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Abstract 
Layered metal-organic polymer [Co(L)6](NO3)2 was obtained (where, L = 
C3H4N2) and structurally characterized by X-Ray diffraction (XRD) analysis. 
Crystals have trigonal structure: a = b = 12.3555(10) Ǻ, c = 14.4833(3) Ǻ; α = 
β = 90˚; γ = 120˚; V = 1914.78(5) Ǻ; R3, Z = 3. The structure of the complex 

consists of discrete [Co(L)6]2+ cations and 3NO−  anions. The Co2+ ion has a 
centrosymmetric octahedron configuration with a coordination site—CoN6. 
The ligand is coordinated monodentate through the pyridine nitrogen atom 
(N3) to the Co2+ ion with an average Co-N bond distance of 2.1590 Ǻ. Mole-
cules in the coordination polymer are additionally linked by intermolecular 
hydrogen bonds through the pyrrole nitrogen atom (-N-H) and oxygen of the 
nitrate group with the formation of a polymer chain of the type: N-H…O. 
The chains are linked in layers along the (001) plane. 
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1. Introduction 

Metal-organic coordination polymers of the compound of 3d-metals with mul-
tidentate ligands can be considered as precursors for the creation of organic hy-
brid materials. The increased attention to such compounds is associated with 
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their unusual structures and the possibility of obtaining multifunctional mate-
rials on their basis. The latter should include magnetoactive [1], luminescent [2], 
sorption [3] and bioactive [4] properties.  

The preparation of coordination polymers of various types (linear, chain, 
layered, framework) [5] depends on many factors, such as the coordination pre-
ference of metals, geometric characteristics of organic ligands, the nature of coun-
terions, etc. Among the ligands suitable for the synthesis of compounds with the 
above-mentioned properties, such a ligand likes an imidazole containing two 
different nitrogen atoms: pyridine and pyrrole. Consequently, imidazole can act 
as both a chelating and a bridging ligand [6]. In addition, imidazole can partici-
pate in the formation of hydrogen bonds through the -N-H groups of imidazole 
with the counter ion ( 3NO− ), creating supramolecular assemblies. 

This work presents the results of synthesis, IRS, DTG, X-ray structural analy-
sis of the layered metal-organic polymer [Co(L)6](NO3)2 (I). 

2. Experimental  

We used the reagents Co(NO3)2·6H2O (reagent grade) imidazole (Sigma Aldrich, 
99.5%). The complex was obtained by the interaction of cobalt nitrate with im-
idazole according to the well-known method [7]. The compound is crystals of 
light lilac color, stable in air, Tm. = 238˚С. 

Elemental analysis of the complex: 
Found%: C = 35.05; H = 3.89; N = 32.08; Co = 9.11. 
Calculated%: C = 36.52; H = 4.05; N = 33.14; Co = 9.96. 
Elemental analysis was performed on an EA-3000 elemental analyser (Euro- 

Vector). IR spectra of the ligand and the synthesized complex (I) were recorded 
in tablets on a Nicolette Avatar spectrophotometer in the range of 400 - 4000 
cm−1. The thermogram of the compound was recorded on a Paulik-Paulik-Erdey 
system derivatograph in an air atmosphere when heated from 20˚C to 1000˚C at 
a heating rate of 10 degree per minute. Alumina (Al2O3) served as the standard. 
X-ray structural analysis of the crystal was carried out at a temperature of 100 K 
on a Bruker Quest D8 diffractometer equipped with a Photon-ΙΙΙ detector and a 
water-cooled X-ray tube (30 mA, 50 kB, λ (MoKα) = 0.71073 Ǻ, graphite mo-
nochromator, φ- and ω-scanning , step 0.35˚, exposure time 2 sec). Registration of 
reflections and establishment of the structure was carried out in the APEX soft-
ware [8] package ΙΙΙ. The reflection intensities were integrated using the SAINT 
program [9]. The reflection intensities were corrected to take into account the 
absorption of radiation by the crystal using the SADABS program [10] semi- 
empirically using equivalent reflections. The space group is determined using 
statistics of systematically absent reflections. The structure was solved by a direct 
method using SHELXT [11]. The positions of all atoms were found from the 
difference electron density map. The structure was refined by the least squares 
method in the anisotropic (for hydrogen atoms—isotropic) full matrix approxi-
mation in F2 in the SHELXL-2018 program [12]. SHELXTL software package is 
used to visualize the structure. 
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3. Results and Discussions 

The main crystallographic data and the results of structure refinement are given 
in Table 1, the main bond lengths and bond angles are in Table 2, and the 
structure of the complex is shown in Figure 1. 

