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Abstract:  

In this work, we reported the experimental study of two new complexes named bis[chloro(1-

methyl-1H-imidazole-2-carbaldehyde oxime) Nickel(II) {Ni(L)2Cl2} (I) and Di-μ-chloro-

bis[chloro(1-methyl-1H-imidazole-2-carbaldehyde oxime) mercury(II) {Hg2(L)2Cl4}, 

DMF (II) based on (1-methylimidazole-2-aldoxime, L). The synthesis, crystallization, and 

characterization were detailed. Complex I display a hexa-coordinated compound with a 

distorted octahedral geometry. The NiII ion is coordinated to two ligands in bidentate mode 

through nitrogen atoms. Complex II has one unique HgII atom and forms a dimeric complex 

that contains two HgII atoms related by a crystallographic inversion centre. In this complex, 

the oxime ligand is ligated to the metal ion in a monodentate fashion through the nitrogen 

atoms. On the basis of bond distances, this complex exhibits a distorted tetrahedral geometry 

around each mercury centre metal. The complexes are analyzed using single-crystal 

diffraction, FT-IR, NMR, and UV-visible. Cyclic voltammetry was also used to understand 

the electrochemical behaviour of the ligand and both complexes. Furthermore, we have 

performed DFT calculations to get more about the spectral electronic transitions' nature, 

reactivity, and electronic structure of the ligand and complexes. 
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1. Introduction 

Transition metal ions are fundamental components of coordination complexes. Using ligands 

with several donor atoms is very beneficial since their metal complexes often lead to materials 

with beneficial physical properties and biological significance and can be exploited in diverse 

domains [1-2]. 

Oxime entities are widely recognized as versatile ligands, and their complexes with various 

transition metals have been studied since the beginning of the 20th century. The interest in 

oxime-containing coordination compounds is increasing due to their biological implications. 

The realization of their function and the metabolism mechanism in biological systems are 

connected with chelation by metal ions. Furthermore, oxime species play great importance in 

analytical chemistry and have been used extensively for detecting and separating transition 

metals [3-4]. 

In general, the reaction of oxime function with metal salts led to four coordination modes 

which confirm that the chemistry of metal-bonded oximes should be rich (Figure 1). The 

oxime ligand is potentially ambidentate and can coordinate with metal ions through nitrogen 

and/or oxygen atom(s), leading to mononuclear, dinuclear and trinuclear metal complexes [5].  

 

Fig. 1. The crystallographically established coordination modes of oxime and oximato groups. 

Several recent papers have presented various topics, including synthetic pathways leading to 

oxime complexes and structural and different coordination modes (Figure 2). The binding 

mode of the oxime function depends not only on the coordinative ability of the oxime group 

but also on the presence of atom donors in the same molecule [6-9]. For example, imidazole 

oximes present several donor atoms in their structures. They are also very appealing ligands 

for synthesizing coordination compounds. The chelating behaviour of imidazole oxime and 

the different options for coordination are well established [9]. 



 

Fig. 2. Some previously reported oxime complexes [6-9].  

In continuation of interest in the synthesis and characterization of coordination compounds, 

we report in the present work, the synthesis and structural characterization of nickel (II) and 

mercury (II) complexes containing 1-methyl-1H-imidazole-2-carbaldehyde oxime as a ligand. 

The electronic structure of the ligand and complexes are further studied using the DFT 

method, and several computational parameters such as EHOMO, ELUMO, ΔE, χ, η, σ and ΔN are 

calculated. The ligand and the two studied complexes were also characterized by cyclic 

voltammetry. 

2. Experimental section 

2.1. Materials and instrumentation 

All the reagents and solvents were purchased from Aldrich, Acros Organics, and Merck and 

used without further purification. The melting point was determined using a Büchi M-

565 Automatic Melting Point Apparatus. The NMR spectra of Ligand and complex II were 

recorded on a Bruker Avance 250 MHz mixture of CDCl3 and DMSO-d6. The UV spectra 

were recorded on an Optizen 1220 UV/VIS Spectrophotometer and FT-IR spectra were 

recorded on a Thermo Scientific Nicolet iS50 FTIR spectrophotometer. Single crystals of 

complexes I and II were grown by crystallizing the crude products in DMF. Crystallographic 

data for both structures were collected on a Bruker APEX II diffractometer equipped with an 

