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Abstract: 
The reaction of 1-((1H-imidazol-4-yl)methylene)thiosemicarbazide (HL) with NiCl2.6H2O in 2:1 ratio has yielded 

a mononuclear formulated as [Ni(HL)2].2Cl. The structure of the complex was solved by single crystal X–ray 

crystallography. The asymmetric unit of the mononuclear complex is composed by one Ni2+ ion, two neutral 

molecules of ligand and two chloride anions. Each ligand molecule acts in tridentate fashion yielding a 

hexacoordinated Ni(II) ion with an environment best described as a octahedral geometry. Complex 1 crystallizes 

in the monoclinic space group Pī with the following parameters: a = 8.17376(16) Å, b = 9.17460(15) Å, c = 

13.2716(2) Å,  = 95.1157(14)°, β = 107.0840(16)°,  = 101.2883(15), V = 921.44(3) Å3, Z= 2, R1 = 0.0208, wR2 

= 0.054. The supramolecular structure is consolidated by multiple hydrogen bonds. 
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I. Introduction 
 Due to their varied biological properties, thiosemicarbazones are widely studied. Some of these 

compounds exhibit antitumor [1–3], antiviral [4, 5], antimicrobial [6, 7], and antimalarial [8, 9] properties. Some 

of these properties can be enhanced by the coordination of these molecules to transition metals. Schiff bases 

derived from thiosemicarbazide were used for preparing a wide range of coordination complexes with interesting 

physical properties [10–12]. In addition to the physical properties, the coordination complexes present more 

important biological properties [13–16] on comparison to the biological properties of organic ligands which 

generate these compounds. These complexes often present original molecular structures owing to the different 

coordination modes depending on the topology of these Schiff bases [17–20]. Indeed, the thiosemicarbazide 

fragment can be complexed in various ways owing to the possibility of a thione/thiol equilibrium which can be 

established. Thus, the sulfur atom can bind to the metal in its thione form or in its thiolate form or remains free 

[21–24]. Consequently, the complexes prepared can present several types of physical properties such as 

magnetism [25, 26], fluorescence [27, 28] or catalytic [29, 30] as reported. The aim of this study is to synthesize 

a new ligand 1-((1H-imidazol-4-yl)methylene)thiosemicarbazide (HL) and its nickel (II) complex and to present 

a structural analysis of the synthesized compounds (Fig. 1). Infrared, 1H and 13C NMR spectroscopies and X-ray 

diffraction were used in the experimental determination of the structures of the ligand and the complex (Scheme 

1). 

 

II. Material And Methods 
Materials and Procedures  

 4H-imidazole-2-carbaldehyde, thiosemicarbonohydrazide, as well as NiCl2
.6H2O were commercial 

products from Aldrich and were used without further purification. Solvents were of reagent grade and were 

purified by the usual methods. Elemental analyzes were performed in a Carlo-Erba EA microanalyzer. Infrared 

spectra were recorded on a Perkin Elmer Spectrum Two spectrophotometer (4000–400 cm-1). The 1H and 13C 

NMR spectra of the Schiff base were recorded in MeOD-d4 on a Bruker 250 MHz spectrometer at room 

temperature using TMS as internal reference. The UV–Vis spectra were recorded in acetonitrile solution 

concentration of 10−3 M at 25 °C on a Perkin Elmer Lambda 365 UV–Vis spectrophotometer. The molar 
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conductance of 10-3 M solution of the metal complex in acetonitrile was measured at 25° C using a WTW LF-330 

conductivity meter with a WTW conductivity cell. Room-temperature magnetic susceptibility of the powdered 

sample was measured using a Johnson Matthey scientific magnetic susceptibility balance (calibrant 

Hg[Co(SCN)4]). 
 