The thermal behavior of the free ligand (Figure 2) and the complex (Figure 
3) was studied by the derivatographic method with recording the TG curve. Sev-
eral thermal manifestations are observed on the DTA curve of the ligand: endo-
thermic—65˚C, 75˚C, 215˚C and exothermic effect at 360˚C, which correspond 
to the removal of adsorbed moisture, melting, decomposition and burnout of the 
organic part. 

 

 
Figure 1. The structure of [Co(L)6]2+ cation complex. 

 
Table 1. Crystallographic characteristics, details of the experiment and refinement of the 
structure of the compound [Co(L)6](NO3)2. 

Parameter Value 

Molecular folrmula [Co(C3H4N2)6](NO3)2 

Brutto formula C18H24CoN14O6 

Molecular mass 591.44 

Т, К 100 

Syngony Trigonal 

Space group R-3 

Unit cell parameters:  

a, Å 12.3555(10) 

b, Å 12.3555(10) 

c, Å 14.4833(5) 

α (degree) 90 

β (degree) 90 
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Continued 

γ (degree) 120 

V, Ǻ3 1914.78(5) 

Z 3 

P (calc.), g/cm3 1.539 

2θ region (min, max) deg. 2.367 - 33.150 

Index range −18 ≤ h ≤ 18; −18 ≤ K ≤ 18, −22 ≤ 1 ≤ 22 

Number of measured reflections 18563 

Number of independent reflections 1625 [Rint = 0.0273] 

Data/adjustable parameters 1625/76 

600 F – no F2 1.083 

R indices У ≥ 26 (У) R1 = 0.0233, WR2 = 0.0670 

R indexes or all data R1 = 0.0239, WR2 = 0.0676 

∆ρmax, ∆ρmin, e/Ǻ3 0.556 - 0.478 

 
Table 2. Selected bond lengths (Å) and bond angles (degrees) in the structure 
[Co(L)6](NO3)2. 

Bond d, Å Bond d, Å 

Co(1)-N(1)≠1 2.1588(6) C(2)-N(3) 1.3436(10) 

Co(1)-N(1)≠2 2.1589(6) C(2)-H(2) 0.933(14) 

Co(1)-N(1)≠3 2.1589(6) N(3)-C(4) 1.3702(12) 

Co(1)-N(1)≠4 2.1589(6) N(3)-H(3) 0.873(19) 

Co(1)-N(1) 2.1589(6) C(4)-C(5) 1.3663(12) 

Co(1)-N(1)≠5 2.1590(6) C(4)-H(4) 0.912(16) 

N(1)-C(2) 1.327(9) C(4)-H(5) 0.937(15) 

N(1)-C(5) 1.3826(10) O(2)-N(4) 1.2547(6) 

Angle ω, dеg Angle ω, dеg 

N(1)≠1-Co(1)-N(1)≠2 91.76(2) N(1)-C(2)-N(3) 111.44(7) 

N(1)≠1-Co(1)-N(1)≠3 88.24(2) N(2)-C(2)-H(2) 126.5(9) 

N(1)≠2-Co(1)-N(1)≠3 180.0 N(3)-C(2)-H(2) 122.0(9) 

N(1)≠1-Co(1)-N(1)≠4 180.0 C(2)-N(3)-C(4) 107.65(7) 

N(1)≠2-Co(1)-N(1)≠4 88.25(2) C(2)-N(3)-H(3) 123.9(12) 

N(1)≠3-Co(1)-N(1)≠4 91.75(2) C(2)-N(3)-H(3) 128.4(12) 

N(1)≠1-Co(1)-N(1) 88.25(2) C(5)-C(4)-N(3) 106.02(7) 

N(1)≠2-Co(1)-N(1) 88.25(2) C(5)-C(4)-H(4) 131.6(10) 

N(1)≠3-Co(1)-N(1) 91.75(2) C(4)-C(5)-N(1) 109.53(7) 

N(1)≠4-Co(1)-N(1) 91.75(2) C(4)-C(5)-H(5) 129.5(9) 

N(1)≠1-Co(1)-N(1)≠5 91.75(2) N(1)-C(5)-H(5) 120.9(9) 

N(1)≠2-Co(1)-N(1)≠5 91.75(2) O(2)-N(4)-O(2)≠6 119.999(1) 

N(1)≠3-Co(1)-N(1)≠5 88.25(2) O(2)-N(4)-O(2)≠7 120.000(1) 

N(1)≠4-Co(1)-N(1)≠5 88.24(2)   

N(1)-Co(1)-N(1)≠5 180.0   

C(2)-N(1)-C(5) 105.35(6)   

C(2)-N(1)-Co(1) 123.63(5)   
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Figure 2. С3H4N2 complex thermogram. 

 

 
Figure 3. [Co(L)6](NO3)2 complex thermogram. 