Apex II CCD detector using Mo-K radiation (microfocus sealed tube with a graphite 

monochromator). The crystal was coated with Paratone oil and mounted on loops for data 



collection. The reported structure was solved by direct methods with SIR2002 [10] to locate 

all the non-H atoms, which were refined anisotropically with SHELXL97 [11] using full-

matrix least-squares on the F2 procedure from within the WinGX [12] suite of software used 

to prepare material for publication. All absorption corrections were performed with the 

SADABS program [13]. All non-hydrogen atoms were refined anisotropically. Hydrogen 

atoms were placed in idealized geometrical positions and refined with Uiso tied to the parent 

atom with the riding model. A Voltalab PGZ 301 was used in our experiments. The 

electrochemical study was carried out by cyclic voltammetry (CV) and performed using a 

three-electrode cell containing a glassy carbon disk (GCE) as the working electrode, a 

platinum wire as an auxiliary electrode, and a KCl-saturated calomel electrode (SCE). A 0.1 

M solution of tetrabutylammonium tetrafluoroborate (Bu4NBF4) in dimethylsulfoxide was 

used as a supporting electrolyte. Before electrochemical measurements, all solutions were 

deaerated by argon bubbles for about 10 minutes.  

2.2. Preparation of ligand L, complex I and complex II 

2.2.1. Synthesis of -1-methyl-1H-imidazole-2-carbaldehyde oxime (L) 

1-methyl-1H-imidazole-2-carbaldehyde oxime (L) has been synthesized following established 

methods. Spectroscopic results and physical properties agree with literature reports [14].  UV–

Vis (DMF, λmax/nm): 275; IR (cm−1): 3120, 2990, 2920, 1670, 1630, 1520, 1470, 1420, 1280, 

1150, 1080, 974, 936, 889, 837, 727, 687; 1H NMR (250.13 MHz) δ (ppm): 11.46 (sL, 1H), 

8.08 (s, 1H), 6.96 (s, 2H), 3.81 (s, 3H); 13C NMR (62.9 MHz) δ (ppm):  141.1, 140.2, 128.0, 

123.7, 34.9. 

2.3.2. Synthesis of complexes 

2.3.1. Preparation of {Ni(L)2Cl2} (I) 

A mixture of a mixture of 1-methyl-1H-imidazole-2-carbaldehyde oxime (L) (2.0 mmol; 

250.2 mg) and NiCl2 (1.0 mmol; 129.6 mg) was dissolved in 10 ml of EtOH. The mixture was 

stirred for 18 hours. Solid were collected by filtration and dried in vacuo. Green powder; 

Yield 60 %; m.p. 229–230°C; UV–Vis (DMF, λmax/nm): 278, 497, 634; IR (cm−1): 2983, 

1655, 1531, 1477, 1234, 1089, 926, 885, 628. Green crystals of I were obtained from 

dimethylformamide solution. 

2.3.2. Preparation of {Hg2(L)2Cl4}, DMF (II)  

Complex II was obtained by a similar method as described for I. A mixture of 1-methyl-1H-

imidazole-2-carbaldehyde oxime (L) (1.0 mmol; 125.1 mg) and HgCl2 (1.0 mmol; 271.5 mg) 



was dissolved in 10 ml of EtOH. The mixture was stirred for 18 hours. The obtained solid 

were collected by filtration and dried in vacuo. White powder; Yield 65 %; m.p. 180–183°C; 

UV–Vis (DMF, λmax/nm): 278, 641; IR (cm−1): 3404, 3006, 2962, 2360, 1655, 1549, 1491, 

1429, 1373, 1291, 1274, 994, 968, 673; 1H NMR (250.13 MHz) δ (ppm): 11.95 (sL, 1H), 8.33 

(s, 1H), 7.15 (d, J=4.6Hz, 2H), 3.82 (s, 3H); 13C NMR (62.9 MHz) δ (ppm): 140.1, 137.2, 

126.8, 123.9, 34.7. White crystals of II were obtained from dimethylformamide solution. 

3. Results and discussion 

3.1. Chemistry and spectroscopic characterization 

Following the established methods, we have prepared the oxime ligand, and the spectroscopic 

results and physical properties are in good agreement with the literature reports [14]. Complex 

I was obtained with a 60% yield from the reaction of one equivalent of NiCl2 and two 

equivalents of the ligand L in ethanol. The reaction of equimolar amounts of HgCl2 and the 

ligand L gave the corresponding complexes II with a 65% of yield (Scheme 1). The ligand 

and their metal complexes are stable at room temperature, are non-hygroscopic, soluble 

partially in methanol and ethanol and easily soluble in dimethylformamide.  