Synthesis of the Schiff base ligand 1-((1H-imidazol-4-yl)methylene)thiosemicarbazide (HL) 

 To a round bottomed flask, 20 mL of methanol and thiosemicarbazide (0.9114 g, 10 mmol) were added 

successively and stirred. After the dissolution of the compound, 4H-imidazole-2-carbaldehyde (0.9609 g, 10 

mmol) and two drops of glacial acetic acid were added. The resulting mixture was refluxed for three hours. On 

cooling, the white precipitate, which appears, was recovered by filtration, and successively washed with cold 

methanol (2 x 10 mL) and diethyl ether (2 x 10 mL), before being dried in open air. Yield:  92%. M.P : 170° C. 

Anal. calcd. for C5H7N5S: % C, 35.49; % H, 4.17; % N, 41.39; S, 18.95. Found % C, 35.47; % H, 4.19; % N, 

41.36; S, 18.91. FTIR: (, cm-1) : 3385, 3200, 1692, 1615, 1516, 1259, 795. 1H NMR (MeOD-d4, (ppm)): 7.94 

(S, 1H, H—Nhydrazino),7.84 (S, 1H, CH=N), 7.56 (S, 1H, H—Nimidazol), 7.45 (S, 1H, H—Cimidazol),7.23 (S, 1H, H—

Cimidazol), 4.95 (S, 2H, H2N—). 13C NMR  (MeOD-d4, δ(ppm)) : 178.48, 137.12, 134.95, 122.70, 120.66. 

 

Synthesis of the complex  

 A methanolic (10 mL) solution of NiCl2
.6H2O (0.1189 g, 0.5 mmol) was added to a flask containing a 

solution of HL (0.0846 g, 0.5 mmol) dissolved in 10 mL of methanol. The mixture was refluxed for one hour. 

Upon cooling, the solution was filtered and left to slow evaporation. Blue crystals suitable for X-ray analyzes 

were recovered after a week.  Yield : 68.8 % . Anal. calcd. for NiC10H14N10Cl2S2: . Found % C 25.66; % H 3.02; 

% N 29.93; % Cl 15.15; S 13.70. Found % C 25.64; % H 3.00; % N 29.90; % Cl 15.13; S 13.72. FTIR: (, cm-1) : 

3380, 3203, 1605, 1240, 759. MP > 260.  

 

X-ray data collection structure determination and refinement 

Single crystals of C10H14NiN10Cl2S2 were grown by slow evaporation of MeOH solution of the complex. 

A suitable crystal was selected and mounted on a XtaLAB Synergy, Dualflex, Hypix diffractometer Radiation 

with graphite monochromatized MoKα radiation (λ = 0.710173). Data were collected at the temperature of 100 

K. Details of the X-ray crystal structure solution and refinement are given in Table 1. The structure was solved 

with the SHELXT [31] structure solution program using direct methods and refined with the SHELXTL [32] 

software package. The hydrogen atoms of NH groups were located in the Fourier difference maps and refined. 

Molecular graphics were generated using ORTEP [33]. 

 

 
Scheme 1. Synthesis procedure of the ligand and the complex [Ni(HL)2].2Cl. 
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Table-1. Crystal data and details of the structure determination of the complex. 

Empirical formula C10H14N10Cl2NiS2 

Formula weight (g/mol) 468.04 

Crystal system Triclinic 

Space group Pī 

Crystal size (mm) 0.20 × 0.13 × 0.07 

Mo Kα (Å) 0.71073 

Temperature (K) 100 

a (Å) 8.17376(16) 

b (Å) 9.17460(15) 

c (Å) 13.2716(2) 

 (°) 95.1157(14) 

β (°) 107.0840(16) 

 (°) 101.2883(15) 

V (Å3) 921.44(3) 

Z 2 

Dcal (g cm–3) 1.687 

F(000) 476 

µ (mm−1) 1.59 

max (°) 34.1880 

h, k, l ranges –10 ≤ h ≤ 10, –11 ≤ k ≤ 10, –16 ≤l ≤ 16 

Measured reflections 22511  

Independent reflections 3768 

Reflections [I > 2σ(I)]  3604 

Rint 0.036 

R[I > 2σ(I)] 0.020 

wR2 0.0.54 

Data/parameters/restraints 3604/226/0 

Goodness–of–Fit 1.05 

Δρmax, Δρmin (e Å−3) 0.69, –0.26 

 