 
The TG curve of the complex records three stages of weight loss. The first 

(70˚C - 170˚С) corresponds to the removal of weakly bound guest water mole-
cules. The second (220˚C - 445˚C), due to the actual thermal destruction of the 
complex, reflects the most intense weight loss (50.00%). Differentiation of the 
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TG curve made it possible to establish that the maximum rate of weight loss falls 
on 300˚C. Subsequent, weakly expressed stages are associated with the desorp-
tion of thermolysis products. The residual product is CoO. 

Based on the study of the IR spectrum of pure imidazole (Figure 4), it was 
revealed that stretching vibrations of the cyclic C=N and C-N bonds of the 
imidazole molecule correspond to a series of absorption bands in the frequency 
range 1670 - 1577, 1543 - 1261, and 1261 - 1324 cm–1. The appearance of high- 
frequency absorption bands at 1668 and 1577 cm–1 is due to stretching vibrations 
of C-N bonds of the imidazole ring. Intense bands at 1495, 1482, 1447, 1325, 
1055 cm−1 correspond to stretching vibrations of the imidazole ring. Bands 
within 1261 - 940 cm–1 are characteristic of deformation vibrations of C-C, N-C 
and C-H groups. Strong bands in the range of 740 - 890 cm–1 correspond to 
out-of-plane deformation vibrations of C-H groups. 

In the IR spectrum of the complex (Figure 5), changes occur in the region of 
vibrations of the main functional groups: the absorption bands of stretching vibra-
tions of conjugated bonds ν (C = C) and ν (C = N) disappear, a high-frequency 
shift occurs by (25 - 30 cm−1), the intensity of the stretching vibration of the  
 

 
Figure 4. IR spectrum of imidazole. 
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Figure 5. IR absorption spectrum of [Co(L)6](NO3)2 complex. 

 
azole ring at 1480 - 1580 cm−1 and new frequencies ν (co-N) appear at 455 - 590 
cm−1. From this, it follows that the complex undergoes monodentate coordina-
tion of the imidazole molecule through the pyridine nitrogen atom N(3), which 
is confirmed by X-ray diffraction data. 

The crystal and molecular structure of the [Co(L)6](NO3)2 complex, which crys-
tallizes in the trigonal system with the space group R-3, has been determined by 
X-ray diffraction. The lattice parameters are: a = 12.3555(10), b = 12.3555(10), c 
= 14.4833(3) Ǻ; α = 90˚, β = 90˚; γ = 120˚; V = 1914.78(5) Ǻ, Z = 3 (Table 1). 
The structure of the complex consists of discrete [Co(L)6]2+ cations and 3NO−  
anions. The Co2+ ion has a centrosymmetric octahedron configuration with a 
coordination site—CoN6 (Figure 1). Imidazole ligand molecules are coordinated 
through the pyridine nitrogen atom N(3) to the Co2+ ion with an average Co···N 
bond distance of 2.1590 Ǻ. 

In the octahedral complex [Co(L)6](NO3)2 three trans angles are 180˚ in sym-
metry, and the remaining angles vary from 88.24(2) to 91.76(2)˚ (Table 2). The 
Co-N bond distance is as follows: a short Co(1)-N(1) bond = 2.1588(6) and a 
long Co(1)-N(1) bond = 2.1592(2). The chelate cycle of the complex is flat, with 
an average deviation of 0.0015(2) Ǻ. Opposite imidazole rings are centrosymme-
tric. Adjacent imidazole rings are almost perpendicular to each other with dihe-
dral angles of 85.25(2), 91.75(2), and 88.25(2)˚, which minimizes steric effects 
between these rings. In the crystal structure, all imidazole N-H groups, nitrate 
ions contribute to the formation of hydrogen bonds. The number of intermole-
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cular contacts with a hydrogen bond, including N-H groups and 3NO−  anions, 
connect the cations into layers in the ab plane. The [Co(C3H4N2)6]2+ cations, in 
turn, are linked by 3NO−  anions, forming a three-dimensional network of hy-
drogen bonds, which stabilizes the crystal structure of the [Co(C3H4N2)6](NO3)2 
complex. 

4. Conclusion 

In summary, we determined structure of [Co(L)6](NO3)2 complex, in which num-
ber of intermolecular contacts with a hydrogen bond, including N-H groups and 

3NO−  anions, connect the cations into layers in the ab plane. Imidazole ligand 
molecules are coordinated through the pyridine nitrogen atom N(3) to the Co2+ 
ion. As a result of biological screening, it was established that the [Co(L)6](NO3)2 
complex has a fungicidal effect on the Candida bacterial culture. The develop-
ment is protected by a patent of the Kyrgyz Republic (No. 2211 dated June 9, 
2020). 
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