Scheme 1. Synthesis of complexes I and II. 

Both complexes were characterized by spectroscopic methods, and their structures were 

confirmed by X–ray crystal structure analysis. The 1H NMR spectra of the ligand (L) shows 

two signals at δ = 11.46 and δ = 8.08 ppm, which are assigned to NOH and HC=N protons, 

respectively (Scheme 1). The signal at δ = 6.96 ppm is assigned to two imidazole protons 

ring. Also, the signal at 3.81 ppm corresponds to protons of the methyl group. Complex II has 

similar spectra. Signals observed around 11.95 and 8.33 ppm are assigned to the NOH and 

HC=N protons. A signal at 7.15 ppm corresponds to imidazole protons. The signal at 3.82 

ppm is due to protons of the methyl group. The 13C NMR spectrum of the free ligand (L) 

shows a signal at 141.1 ppm, which may be assigned to azomethine carbon. While the 

resonance signals observed in the region 140.2–123.7 ppm were assigned to carbon atoms of 

the imidazole ring. In complex II, two aromatic signals have undergone a downfield shift and 



appeared at 137.2 and 126.8 ppm from their expected positions, suggesting the involvement 

of nitrogen of the imidazole ring in coordination. 

On the other hand, several studies have been made on the infrared spectra of oximes, and 

most of them have dealt with OH and C=N stretching vibration [15,16]. The simple Ligand 

(L) spectra exhibit an OH band at 3120 cm-1, a C=N band at about 1670 cm-1, and an N–O 

band at 974 cm-l. The asymmetric and symmetric C–H stretching vibration of the CH3 group 

was observed at 2920-2990 cm-1. Infrared spectra of metal complexes have already been 

studied intensively, and a metal ion's effects on the vibration frequencies in the ligand have 

been investigated [17,18]. In the spectra of complex I, the C=N and N–O bands appear at 

1655 cm-1 and 926 cm-1, respectively. However, in the spectra of complex II, the C=N and N–

O bands appear at 1655 cm-1 and 968 cm-1. Compared with the infrared spectra of the free 

ligand, the IR frequency of both C=N and N–O bonds in complexes I and II were shifted to 

lower frequencies, and it was shown the existence of coordinate bond formation with metals 

through the nitrogen atoms of the azomethine groups. 

3.2. Crystallographic analysis  

Crystal structure data for complexes I and II are listed in Table 1. The molecular structures of 

the two complexes are shown in Figs. 3 and 4. Complex I crystallizes in the triclinic space 

group Pī, and the structure consists of a discrete complex with the formula {Ni(L)2Cl2} (I). 

The NiII cation occupies an inversion center and is coordinated by two chlorine ligands and 

two bidentate imidazole oximes through four N atoms. It creates a coordination sphere that 

possesses a distorted octahedral geometry. The Ni–N(1a), Ni–N(3a), Ni–N(1b), and Ni–N(3b) 

bond distances are 2.0830(18), 2.0635(18), 2.0836(17), and 2.0546(7)  Å, respectively. The 

Cl(2)–Ni–N(1b), Cl(1)–Ni–N(3b), N(1a)–Ni–N(3a), Cl(1)–Ni–N(3a), and N(1a)–Ni–N(3b) 

bond angle values of 164.02(5), 98.92(5), 77.81(7), 86.98(5), and 96.20(7)° support the 

distorted geometry of the molecular structure. The bond distances and angle values are in the 

normal ranges and are comparable to the corresponding bonds found in similar Nickel oxime 

Complexes (Table 3a and 3b) [19, 20]. The two imidazole rings are quasiplanar, with a 

maximum deviation of −0.0783 (23)Å at the C(5a) atom and −0.0271 (23)Å at the C(5b) 

atom, and form a dihedral angle between them of 87.25(4)°. The crystal packing can be 

described as alternating double layers along the b-axis (at b = 1/4 and b = 3/4) parallel to the 

(011) plane (Fig. 2b). The unit cell interacts with each other through the CH…O hydrogen 

interaction bond between one hydrogen of imidazole cycle and the oxime oxygen atom with 

distances between 2.29–2.75 Å and angles between 120 and 156°. These interaction bonds 



form an infinite, one-dimensional network in one line. Additional intramolecular hydrogen 

bonds are created through the interaction of the oxime hydrogen atoms with the one-

coordinate chlorine. Other bonding parameters are listed in Table 2. 