III. Results and discussions 
General studies 

Reaction of nickel(II) chloride and HL in 1:2 ratio in methanol produces the mononuclear nickel(II) 

complex [Ni(HL)2].2Cl (Figure 1). The infrared spectrum of the ligand 1-((1H-imidazol-4-

yl)methylene)thiosemicarbazide (HL) shows the presence of two bands pointed at 3385 cm-1 and 3200 cm-1 which 

are, respectively, assigned to ν(NH2) and ν(NH) vibrations of the ligand [34–36]. The bands due to the imidazole 

ring are pointed at 1615 cm-1 and 1516 cm-1 [37]. The C=N appears at 1692 cm-1, while the characteristic bands 

due to the thioamide NH–C=S moiety are pointed at 1259 cm-1 and 795 cm-1. The absence of the band 

characteristic of the S–H, expected at ca. 2600 cm-1, indicates that the compound is only in its thione form [38]. 

The 1H NMR spectrum of the ligand recorded in CD3OD-d4 shows a signal pointed at 7.94 ppm which is assigned 

to the proton of the hydrazinyl proton C=N–NH–. The proton of the azomethine group is pointed at 7.84 ppm. 

The protons –NH2 gives signal at and 4.95 ppm. The signals due to the three protons of the imidazole ring appear 
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in the range 7.56—7.23 ppm. The 13C NMR spectrum of HL recorded in CD3OD displays signal at 178.48 ppm 

which is characteristic of the carbon atom of the thiocarbonyl moiety. Signal due to the azomethine carbon atom 

is pointed at 173.89 ppm. The signals due to the carbon atoms of the imidazole ring are pointed at 134.95 ppm, 

122.70 ppm and 120.66 ppm, respectively. The comparative study carried out between the infrared spectrum of 

the ligand and those of the complex reveals differences due to the coordination to the metal ion. The infrared 

spectrum of the resulting complex still shows bands attributed due to the –NH2 and –NH- groups with small shifts. 

This observation shows that the ligand acts in its neutral form in the complex. The νC=N imine band appears on the 

nickel complex spectrum at 1605 cm-1, while the band of the νC=N vibration of imidazole ring is pointed at 1580 

cm-1. These strong shifts are due to the participation of the nitrogen atoms of the azomethine moiety and the 

imidazole ring of the ligand in the coordination to the metal ion [8, 9]. Additionally, the C=S  bands undergo shift 

effect and appears at 1240 cm-1 and 759 cm-1, indicating the involvement of the sulfur atom in the coordination to 

the nickel (II) cation [38].   In the electronic spectrum of the ligand, an intense band at 277 nm is attributed to the 

intraligand n → π* transition associated with the C=N and C=S groups. This band is present in the spectrum of 

the complex with a slight shift of the max. The electronic spectrum of the Ni(II) complex displays additional bands 

at 239 nm due to π→ π* transitions in the aromatic rings. The band at 284 nm  is due to n→ π* transition in C=N 

and C=S moieties. The band at 441 nm is attributed to the LMCT. The conductimetric measurement of the 

complex was carried out in a millimolar solution (10-3 M) of dimethylformamide. The value of the molar 

conductivity of the fresh solution (109 S.cm2.mol-1) and of the solution after two weeks (115 S.cm2.mol-1) shows 

a slight variation in conductivity which corresponds to a 2:1 electrolyte stable in DMF solution [39]. The eff value 

of the magnetic moment of 2.87 B at room temperature for the diamagnetic Ni(II) complex is indicative of the 

presence of one metal atom per molecule. The magnitude of eff is consistent with the expected magnetic moment 

for octahedral Ni(II) complexes of 2.8–3.3 BM for a d8 system with S = 1 [40]. 

