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Abstract 

Metal complexes containing vic-dioximes are currently of interest due to their diverse properties 
and potential applications in various chemical processes, including medicine, where they serve as 
well-known antimicrobial agents, biology, catalysis, electrochemical sensors, and metallurgy. A 

vicinal dioxime ligand coordinated with CuII and NiII ions complexes were studied by using 
Density Functional Theory methods by using Gaussian 09. The optimized ground state structures 
of the complexes were calculated with mPW1PW91 iop(3/76=0572004280)  method. Different 
basis sets have been selected for each atom as follows: Sulphur: cc-pVQZ, Carbon and Hydrogen: 
6-31+G(d,p), Nitrogen: 6-31+G(2d), Oxygen: cc-pVQZ and Metal: Copper/Nickel: SDDALL, 
SDD. The both complexes have achieved fully optimized ground state geometries characterized 
by square planar structures surrounding the central metal atoms. Based on the molecular orbital 
descriptor values, the hardness is determined to be 1.60 eV for [Cu(II)L2] and 1.47 eV for 

[Ni(II)L2] complexes, respectively. Both complexes show considerable potential for use in 
nonlinear optics applications. 
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1. INTRODUCTION 

 
Extensive studies have been carried out on transition metal complexes that incorporate vicinal dioxime 

ligands and this topic has been thoroughly reviewed in multiple publications [1–7]. The amphoteric nature 

of vicinal dioximes originates from the existence of moderately acidic hydroxyl groups and marginally 
basic nitrogen atoms, facilitating their formation of square-planar complexes resembling the corrin type 

with metals, copper (II) and nickel (II) as central atoms. Vicinal dioximes and their metal complexes are 

presently attracting attention because of their physicochemical properties, patterns of reactivity, and 
potential applications in numerous significant chemical processes. These encompass fields such as 

medicine, biology, bioorganic systems [8, 9], catalytic processes, electrochemical and electro-optical 

sensors, and semiconductor characteristics [1–7, 10, 11], as well as metallurgy. Vic-dioxime complexes 

have found widespread applications across diverse fields due to their exceptional stability. They are well-
suited as representatives for emulating B12 vitamin and function well as efficient chelating agents in the 

examination of trace metals [12, 13]. 

 
In recent years, computational studies employing quantum mechanics have been documented in the 

literature, focusing on the biological properties of vic-dioxime and Cu(II)-Ni(II) complexes [14, 15]. 

Nevertheless, comprehensive investigations utilizing Density Functional Theory (DFT) for vic-dioxime 

with copper and nickel complexes are currently absent in the literature, particularly with regards to detailed 
structural and electronic analyses of the title complexes. 
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Figure 1. 3D structure of the complexes in gas phases 

 

The research previously presented in the form of a comprehensive proceeding during the second IKSTC-

2023 Çankırı Karatekin University Conference elucidated the ligand L= (2Z,3Z)-1,4-dithiane-2,3-

dionedioxime conformations, molecular orbital characteristics, and nonlinear effects. This ongoing 
investigation aims to examine the electronic properties of complex compounds (Figure 1). Previous studies 

have not theoretically investigated the determination of structure of the complexes. Quantum mechanical 

hybrid methods were employed to calculate theoretical geometric parameters, density of states, chemical 
properties, molecular electrostatic surface (MEP) maps, nonlinear optical effects (NLO), and ground state 

vibration modes. 

 
2. MATERIAL METHOD 

 

2.1. Experimental 

 

The Fourier Transform Infrared (FTIR) spectra of the studied complexes were captured using a Perkin 

Elmer Spectrum Two FTIR (equipped with a U-ATR) in the range of 450 to 4000 cm-1. The molar 

conductivities of the complexes were observed at room temperature in DMSO (approximately 10−3 M) by 
using a conductivity meter, Jenway Model (4070). 

 

2.2. Computation Details 

 

Density Functional Theory computations were conducted by using the Gaussian 16 [16]. The complexes in 

its ground state (in gas phase conditions) were optimized using density functional theory, specifically 

employing the mPW1PW91 methods [17] with iop(3/76=0572004280). Different basis sets have been 
selected for each atom as follows: Sulphur: cc-pVQZ, Carbon and Hydrogen: 6-31+G(d,p), Nitrogen: 6-

31+G(2d), Oxygen: cc-pVQZ and Metal: Copper/Nickel: SDDALL, SDD. Consistency was maintained 

across all calculations such as frontier molecular orbital properties, (TDOS, PDOS), MEP, NLO and 
vibrations were calculated using at this specified level. Molecular structures obtained from computations 

were visualized using the CYLview program [18] (Figure 1) and GausView 6 [19] program. 

 

Molecular orbital density of states (total and partial DOS) were calculated using GaussSum 2.2 [20] to 
compute the group contributions. The partitioning of groups and percentage such as C=N, O-H, metal and 

other atoms has been carried out. 