  

Fig.3. Mercury plots of the molecular structure, hydrogen bonding interactions and crystal packing of  I. (a) The 

molecular structure of I showing the atom numbering scheme. (b) Projection along the b-axis of the atomic 

arrangement of I showing CH…O intermolecular hydrogen bonds in dashed red lines.  

The complex di-μ-chloro-bis[chloro(1-methyl-1H-imidazole-2-carbaldehyde oxime) 

mercury(II) crystallizes in the monoclinic space group P2/c. The HgII atom resides on a two-

fold axis. The crystal is composed of centrosymmetric dimeric molecules in which a pair of 

symmetrical chlorine bridges attach two mercury atoms. The coordination geometry around 

the metal HgII centre is distorted tetrahedral, with one nitrogen imidazole atom and three 

chlorine atoms at the corners, with an overall metal-imidazole ligand ratio of 1:1. The Hg–

N(1) bond length [2.149(4)Å] compares with the Hg–N bond lengths in reported complexes, 

for example, 2.270(5) Å in [HgI2(bimt)]2 {bimt is 2-[(benzimidazolyl)methyl]-1H-tetrazole 

[21] and [2.5226(8) Å in [[HgBr2(bmi)2],] [bmi is 1-[(benzotriazol-1-yl)methyl]-1H-1,3-

imidazole] [22]. On the other hand, the two chlorine ions are bridged to two metal centers Hg 

and Hgi via a (μ-2–Cl(2), Cl) fashion [Hg–Cl(1) = 2.3359 (16) Å, Hg–Cl(2) = 2.6176 (14)Å] 

(Table 3b). The bond angles formed by the coordination of the three equatorial donors are 

150.18(11)° for N(1)–Hg–Cl(1), 109.14(5)° for Cl(2)–Hg–C(1) and 99.66(10) for Cl(2)–Hg–

N(1) (Table 3b). The crystal packing of complex {Hg2(L)2Cl4}, DMF (II) is directed by 

hydrogen-bond interactions, with the participation of the imidazole oxime OH-donor centre 

and DMF Oxygen atoms acting as hydrogen-bond acceptors. The molecules are arranged in 

two-dimensional square-grid corrugated layers via O–H…O, C–H…O and C–H…Cl 

hydrogen bonds (Table 2). These layers then stack along a direction, packed as two layers per 

unit cell (Fig.4b). 



 

 
Fig.4. Mercury plots of the molecular structure, hydrogen bonding interactions and crystal packing of II. (a) The 

molecular structure of II showing the atom numbering scheme. (b) Projection along a axis of the atomic 

arrangement of II. Dotted lines represent the hydrogen bond. 

Table 1 

Crystal structure data for complexes (I) and (II). 

 {Ni(L)2Cl2} (I) {Hg2(L)2Cl4}, DMF (II) 

Formula 

Formula weight 

Crystal habit, color 

Crystal system 

Space group 

a (Å) 

b (Å) 

c (Å) 

α (º) 

β (º) 

γ (º) 

Volume (Å3) 

Z, Z' 

Density (calculated, g cm-3) 

Absorption coefficient (mm-1) 

F(000) 

Crystal size (mm) 

θ range for data collection (º) 

Reflections collected 

Independent reflections 

Rint 

Reflections with I ≥ 2σ(I) 

Number of parameters 

Goodness-of-fit on F2 

Final R indices [I ≥ 2σ(I)] 

R indices [all data] 

Largest difference peak and hole (Å-3) 

CCDC deposition no. 

C10H14Cl2N6NiO2 

379.88 

Prism, green 

Triclinic 

Pī  

7.1357(2) 

8.5591(2) 

12.7830(3) 

86.948(1) 

78.548 (1) 

84.218(1) 

760.85(3) 

2, 2 

1.658 

1.64 

388 

0.12×0.10×0.08 

2.4- 27.8 

12093 

3407 

0.0242 

2653 

194 

1.03 

0.028 

R1=0.03, wR2=0.068 

0.29, -0.28 

CCDC 1478614 

C16H28Cl4N8O4Hg2 

939.44 

Prism, Colorless 

Monoclinic 

P 2/c 

9.0323(5) 

13.0416(7) 

14.0145(7) 

90 

120.555(3) 

90 

1421.61(14) 

2, 4 

2.195 

11.20 

880 

0.16×0.08×0.05 

2.3- 26.1 

30724 

4730 

0.04 

2999 

157 

1.05 

0.0333 

R1=0.037, wR2=0.116 

1.46, -0.91 

CCDC 1478614 

 

 



Table 2 

Distances (Å) and angles (°) for Donor-Acceptor in crystals of {Ni(L)2Cl2} (I) and {Hg2(L)2Cl4}, DMF (II). 