 

Molecular Structure of Complex (1) 
The complex crystallizes in the monoclinic system with the space group P21/c. Partially labelled plot of 

the mononuclear structure of Ni(II) complex is shown in Fig. 1. Selected interatomic distances are listed in Table 

2. The structure of the complex is consistence with the [Ni(HL)2].2Cl formulation. The asymmetric unit contains 

one Ni2+, two neutral organic ligand, and two free chloride anions. The crystallographic study shows that the 

cation is formed with 1:2 [Ni:HL]. In the complex each Schiff base molecules acts in tridentate fashion through 

one azomethine nitrogen atom, one imidazole nitrogen atom and one thione sulfur atom resulting in two membered 

chelating rings NiNCCN and NiNNCS with bite angles of N6—Ni1—N8 = 78.30(5)°, N1—Ni1—N3 = 78.37(5)°, 

S1—Ni1—N3 = 80.80(4)°, S2—Ni1—N8 = 80.44(4)°. The metal center is hexacoordinated, and the nickel (II) 

atom is in a severely distorted octahedral environment. The basal plane is occupied by N1, N6, S1 and S2 atoms, 

the apical positions being occupied by N3 and N8 atoms. The angles in the basal plan N1‒ Ni1‒N6 = 88.41(5)°, 

N6‒Ni1‒S1 = 95.49(4)°, S1‒Ni1‒S2 = 92.75(1)°, N1‒Ni1‒S2 = 90.95(4)°, N1‒Ni1‒S1 = 159.14(4)°, N6‒Ni‒S2 

=159.43(4)° and the angles between the apical atoms N3‒Ni1‒N8 = 174.64(5)° deviate severely from the ideal 

angles values of 90° and 180° for octahedral geometry. These facts are indicative of a severely distorted octahedral 

polyhedron around the Cu atom center. Each ligand form two five membered rings which are almost planar 

[NiSCNN (rms: 0.0673 Å and 0.0275 Å) and NiNCCN (rms: 0.0372 Å and 0.0370 Å)]. In each ligand molecule, 

the two five membered rings issued from the coordination form dihedral angles of 6.600(1)° and 3.533(1)°, 

respectively. The Ni–S distances are respectively 2.4662(5) Å and 2.4456(5) Å and are consistence with those 

reported in the literature [38, 41]. The Ni–N(imidazole) bond lengths [2.082(1) Å and 2.094(1) Å] are slightly 

longer than the Ni–N(imine) distances [2.042(1) Å and 2.046(1) Å]. In the chain –C4–N3–N4–C5(S1)–,  C4–N3 

and C5–S1 bond lengths values of 1.283(2) Å and 1.697(1) Å are consistence with double bond character, while 

C5–N4 distance of 1.350(2) Å and N3–N4 distance of 1.367(2) Å are indicative of a simple bond character. The 

same fact are observed in the second ligand molecule: C9–N8 and C10–S2 bond lengths values of 1.286(2) Å and 

1.711(1) Å are consistence with double bond character while C10–N9 distance of 1.349(2) Å and N8–N9 distance 

of 1.367(2) Å are indicative of a simple bond character. All these observations show clearly that iminolisation 

does not undergoes for the thiosemicarbazide moiety upon coordination and the sulfur atoms coordinate to the 

Ni(II) in their thione form as observed in a similar complex [Ni(H2L)2].2Cl where H2L is 1-(1-hydroxypropan-2-

ylidene)thiosemicarbazide [42]. Intermolecular hydrogen bonds involving the NH of the imidazole nitrogen, the 

NH of the hydrazine, and the NH of the amino groups of the ligand as donor and the chloride anion or the thione 

sulfur atom as acceptor : N7–H7···Cl2i, i = −x+2, −y+1, −z; N4—H4···Cl1ii, N5—H5A···O1ii : ii = −x+2, −y+2, 

−z+1; N9—H9···Cl2 iii, N10—H10A···Cl2iii : iii = −x+1, −y, −z; N2—H2···S2iv: iv = x+1, y, z; N5—H5B···Cl1v 

: v = x−1, y, z; N10—H10B···Cl1vi: vi = x−1, y−1, z) (Table 3, Fig. 2) consolidate the structure in a three–

dimensional network (Fig. 3).      
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Figure 1: ORTEP plot (30% probability ellipsoids) showing the structure of (1). 

