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Abstract. A new Co(III) complex [Co III(2,3-pdcH)3]·3H2O, (2,3-pdcH2 - 2,3-pyridinedicarboxylic acid)
has been synthesized from a Co(II) salt at room temperature by using (NH 4)2S2O8 as oxidant. The
complex was characterized by elemental analysis, IR and UV-Vis spectroscopy, X-ray diffraction and
thermogravimetric analyses. The complex crystallizes in the monoclinic space group P21/c. The crystal
structure reveals a homoleptic complex with a distorted octahedral geometry, where the ligand acts as a
monodeprotonated N, O-chelating anion.
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Introduction
Cobalt and pyridinedicarboxylic acids are
well known for their role in inorganic
biochemistry [1,2]. Cobalt is an essential metal in
proteins and plays major roles in a diverse range
of enzymatic and electron-transfer processes due
to its availability in two stable and accessible
oxidation states, as other first–row transition
metals. Co(III) ion is the active center of
cobalamin, which is a vitamin with a key role in
the normal functioning of the brain and nervous
system, and the formation of red blood cells [3,4].
Furthermore, Co(III) complexes have been known
long time among the most effective catalysts for
the hydrolytic cleavage of amides, esters, and
phosphates [5,6]. Several cobalt complexes
possess anti-oxidant [7,8] and insulin-like effects
[9,10], similar to vanadium complexes.
Cobalt and pyridinedicarboxylic acids are
well known for their role in inorganic
biochemistry [1,2]. Cobalt is an essential metal in
proteins and plays major roles in a diverse range
of enzymatic and electron-transfer processes due
to its availability in two stable and accessible
oxidation states, as other first–row transition
metals. Co(III) ion is the active center of
cobalamin, which is a vitamin with a key role in
the normal functioning of the brain and nervous
system, and the formation of red blood cells [3,4].
Furthermore, Co(III) complexes have been known
long time among the most effective catalysts for
the hydrolytic cleavage of amides, esters, and
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phosphates [5,6]. Several cobalt complexes
possess anti-oxidant [7,8] and insulin-like effects
[9,10], similar to vanadium complexes.
In continuation of our previous studies
[20], we have synthesized a new Co(III)
complex of composition [Co(2,3-pdcH)3]·3H2O
(1)
(where
2,3-pdcH
–monoanion
of
2,3-pyridinedicarboxylic acid) in order to extend
the knowledge on 2,3-pyridinedicarboxylate
complexes in the system of Co(III) ion, to explore
the possibility of its use as a model to explain
some intricate reactions in biological systems and
as monomeric blocks in the construction of
supramolecular architectures.
Experimental part
Materials
The 2,3-pyridinedicarboxylic acid (2,3pdcH2) was purchased from Aldrich and the other
chemicals were of analytical grade quality.
[Co(2,3-pdcH)3]·3H2O (1). A mixture of
2,3-pdcH2 (1.5 mmol, 0.25 g) in 15 mL H2O and
(NH4)2S2O8 (2.5 mmol, 0.57g) in 10 mL H2O was
prepared. Further, it was added to an aqueous
solution of Co(NO3)26H2O (0.5 mmol, 0.14 g) in
10 mL. The solution turned dark violet upon
mixing. The reaction mixture was left to
crystallize slowly at room temperature. After
2 weeks, the solution was filtered to obtain small
violet plates crystals large enough for singlecrystal X-ray studies. Yield: 45.0%. Calculated
for {C21H18CoN3O15}: C 41.26, H 2.97, N 6.88%;
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Found: C 41.00, H 2.86, N 6.98%. IR
bands (cm-1): 3483, 3443, 3252, 3090, 3067,
2918, 2616, 2476, 2291, 1945, 1709, 1672, 1651,
1595, 1466, 1447, 1436, 1365, 1344, 1332, 1302,
1271, 1231, 1169, 1146, 1111, 1012, 996, 872,
828, 815, 758, 710, 690.
Measurements
The infrared spectrum was recorded in the
ATR mode on a Perkin Elmer Spectrum 100 FTIR Spectrometer in the range 4000-650 cm-1.
The UV-Vis spectrum was recorded for the
aqueous solution of the complex with a Perkin
Elmer UV-Vis spectrophotometer - Lambda 25 in
the range of 900-200 nm. Thermal analysis (TG)
was carried out in a Paulik-Paulik-Erdey
derivatograph in the 20-1000°C range. The
crucible containing 0.1 g sample was heated at
5°Cmin-1 in air. Elemental analyses (C, H, N)
were carried out on an Elemental Analyzer
Vario EL (III).
Crystal structure determination: A violet
plate single crystal having dimensions of around
0.500 x 0.050 x 0.010 mm was mounted on a
glass fiber. Crystallographic data for compound 1
were collected on a Rigaku R-AXIS RAPID II
diffractometer with confocal monochromatized
Mo-Kradiation, using ω-ϕ scan technique. The
data were collected at a temperature of 20 ± 1°C
to a maximum 2 value of 55.0°. The structure
was solved by direct methods [21] and refined
anisotropically using a full-matrix least-squares
method based on F2 with the SHELX-97 [22]. The
non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were refined using the riding
model. All calculations were performed using the
Crystal Structure [23] crystallographic software
package except for refinement, which was
performed using SHELXL97 [22]. The details of
the crystal parameters, data collection and
refinements for the complexes are presented in the
section Results and discussion. Other details for
the structural analysis are presented in the
Supplementary Material file. CCDC 1581718
includes all supplementary crystallographic data
of complex 1. These data can be obtained free of
charge from the Cambridge Crystallographic Data
Center via www.ccdc.cam.ac.uk/data_request/cif.
Results and discussion
In this article we studied the synthesis,
structure and physico-chemical properties of a
new 2,3-pyridinedicarboxylate complex of
Co(III).
A
recent
search
in
the
Cambridge Structural Data Base (CSD_2018)
yielded about 28 cobalt compounds with
2,3-pyridinedicarboxylate moiety. From those,