D–H…A d(D–H) d(H…A) d(D–A) D–H–A Symmetry 

{Ni(L)2Cl2} (I)      

O(1A)–H(1A)…Cl(1) 0.82 2.35 3.0304(18) 141 xyz 

O(1B)–H(1B)… Cl(2) 0.82 2.29 2.989(2) 144 xyz 

C(2B)–H(2B)…O(1B) 0.93 2.59 3.162(3) 120 x,1+y,z 

C(5A)–H(5A)…O(1A) 0.93 2.55 3.348(3) 144 1-x,2-y,-z 

Complex (II)      

O(1)–H(1)…O(2) 0.82 1.85 2.643(10) 164 1-x,1-y,1-z 

C(1)–H(1A)…Cl(1) 0.96 2.40 3.253(10) 148 -1/2+x,1-y,-1/2+z 

C(1)–H(1B)…O(2) 0.96 2.30 2.945(14) 124 xyz 

C(6)–H(6B)…Cl(2) 0.96 2.64 3.5523(12) 160   x,-1+y,z 

C(6)–H(6C)…O(2) 0.96 2.42 2.8092(15) 104 xyz 

 

Table 3a 

Calculated and experimental geometrical parameters (Å, º) of complex {Ni(L)2Cl2} (I) 

 

 

Table 3b 

Calculated and experimental geometrical parameters (Å, º) of complex {Hg2(L)2Cl4}, DMF (II) 

Bond Exp. (X–ray) Calc. (DFT) Angles Exp. (X–ray) Calc. (DFT) 

Hg–Cl(1) 2.3359(16) 2.4600 Cl(2)–Hg–Cl(1) 109.14(5) 126.008 

Hg–Cl(2)  2.6176(14) 2.6236 Cl(2)–Hg– N(1) 99.66(10) 94.6324          

Hg–N(1) 2.149(4) 2.4516 Hg–Cl(2)–Hgi 87.93(4) 89.8719 

C(4)–N(1) 1.323(6) 1.3326 Hg–N(1)–C(3) 129.4(3) 131.6633 

C(4)–N(2) 1.340(6) 1.365 C(5)–C(4)–N(1) 125.4(4) 124.0963 

C(5)–N(3) 1.250(7) 1.2806 N(1)–C(4)–N(2) 109.2(4) 110.2267 

N(1)–C(3) 1.369(6) 1.368 C(4)–C(5)–N(3) 118.8(4) 114.6725 

N(3)–O(1) 1.377(5) 1.355 C(4)–N(1)–C(3) 107.3(4) 107.0889          

N(2)–C(2) 1.362(7) 1.3828 C(5)–N(3)–O(1) 111.6(4) 117.1302          

C(2)–C(3) 1.354(7) 1.3728 N(1)–C(3)–C(2) 108.6(4) 109.1669          

 

Bond Exp.(Xray) Calc. (DFT) Angles Exp.(X-ray) Calc. (DFT) 

Ni–Cl(2) 2.4951(6) 2.2292 Cl(2)–Ni–Cl(1) 92.06(2) 104.3614  

Ni–Cl(1) 2.4414(6) 2.7601 Cl(2)–Ni–N(3a) 96.10(5) 91.9362 

Ni–N(1a) 2.0830 (18) 3.0664 Cl(2)–N –N(3b) 86.19(5) 90.9149 

Ni–N(1b) 2.0836 (17) 1.9462 Cl(2)–Ni–N(1b) 164.02(5) 168.9215 

Ni–N(3a) 2.0635 (18) 1.9072 Cl(1)–Ni–N(3a) 86.98(5) 89.0335 

Ni–N(3b) 2.0546 (17) 1.927 Cl(1)–N –N(3b) 98.92(5) 91.3739 

C(4a)–N(1a) 1.325(3) 1.3293 Cl(1)–Ni–N(1b) 90.30(5) 84.3893 

C(5a)–N(3a) 1.279(3) 1.2894 N(1a)–Ni–N(3a) 77.81(7) 68.7417  

C(5b) –N((3b) 1.268(3) 1.2927 N(1a)–Ni–N(3b) 96.20(7) 110.2224 

O(1b)–N(3b) 1.376(2) 1.3467 N(1a)–Ni–N(1b) 90.41(7) 86.4677 



3.3. Hirshfeld surface analysis 

The program Crystal Explorer 3.1 [23] was used to generate the Hirshfeld surface analysis 

[24], which has been undertaken better to understand the intermolecular interactions in the 

crystal structure. The dnorm (normalized contact distance) representation mode was used; red 

spots on the surface indicate the presence of atoms in very close proximity to the outside of 

the Hirshfeld surface, and the white surface means that the atoms are in medium proximity. 