 

Table-2. Selected bond lengths (Å) for complex 1. 

Ni1—S2 2.4662 (4) S2—C10 1.7112 (15) 

Ni1—S1 2.4456 (4) S1—C5 1.6975 (15) 

Ni1—N8 2.0421 (12) N8—N9 1.3673 (16) 

Ni1—N3 2.0459 (12) N8—C9 1.2860 (19) 

Ni1—N6 2.0939 (12) N3—N4 1.3674 (17) 

Ni1—N1 2.0819 (12) N3—C4 1.283 (2) 

S1—Ni1—S2 92.746 (13) N3—Ni1—N6 97.57 (5) 

N8—Ni1—S2 80.44 (3) N3—Ni1—N1 78.37 (5) 

N8—Ni1—S1 102.89 (3) N6—Ni1—S2 158.43 (3) 

N8—Ni1—N3 174.64 (5) N6—Ni1—S1 95.49 (3) 

N8—Ni1—N6 78.30 (5) N1—Ni1—S2 90.95 (3) 

N8—Ni1—N1 97.98 (5) N1—Ni1—S1 159.13 (3) 

N3—Ni1—S2 103.42 (3) N1—Ni1—N6 88.41 (5) 

N3—Ni1—S1 80.80 (4)   
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Figure 2: Plot showing the inter and intramolecular hydrogens bonds in the crystal. 

 

 
Figure 3.  The packing of the complex (1) in the crystal structure. 
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Table-3. Intra and inter molecular hydrogen bonds. 

D—H···A D—H H···A D···A D—H···A 

N7—H7···Cl2i 0.88 2.32 3.1857(13) 169.5 

N4—H4···Cl1ii 0.88 2.36 3.1719(12) 153.3 

N9—H9···Cl2iii 0.88 2.40 3.1966(12) 150.8 

N2—H2···S2iv 0.88 2.48 3.2896(13) 152.9 

N5—H5A···Cl1ii 0.88 2.40 3.2111(14) 153.9 

N5—H5B···Cl1v 0.88 2.58 3.3352(14) 144.7 

N10—H10A···Cl2iii 0.88 2.34 3.1647(14) 155.8 

N10—H10B···Cl1vi 0.88 2.31 3.1754(14) 167.1 

Symmetry codes: (i) −x+2, −y+1, −z; (ii) −x+2, −y+2, −z+1; (iii) −x+1, −y, −z; (iv) x+1, y, z; (v) x−1, y, z; (vi) x−1, y−1, z. 

 

IV. Conclusion 
 The ligand 1-((1H-imidazol-4-yl)methylene)thiosemicarbazide (HL) and its nickel(II) complex 

[Ni(HL)2].2Cl were synthesized and characterized with various physicochemical techniques such as elemental 

analyses, IR, NMR, and single crystal X-ray diffraction analysis. The metal atoms is bonded to each of the two 

ligand molecules by a nitrogen atom from the imidazole ring, the azomethine nitrogen atom and the thione sulfur 

atom from the S=C(NH2)-NH‐N=C chromophore. Tus nickel(II) ion is hexacoordinated, yielding an octahedral 

geometry around the nickel(II) center. Two uncoordinated chloride anions are present as counter ions. 

 
Supplementary Materials 

 CCDC-2253997 contains the supplementary crystallographic data for this paper. These data can be 

obtained free of charge via https://www.ccdc.cam.ac.uk/ structures/, or by e-mailing 

data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data Centre, 12 Union Road, 

Cambridge CB2 1EZ, UK; fax: +44(0)1223-336033. 
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