Residual electron density 0.829/-0.647
(max/min), e A~

(2.9272(9) A). The [Fe,0,(H,0),(CsH;NCOO), 8+ cat-
ions in crystal are joined into parallel chains along the
y axis due to hydrogen bonding between the O(3M) and
O(4M) aqua ligands of the adjacent complexes (O---O
2.738 A) (Fig. 2). The cation packing is presented in
Fig. 3. The remaining space is filled with molecules of
water of crystallization and nitrate anions.

The tetranuclear Fe(IIl) complexes containing the
Fe,O, fragment are known [14-19]. Such compounds
containing the planar (A) or nonplanar (B, C) Fe,O,
fragment demonstrate interesting magnetic properties.
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An important feature of the synthesized compound is
the presence of four pyridinic nitrogen atoms lying in one

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 35

plane, which provides possibilities of synthesis of organo-
metallic coordination polymers from compound L.
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Fig. 1. Coordination environment of the iron atoms in the [Fe402(H20)10(C5H5NCOO)4]8+ tetranuclear complex in structure I.
Hydrogen atoms are omitted.

Fig. 2. Joining of the [Fe402(H20)10(C5H5NCOO)4]8+ cations into chains along the z axis by hydrogen bonding (dash).
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Fig. 3. Crystal packing in structure I in projection onto the zy plane. Hydrogen bonds are shown by dash. Hydrogen atoms, mole-

cules of water of crystallization, and nitrate anions are omitted.

Thus, in the present work, we synthesized the new
tetranuclear iron complex with the 4-pyridinecarboxy-
late anions and the planar Fe,O, fragment. The tetranu-
clear iron complex is interesting as a promising com-
pound for use as a building block in design of hetero-
metallic coordination polymers due to the nitrogen
atoms of the pyridine rings of the ligands accessible for
coordination by transition metals.
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