The blue surface shows little proximity of outside atoms. The Hirshfeld surface (Fig. 5 and 7) 

shows red spots corresponding to H…Cl/Cl…H and H…O/O…H close contacts, which are 

due to the O–H…Cl, C-H…O and O-H…O hydrogen bonds for both compounds.   

The corresponding two-dimensional fingerprint plots [25] were used for decoding and 

quantifying the intermolecular interactions in the crystal lattice are shown in Figures 6 and 8. 

The relative contributions of the various intermolecular contacts are illustrated in Fig. 6b and 

Fig. 8b. In the complex {Ni(L)2Cl2} (I), the H…H contacts dominate. Its relative contribution 

to the total surface is 41%. The H…Cl/Cl…H contacts also contribute significantly to the total 

surface with 26%. Furthermore, the O…H/H…O contacts display a notable proportion of 

12%. In complex {Hg2(L)2Cl4}, DMF (II), the H…H and H…Cl/Cl…H contacts dominate; 

their relative contributions to the total surface are 35% and 36%, respectively. The 

H…O/O…H contacts also contribute significantly to the total surface with 13%. 

 

Fig.5. View of the 3D Hirshfeld surface mapped over dnorm of complex {Ni(L)2Cl2} (I). 

 
Fig. 6. (a) The 2D fingerprint plot. (b) Relative contributions to the Hirshfeld surface area for the various close 

intermolecular contacts in complex {Ni(L)2Cl2} (I). 



 
Fig. 7. View of the 3D Hirshfeld surface mapped over dnorm of complex {Hg2(L)2Cl4}, DMF (II). 

 
Fig. 8. (a) The 2D fingerprint plot. (b) Relative contributions to the Hirshfeld surface area for the various close 

intermolecular contacts in complex {Hg2(L)2Cl4}, DMF (II). 

3.4. Electrochemical study 

The CV measurements were employed to investigate the redox behaviour of the 

compounds and to estimate the highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) energy levels of L from the onset of the oxidation and 

onset of the reduction potentials [26].  CV of L and its complexes were recorded at 10-3 M in a 

deoxygenated dimethylsulfoxide (DMSO) solution mixed with 0.1 M of Bu4NBF4 as 

supporting electrolyte, with a scan rate of 100 mV/s. L, complex {Ni(L)2Cl2} and complex 

{Hg2(L)2Cl4} were investigated voltammetrically within the potential window from -1.2 V to 

+1.2 V, from -0.75 V to +1.5 V and from -2 V to +2 V, respectively. 

Table 4 

Electrochemical HOMO, LUMO and band-gap values of Ligand. 

 Eox
onset(V)a Ered

onset(V)b EHO MO(eV)c ELUMO(eV) d Eg
el(eV)e 

Ligand 0.78 -0.73 -5.18 -3.67 1.51 

a The onset potential of oxidation . b The onset potential of reduction. c EHOMO (eV) = - [E
ox

onset (vs. SCE) + 4.4] . d ELUMO (eV) = - [E 
red

onset 

(vs. SCE) + 4.4]. e Energy of the band-gap calculated from the difference between the energy of the HOMO and the LUMO band. 

 



 

Fig.9. Cyclic voltammogramm recorded with 5.0×10 -3 M of Ligand in Bu4NBF4 (0.1M)/DMSO solution at a 

scan rate of 100 mV/s. 

The cyclic voltammogram of L displayed one irreversible anodic peak at 1.06 V and one 

irreversible cathodic peak at - 0.94 V. The anodic peak was assigned to the oxidation of the 

oxime group, while the cathodic peak was assigned to its reduction (Fig. 9) [27]. The cyclic 

voltammetry of complex {Ni(L)2Cl2} showed a decrease in the current intensity of the anodic 

peak assigned to the oxidation of the oxime group, which confirms its participation in the 

coordination. In addition, a new redox couple appears with a reduction peak recorded at -

0.18V and an associated oxidation peak recorded at 0.563V (Fig. 10). This redox peak was 

assigned to the Ni+2/Ni0 redox couple [28]. We also note the disappearance of the reduction 

peak of the oxime group, which is probably due to the participation of its nitrogen atom in the 

coordination. 

