
INTRODUCTION

Exploration on the syntheses and properties of metal
coordination complexes, especially carboxylate complexes, has
been one of the most active research areas of materials due to
their interesting properties and various potential applications,
such as electrical conductivity, magnetism, host-guest chem-
istry, ion exchange, catalysis and non-linear optics1-3. Pyridine
dicarboxylic acid (pydcH2) is an active ligand not only for its
multivariate coordination modes with transition metals and
rare metals, but also for its biological activities in organism,
so its complexes are widely studied and used in the fields of
biochemistry and analytical chemistry4-6. 1,10-Phenanthroline
(phen) is another widely used ligand and most of its complexes
with metals exhibit novel structures or specific properties7-9.
As part of our works, a new iron complex with pyridine dicar-
boxylic acid and 1,10-phenanthroline (phen) ligands was
obtained by using solvent evaporation method. Here we report
the synthesis, crystal structure, thermal stability and fluore-
scence property of the complex [Fe(phen)3](pydc)·9H2O.

EXPERIMENTAL

Ferrous sulfate, 1,10-phenanthroline (phen) and NaOH
were of analytically pure grade and the purity of 2,6-pyridine
dicarboxylic acid was 99 %. Elemental analyses (C, H and N)
were performed on Vario E1 elementar. Infrared spectra were
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recorded on a Nicolet 5700 FT-IR spectrophotometer (4000-
400 cm-1) using KBr pellets. Thermogravimetric analysis was
carried out on a Netzsch STA 449C thermal analyzer in flowing
N2 atmosphere at a heating rate of 10 ºC/min from room tempe-
rature to 850 ºC. The fluorescence property of the complex
was tested using a CARY Eclipse fluorescence spectroscopy.

Synthesis of the title complex: 2,6-Pyridine dicarboxylic
acid (1 mmol), phen (1 mmol) and NaOH (2 mmol) were
dissolved in 20 mL mixed solvent of C2H5OH/H2O by stirring
and FeSO4·7H2O (1 mmol) in 10 mL H2O was added slowly
and further stirred for 3 h at room temperature. The resulting
solution was filtered and the filtrate was kept at room tempe-
rature for two weeks. Red block crystals (yield 62 %) suitable
for X-ray diffraction were obtained. Anal. calcd. (%) for
C43H45N7O13Fe: Calcd. (%): C, 55.94; H, 4.87; N, 10.61. Found
(%): C, 55.82; H, 4.80; N, 10.55. IR (KBr, νmax, cm-1): 3431 s,
1672 s, 1515 w, 1423 w, 1320 s, 1165 m, 1071 w, 912 w, 740
w, 679 m, 438 w.

X-ray crystallographic determination: A suitable crystal
with dimensions of 0.23 mm × 0.18 mm × 0.15 mm was used
for structure determination. All diffraction data were collected
at 293(2) K on a Bruker SMART APEX-II CCD diffractometer
equipped with a graphite-monochromated MoKα radiation (λ
= 0.71073 Å) by using a φ-ω scan mode. In the range of 1.97
< θ < 25.00º, a total of 21880 reflections together with 7689
unique ones (Rint = 0.0294) were collected and 5540 observed
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reflections with I > 2σ(I) were used in the succeeding refine-
ments. The structure was solved by direct methods using
SHELXS-97 program10 and refined with SHELXL-9711 by full-
matrix least-squares techniques on F2. The hydrogen atoms of
isolated water molecules in complex were not added. All non-
hydrogen atoms were refined anisotropically and hydrogen
atoms isotropically by full-matrix least-squares refinement.
The final cycle of refinement converged to R = 0.0624 and
wR = 0.2083 (w = 1/[σ2(Fo

2) + (0.1432P)2 + 8.0727P], where
P = (Fo

2 + 2Fc
2)/3), (∆/σ)max = 0.001, (∆ρ)max = 1.245 and (∆ρ)min

= -0.390 e/Å3.

RESULTS AND DISCUSSION

IR spectrum: In the IR spectrum, a strong and wide
absorption bond around 3431 cm-1 is the characteristic vibra-
tion of water. There is no absorption bond in the range of 1690-
1730 cm-1 indicating the completely unprotonated of carboxyl12.
Bands at 1672 and 1320 cm-1 could be attributed to the stretching
vibration of carboxylate groups. Bonds at 1515 and 1423 cm-1

could be assigned to the characteristic of phen. The shift in
some extent suggests that the two nitrogen atoms of phen both
have participated in coordination.

Crystal structure: The crystal structure and packing
diagram of the complex are shown in Figs. 1 and 2, respec-
tively. The selected bond lengths and bond angles are listed
in Table-1.