In order to investigate and acquire information concerning regions of diverse charge distribution within the 

molecule, theoretical calculations were utilized to analyse the electrostatic potential. V(r) is determined 

based on the electronic density function provided below, ZA represents the charge associated with the 

nucleus A is situated at position RA [21–23] 

V(r) = ∑
𝑍𝐴

(𝑅𝐴−𝑟)
−𝐴 ∫

𝜌(𝑟′)

(𝑟′−𝑟)
d(𝑟′).                  (1) 

The expressions for µ: dipole moment, αtot: polarizability and βtot: first order hyper polarizability of the 

investigated complexes are articulated in terms of i, j, k = x, y, z coordinates, as denoted by the following 

equations: 
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µ = (µ𝑥
2 + µ𝑦

2 + µ𝑧
2)

1/2
                   (2) 

α𝑡𝑜𝑡  =  1/3 (α𝑥𝑥  + α𝑦𝑦  + α𝑧𝑧)                  (3) 

β𝑖 =  β𝑖𝑖𝑖 + β𝑖𝑗𝑗 + β𝑖𝑘𝑘                             (4) 

β𝑡𝑜𝑡  =  (β𝑥 + β𝑦 + β𝑧)
1/2

.                   (5) 

 

3. THE RESEARCH FINDINGS AND DISCUSSION 

 

3.1 . Structural Aspects 

 

The transition-metal complexes of these vicinal dioximes predominantly exhibit N,N-coordination in a 
square planar configuration [24–27]. The complexes exhibit that two ligand molecules are coordinated to a 

Cu(II) or Ni (II) metal ion in an equatorial position with a perfect square planar coordination environment 

(τ = 0 in Table 1). Structures with a central atom coordinated by vicinal-dioxime ligands and containing 

Cu²⁺ and Ni²⁺ ions have been recorded with a square planar geometry in the literature [28–33] Optimized 
3D structures of the complexes were given with atomic numbering in Figure 2. These calculations indicate 

that the optimized structure conforms to a square planar geometry (in Figure 2). Based on the computed 

structural parameters, the N-M-N angles (M = Ni or Cu) are determined to be 82 degrees and 98 degrees. 

The experimental measured conductivity values being close to zero (3-6  simens) indicate that the 

optimized geometries of the complexes are square planar.  

 
 

Figure 2. 3D structure of [Cu(II)L2] and [Ni(II)L2] complexes 

 

When comparing the bond lengths between the complexes [Cu(II)L2] and [Ni(II)L2], it is observed that the 

M-N bond length is shorter in the [Cu(II)L2] complex than [Ni(II)L2] (Table 1). The investigation revealed 

that the stability of the complexes conforms to the Irving-Williams series, with Cu(II) demonstrating 

superior stability compared to Ni(II) [34]. In the literature, the M-N: M= Ni(II) and Pd (II) bond length 

within the square planar coordination of vicinal-dioxime ligands in crystal structures has been reported as 

1.978(3) Å and 1.970(3) Å for Pd (II) [35]. In this study, the metal-nitrogen bond length was calculated as 

1.94 and 1.95 Å. The C16-S18 and C13-S18 bond lengths are the same in both complexes. The N20-O28 and 

O28-H29 bond lengths are very similar. However, the O30-H29 hydrogen bond lengths are shorter in the 

[Cu(II)L2] complex.  
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Table 1. Computed geometric parameters of the complexes 

M=Cu(II), Ni(II) [Cu(II)L2] [Ni(II)L2] 

Bond length (Å)   
M-N 1.94 1.95 

C1-N10 1.29 1.30 

C1-C2 1.48 1.47 
C16-S18 1.73 1.73 

C13-S18 1.80 1.80 

N20-O28 1.34 1.35 

O28-H29 1.00 0.99 
O30-H29 (H-Bond) 1.64 1.71 

Bond angel (Å)   

N-M-N 82 82 
N-M-N 98 98 

Dihedral angle τ (0)   

τ (C1-C2-C15-C16) 0 0 

τ (N9-N10-N20-N19) 0 0 

 

3.2. Calculation of Molecular Reactivity 

 
The HOMO and LUMO, along with their associated properties like energy, are highly valuable as they 

represent the primary orbitals involved in reactions. The energy differential between HOMO and LUMO 

provides crucial insights for understanding molecular electrical conductivity properties and evaluating 

electron conductivity. In the Cu (II) and Ni (II) complex, unpaired electrons in the HOMO and LUMO 
orbitals lead to their division into alpha (α) and beta (β) orbits, resulting in distinct energy levels for these 

spin orbitals due to their multiplicity. Figures 3 and 4 illustrates that the HOMO & LUMO surfaces, along 

with the total electron density surfaces (where red indicates the highest negative potentials and most 
electron-rich areas, and blue denotes electron-poor regions), are predominantly localized around all metal 

(M), carbon (C), nitrogen (N), and sulphur (S) atoms, with hydrogen atoms being excluded from this 

concentration. Based on these findings, the electronic transitions observed in [Cu(II)L2] and [Ni(II)L2] 
complex, arising from the excitation of electrons from the HOMO to the LUMO, are identified as n→π* 

and π→π* transitions. As seen, ΔEHOMO-LUMO was calculated as -3.19 eV () and -2,90 eV () for [Cu(II)L2]. 