 

Fig.10. Cyclic voltammogramm recorded with 5.0×10 -3M of complex {Ni(L)2Cl2} in Bu4NBF4  (0.1M)/DMSO 

solution at a scan rate of 100 mV/s. 

(

a) 



The voltammogram of complex {Hg2(L)2Cl4} shows two redox systems. The cathodic peaks 

are recorded at -0.86 and -0.53 V, while the corresponding anodic peaks at 0.08 and 0.5 V 

(Fig. 11), respectively. These systems are associated to the electrochemical response of the 

couples Hg+2 / Hg+1 and Hg+1 / Hg0 [29]. Moreover, the oxidation peak of the oxime group is 

still present, but has lost its intensity (Fig. 11). This behavior confirms that the oxime group 

do not participate in the complex {Hg2(L)2Cl4} coordination, unlike complex {Ni(L)2Cl2}. 

The presence of the reduction peak of the oxime cannot be confirmed because it overlaps with 

that of the metal ion. 

 

Fig.11. Cyclic voltammogramm recorded with 5.0×10 -3M of complex {Hg2(L)2Cl4} in Bu4NBF4 (0.1M)/DMSO 

solution at a scan rate of 100 mV/s. 

 

Fig.12. UV-vis absorption spectra of L (black), complex {Ni(L)2Cl2} (I) (red) and complex{Hg2(L)2Cl4} (blue). 

Figure 12 depicts the UV-vis spectra of L and its complexes in the DMSO. The absorption 

maximum (λmax) of L, centered at 281 nm, is due to a π-π* transition of the imidazole ring 

[30]. This absorption shifts to 278 nm for the two complexes, probably because of the ligand 

(

a)  

) 



energy change after coordination with the metal or for the overlap of a π-π* transition by a 

charge transfer band resulting from coordination [31]. Indeed, in transition metal complexes, 

the electron distribution exchanges between the metal and the ligand lead to some intense 

absorption bands called charge transfer (CT) [32] that can appear in the ultraviolet and/or 

visible portions of the spectrum [31]. Moreover, a hyperchromic effect was observed for this 

band of complex {Ni(L)2Cl2}. This effect should be related to a metal-ligand charge transfer 

(MLCT) from NiII to C=N–O (ligand) [33]. In the imidazole unit present in the octahedral d6 

Ni-complex which is generally considered to be a moderate s-donor ligand [34,35], electrons 

can be excited not only from t2g to eg, but also from the ligands s orbitals to eg [31]. The s → 

eg excitation results in a charge transfer transition from the ligand to metal (LMCT) recorded 

at 427 nm, while the t2g → eg leads to a weak band d-d transition recorded at 641 nm. For 

complex {Hg2(L)2Cl4}, no d–d transitions were observed in the spectrum as expected for the 

d10 HgII complex. 

3.5. Theoretical study 

The ligand, complex {Ni(L)2Cl2} and complex Hg2(L)2Cl4} without DMF molecule were 

modelled using ACD Chemsketch software [36] and optimized at the DFT/B3LYP/(6-31G + 

(d) for C, H, O, N, Cl atoms and the Stuttgart/Dresden effective core potentials basis set 

(SDD) for Ni and Hg atoms) level in the gas phase. The Stuttgart-Dresden effective core 

potential ECPs (SDD) were used for metal atoms. The same level of theory was used for 

vibrational frequency calculations to confirm that the optimized geometries were reel minima. 

No imaginary frequencies were observed for the three compounds. All DFT calculations were 

conducted via Gaussian 09W software [37]. Visualization and result analysis were performed 

with the GaussView 5 program [38]. 

A comparative analysis of the essential bond lengths and angles was realized for both 

complexes (Tables 3a, 3b). It shows a good harmony between calculated and experimental 

data globally. Frontier orbitals, LUMO and HOMO, are very helpful for the molecular 

reactivity and stability prediction of one given compound. These orbitals were plotted, and 

their energies were calculated for the three studied molecules (Figure 13). Frontier orbital 

analysis showed that they are homogeneously deployed for the ligand. However, HOMO of 

the complex {Ni(L)2Cl2} was localized on the chlorine and nickel atoms, while LUMO was 

located on one half of its structure. For the complex {Hg2(L)2Cl4}, both HOMO and LUMO 

were mainly situated on the imidazole oxime ligand. 