Fig. 1. Molecular structure of [Fe(phen)3](pydc)·9H2O; (H2O molecules
have been omitted for clarity)

X-ray analysis reveals that the complex,
[Fe(phen)3](pydc)·9H2O, crystallizes in monoclinic system
with space group C/2c and the sturcture unit consists of one
[Fe(phen)3]2+ cation, one pydc2- anion and nine crystal water
molecules (Fig. 1). The Fe(II) is coordinated with six nitrogen
atoms from three phen molecules and a pydc2- as a counter
anion. In the 6-coordinated octahedron, N(1), N(2), N(3) and
N(6) locate at the equatorial plane and N(4) and N(5) occupy
the axial positions. The six Fe-N bond lengths are in the range
of 1.971(3)-1.986(3) Å and these are similar to that in
[Fe(phen)3](C5H4COC6H5)2CH3CN·2H2O13 and [Fe(phen)3]
(C6H6N2S2O6)·4H2O14. Bond angles of N(1)-Fe(1)-N(2), N(2)-
Fe(1)-N(6), N(6)-Fe(1)-N(3) and N(3)-Fe(1)-N(1) are
82.49(13), 95.55(12), 90.11(13) and 92.13(13)º, respectively.
The sum of these angles is 360.28º (close to 360º), suggesting
a planar nature of N(1), N(2), N(3), N(6) and Fe(1). Bond
angle of N(4)-Fe(1)-N(5) is 174.53º. The dihedral angles
between the each phen molecules are 89.21, 84.61 and 87.0º,
respectively. A two-dimensional layer structural system is
formed by the interactions between [Fe(phen)3]2+ cation and
uncoordinated pydc2- anion and is filled with isolated water
molecules between the layers (Fig. 2).

Fig. 2. Packing diagram of [Fe(phen)3](pydc)·9H2O along c axis

TABLE-1 
SELECTED BOND LENGTHS (Å) AND BOND ANGLES (º) OF [Fe(phen)3](pydc)·9H2O 

Bond Dist. Bond Dist. Bond Dist. 
Fe(1)-N(1) 1.980(3) Fe(1)-N(3) 1.978(3) Fe(1)-N(5) 1.983(3) 
Fe(1)-N(2) 1.971(3) Fe(1)-N(4) 1.986(3) Fe(1)-N(6) 1.979(3) 
Angle (°) Angle (°) Angle (°) 
N(1)-Fe(1)-N(2) 82.49(13) N(2)-Fe(1)-N(3) 172.01(12) N(3)-Fe(1)-N(5) 94.48(12) 
N(1)-Fe(1)-N(3) 92.13 (13) N(2)-Fe(1)-N(4) 91.47 (13) N(3)-Fe(1)-N(6) 90.11(13) 
N(1)-Fe(1)-N(6) 176.50(12) N(2)-Fe(1)-N(5) 91.88(12) N(4)-Fe(1)-N(5) 174.53(12) 
N(1)-Fe(1)-N(4) 89.83(13) N(2)-Fe(1)-N(6) 95.55(12) N(4)-Fe(1)-N(6) 93.13(13) 
N(1)-Fe(1)-N(5) 94.89(13) N(3)-Fe(1)-N(4) 82.57(13) N(5)-Fe(1)-N(6) 82.24(13) 
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Thermogravimetric analysis: The thermal stability of
the complex was investigated under the thermogravimetric
experiment. The weight loss before 135 ºC is 16.7 %, with a
maximal endothermic peak appears at 84 ºC, this can be attri-
buted to the elimination of the nine crystal water molecules
(cacld. 17.5 %). Then obvious weight loss with two endothermic
peak at about 320 and 428 ºC indicates the framework of the
complex begin to collapse.

Fluorescence spectrum: The fluorescence of the complex
and the ligands in methanol solution was investigated at room
temperature (Fig. 3). The excitation and emission silts are both
10 nm. At the excitation wavelength of 240 nm, the maximum
fluorescence emission wavelengths of the complex is 360 nm
and the spectral shape and position are similar to that of phen
ligand, suggests that the fluorescence of the complex mainly
coming from phen. This emission spectrum may have rela-
tionship with the rigid structure and big conjugate system of
1,10-phenanthroline15.
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Fig. 3. Excitation spectrum of the complex

Conclusion

In summary, a new iron(II) complex [Fe(phen)3](pydc)
·9H2O was synthesized and confirmed successfully. The results
show that the 6-coordinated geometry of the central iron(II) is
a distorted octahedron and a two-dimensional layer structural
system is formed by the interactions between [Fe(phen)3]2+

cation and uncoordinated pydc2- anion. The complex shows a
fluorescence emission at around 360 nm in methanol solution.
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