only 4 structures are Co(III) complexes [24-27]
and neither one was a neutral and homoleptic
complex. Herein, the complex 1, named triaquatris(pyridine-3-carboxylic
acid-2-carboxylatoO,N)-cobalt(III), has been isolated in the solid
state and the structure has been assigned on the
basis of its elemental analysis, IR and UV-Vis
spectroscopy, single crystal X-ray diffraction
study and thermogravimetric analysis.
Spectroscopic analyses
The typical vibrations of pyridine aromatic
ring and the vibrational modes for carboxylic
groups confirm the presence of the organic part
((C=C)= 1595, 1564 cm-1; (C=N) =1466, 1447 cm-1,
(C-O) =1111, 1012 cm-1) in the IR spectrum of the
complex 1. The spectrum reveals strong
as(COO-) absorption bands at 1651, 1595 cm-1
and also s(COO-) absorption bands at 1466 and
1436 cm-1. The presence of absorption band at
1709 cm-1 confirms the structural data indicating
that one carboxylic group remains protonated.
Comparison of the spectrum of 1 with the
spectrum of the free ligand reveals broad
absorption bands at 3483 and 3252 cm-1, which
are the characteristic peaks of vas,s(OH) of the
water molecules present in the complex [28].
The UV-Vis spectrum of complex 1 in
water (Figure 1) displays weak absorptions at
375 and 522 nm, which are assigned to the ligand
field transitions 1A1g → 1T2g and 1A1g → 1T1g,
respectively [29].

Figure 1. UV-Vis spectrum of the complex
[Co(2,3-pdcH)3]·3H2O (1).

Crystal structure
Single-crystal X-ray study reveals that the
asymmetric unit of complex 1 contains a
mononuclear neutral complex with one cobalt ion,
three 2,3-pyridinedicarboxylic anions and three
water molecules, [Co(2,3-pdcH)3]·3H2O. The
asymmetric unit with the atom numbering scheme
is shown in Figure 2. The mononuclear complex
crystallizes in the monoclinic space group P21/c.
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All crystallographic data and structure refinement
for 1 are shown in Table 1. The Co(1) ion is
coordinated by three 2,3-pyridinedicarboxylic
anions that act as bidentate ligands. The charge of
cobalt
ion
is
+3.
All
ligands
are
monodeprotonated and form a distorted
octahedral geometry with a [N3O3] chromophore
around cobalt(III) ion.

Co1-O1 (1.909(5) and 1.887(5) Å) and the third
axis is formed by Co1-N1 and Co1-O9 bonds
(1.929(7) and 1.875(6) Å), according to the data
shown in Tables 2 and 3. The crystal
packing reveals  stacking interactions between
the pyridine rings of the ligand belonging to
neighbour complex units in a parallel
displaced mode (Figure 3), as well as an extended
hydrogen bond network formed by the water
molecules and non-coordinated carboxylic groups
(Figure 4). The average bond distances
M-O, M-N are similar to those in other
2,n-pyridinedicarboxylate cobalt complexes types
of
[Co(2,3-pdcH)2(N3)2][Na3(H2O)10]
[24],
[Co(2,3-pdcH)2(en)2][Co(H2O)6] (where en –
ethylenediamine) [25].
Table 1

Crystallographic data and structure
refinement for [Co(2,3-pdcH)3]·3H2O (1).