The value of the gap (the energy difference between the frontier orbitals) for the ligand and its 

two complexes is comparable, showing similar stability. However, the smallest value 

corresponds to complex {Ni(L)2Cl2}, thus reflecting a slightly higher reactivity for the latter. 

Frontier orbitals’ energies are used to calculate the global reactivity descriptors for the studied 

compounds (Table 6). Time-dependent density functional theory (TD-DFT) computation was 

also carried out at the same level of the theory in DMSO using the IEF-PCM salvation model, 

to predict the UV-Vis electronic absorption spectra of our complexes. The major transition 

and the oscillator strength (f), as well as the energy of the main bonds, were also explored 

(Table 5). 

Table 5 

Major transition, energy and oscillator strength (f) of the main bonds of the three compounds’ UV-Vis spectra, 

calculated in DMSO (IEF-PCM) at the DFT/B3LYP/(6-31G + (d) for C, H, O, N, Cl atoms and SDD for Ni and 

Hg atoms) level. 

 λexp.(nm) λtheo. (nm) E(eV) f Main transition Contribution  

Ligand 281 271.51 4.5664 0.5118 HOMO → LUMO 98.25 

Complex {Ni(L)2Cl2} 279 293.20 4.2287 0.3265 HOMO → LUMO+3  39.49% 

Complex {Hg2(L)2Cl4} 278 287.78 4.3083 0.2099 HOMO → LUMO+2  64.77% 

 

 

Fig.13. Frontier orbitals’ contour surfaces and energies for the ligand, complex {Ni(L)2Cl2} and complex 

{Hg2(L)2Cl4}.  

 

 



Table 6 

Global reactivity descriptors calculated in vacuum (DFT/B3LYP/Genecp) for the ligand, complex {Ni(L)2Cl2} 

(I) and complex {Hg2(L)2Cl4} (I)I. 

Parameters (eV) Ligand Complex {Ni(L)2Cl2} Complex {Hg2(L)2Cl4} 

EHOMO -5.8181 -6.1759 -6.5969 

ELUMO -1.0531 -2.4588 -1.9467 

Energy band gap |ELUMO – EHOMO| 4.7650 3.7171 4.6502 

Ionization potential (I = - EHOMO) 5.8181 6.1759 6.5969 

Electron affinity (A = - ELUMO) 1.0531 2.4588 1.9467 

Chemical hardness (η = (I-A)/2) 2.3825 1.8585 2.3251 

Chemical softness (ζ = ½ η) 1.1912 0.2690 0.2150 

Electronegativity (χ = (I+A)/2) 3.4356 4.3174 4.2718 

Chemical potential (μ = - χ) -3.4356 -4.3174 -4.2718 

Electrophilicity (ω = μ²/2η) 2.4771 5.0146 3.9242 

Maximum charge transfer index (ΔNmax. = -μ/η) 1.4420 2.3230 1.8373 

4. Conclusion 

In summary, we have synthesized two new mononuclear compounds from 1-methyl-1H-

imidazole-2-carbaldehyde oxime ligand with MII cations, namely {Ni(L)2(Cl)2}, (I) and 

{Hg2(L)2Cl4}, DMF (II). Spectroscopic methods characterized both complexes and their 

structures were confirmed by X–ray crystal structure analysis. The d8 configuration of 

the NiII cation and the d10 configuration of the HgII allow the self-assembly of MII with 

the organic ligand in a distorted octahedral geometry for complex (I) and distorted 

tetrahedral geometry for complex (II). Hydrogen-bonding interactions help to 

consolidate both crystal structures. The Hirshfeld surface shows the domination of 

H…Cl/Cl…H and H…O/O…H contacts which are due to the O–H…Cl, C-H…O and O-H…O 

hydrogen bonds for both compounds. Cyclic voltammetry was used to investigate the 

chemical reactivity of the studied compounds, confirming the participation of the oxime 

group in the coordination in the case of the complex {Ni(L)2Cl2}. DFT calculations 

exhibited comparable experimental and theoretical findings. Exploration of the natural 

spectral electronic transitions showed a HOMO → LUMO transition for the ligand, while 

other orbitals are involved for complex {Ni(L)2Cl2}and complex{Hg2(L)2Cl4}. 
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