Figure 2.View of the asymmetric unit for
[Co(2,3-pdcH)3]·3H2O with the atom numbering
scheme (50% probability ellipsoid).

Each ligand coordinates in a chelate mode
through the pyridine nitrogen atom and an oxygen
atom from one deprotonated 2-carboxylic acid
group, forming a five-membered chelate ring
(Figure 2). The remaining protonated carboxylic
group is not involved in coordination but forms
intramolecular hydrogen bonds with three water
molecules. From those three water molecules, one
is disordered and for this reason, the hydrogen
atoms could not be localized. The longest axis is
formed by two Co-N bonds, Co1-N2 and Co1-N3
with the lengths 1.908(6) Å and 1.955(6) Å, the
shortest axis is formed by two bonds Co1-O5 and

Parameter
Empirical formula
Formula weight, g/mol
Temperature, K
Crystal system
Space group
Lattice parameters
a, Å
b, Å
c, Å
, o
V, Å3
Z
ρcalc, g/cm3
μ, cm-1
F(000)
Radiation
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=2σ (I)]
Final R indexes [all data]
Largest diff. peak/hole, e Å-3

Value
C21H18CoN3O15
611.32
293
monoclinic
P21/c (#14)
15.68(2)
7.630(10)
21.49(3)
110.54(5)
2408(6)
4
1.686
7.991
1248.00
MoK
(0.71075 Å)
7948
4272
4272/0/393
1.111
0.0822
0.1752
0.45

Figure 3. Crystal packing details showing the intermolecular - stacking interactions.
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Figure 4. Crystal packing details showing the H-bonding network formed between
the complex and water molecules.

Thermal studies
The thermal stability of the complex
[Co(2,3-pdcH)3]·3H2O (1) was studied in the
20-1000°C temperature range and the results are
presented in Figure 5. The TG, DTG curves of 1
exhibit three main distinct decomposition steps. In
the 20-100°C temperature range the DTA curve
shows one endothermic effect (I: 22-97.8°C peak
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Table 3
Selected bond angles (o) for
[Co(2,3-pdcH)3]·3H2O (1).
Angle
ω (º)
Angle
O1-Co1-O5
178.0(3)
O1-Co1-O9
O1-Co1-N1
84.6(3)
O1-Co1-N2
O1-Co1-N3
93.8(2)
O5-Co1-O9
O5-Co1-N1
94.0(3)
O5-Co1-N2
O5-Co1-N3
87.7(2)
O9-Co1-N1
O9-Co1-N2
86.5(3)
O9-Co1-N3
N1-Co1-N2
93.0(3)
N1-Co1-N3
N2-Co1-N3
168.9(3)
Co1-O1-C1
Co1-O5-C8
113.7(5) Co1-O9-C15
Co1-N1-C2
111.8(5)
Co1-N1-C6
Co1-N2-C13 128.1(5)
Co1-N2-C9
Co1-N3-C16 109.8(4) Co1-N3-C20

(8.73%)) which corresponds to the consecutive
loss of three crystallization water molecules. An
essential mass loss can be observed from the next
decomposition step (II: 202-307°C peak
(44.37%)), which is expressed in two overlapped
processes accompanied by an exothermic
effect in the DTA curve and corresponds to
breaking and burning of one and a half of
2,3-pyridinedicarboxylic ligand. In the last step
(III: 307-451°C peak (33.90%)), the remaining
part of carboxylic ligands is eliminated, followed
by a summary exothermic effect, well delimited
on the DTG curve as two overlapped processes.
The final decomposition temperature of complex
1 is 430°C with the residue of 13.10%. Therefore,
the chemical and structural composition is in
agreement with thermal analyses data.

T, oC

Table 2
Selected bond lengths (Å) for
[Co(2,3-pdcH)3]·3H2O (1).
Bond
d (Å)
Bond
d (Å)
Co1-O1
1.887(5)
Co1-O5
1.909(5)
Co1-O9
1.875(6)
Co1-N1
1.929(7)
Co1-N2
1.908(6)
Co1-N3
1.955(6)
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Conclusions
The complex [CoIII(2,3-pdcH)3]·3H2O
was obtained using a Co(II) salt and
2,3-pyridinedicarboxylic acid as precursors and
(NH4)2S2O8 as the oxidant. The mononuclear
complex crystallizes in the monoclinic space
group P21/c. The 2,3-pyridinedicarboxylic ligand
coordinates in a bidentate, chelate mode through
the pyridine nitrogen atom and oxygen atom of
the
mono
deprotonated
2-carboxylic
group. Thermogravimetric analysis shows
three main distinct decomposition steps and the
final decomposition temperature of the
complex is 430°C.
Supplementary information

Supplementary data are available free of
charge at http://cjm.asm.md as PDF file.
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