The energy differences between α and β orbits are 1.05 and 0.99 eV, respectively. The ΔEHOMO-LUMO was 

determined to be -2.93 eV (α) and -2.13 eV (α) for [Ni(II)L2], respectively. A large HOMO–LUMO gap 

(ΔE = ELUMO – EHOMO) is commonly associated with enhanced kinetic stability and reduced chemical 
reactivity [36]. The fact that the energy difference (ΔE) of the Cu-ion complex is greater than that of the 

Ni-ion complex indicates that the Cu complex is more stable than the Ni complex. 
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Figure 3. Molecular orbitals and energies of the [Cu(II)L2] complexes 

 

Figure 4. Molecular orbitals and energies of the [Ni(II)L2] complexes 

Properties derived from HOMO-LUMO calculations prove beneficial for analyzing molecular reactivity, 

particularly within the realms of organic synthesis and the biomedical field [37]. Koopman’s theorem 
allows for the definition of chemical potential: μ=(EHOMO+ELUMO)/2, chemical hardness: η=(EHOMO-

ELUMO)/2), global softness: S=1/η, electronegativity: χ=-μ and electrophilicity index: = μ2/2η when applied 

to closed-shell molecules [38,39]. 

 

The HOMO and LUMO orbital energies can be used to define the ionization potential (−EHOMO) and 
electron affinity (−ELUMO). In terms of chemical hardness, a substantial HOMO–LUMO gap denotes a 

molecule with high hardness, whereas a minimal HOMO–LUMO gap indicates a molecule with low 

hardness [40]. As seen in the Table 2, chemical hardness (η) is 1.60 eV and 1.47 eV (alpha), 1.45 eV and 
1.07 eV (beta). for the [Cu(II)L2] and [Ni(II)L2], respectively. As evidenced by the molecular orbital 

descriptor values, it is observed that the ligands exhibit a greater affinity towards Ni ions compared to Cu 

ions (Table 2). Ionisation potential (IP) is 5.44 eV and 5.21 eV (alpha), 5.48 eV and 5.37 eV (beta) for the 
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[Cu(II)L2] and [Ni(II)L2], respectively. 

 
Table 2. Computed energy values of molecular orbital descriptors for the complexes 

Molecular Properties (eV) [Cu(II)L2]  [Ni(II)L2] 

  alpha beta   alpha beta 

ELUMO -2.25 -2.58  -2.28 -3.24 

EHOMO -5.44 -5.48  -5.21 -5.37 

ΔEHOMO-LUMO -3.19 -2.90  -2.93 -2.13 

Ionisation Potential (IP) 5.44 5.48  5.21 5.37 

Electron Affinity (EA) 2.25 2.58  2.28 3.24 

Chemical Hardness (η) 1.60 1.45  1.47 1.07 

Electronegativity (χ) 3.84 4.03  3.74 4.31 

Chemical Potential (μ) -3.84 -4.03  -3.74 -4.31 

Softness (S) eV
-1

 0.63 0.69  0.68 0.94 

Electrophilicity index (ω) 4.63 5.60   4.77 8.70 

. 
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Figure 5. Density of states diagrams (PDOS and TDOS) for the [Cu(II)L2] complexes 
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Figure 6. Density of states diagrams (PDOS and TDOS) for the [Ni(II)L2] complexes 

 

The graph of PDOS showed in Figures 5 and 6 were generated using the Gauss-Sum 2.2 program. They 

show a visual depiction of the compositions of molecular orbitals (MO) and their roles in chemical bonding. 
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As can be seen in the Table 3, the LUMO orbitals are predominantly localized on the C=N (60%, 59%) 

regions of the complexes. Conversely, the HOMO primarily localizes on the orbitals of C=N and O-H 
groups. Additionally, the contribution of frontier molecular orbitals (FMO) from metals and other atoms is 

relatively diminished in comparison. 

 

Table 3. The percentage of calculated PDOS contribution for the studied complexes 
 [Cu(II)L2]   [Ni(II)L2] 

 C=N O-H Cu (II) Other   C=N O-H Ni (II) Other 

Alpha      Alpha     

LUMO 60 17 12 11  LUMO 59 17 12 11 

HOMO 39 35 19 8  HOMO 39 31 23 8 

Beta      Beta     

LUMO 42 14 9 35  LUMO 16 4 5 75 

HOMO 37 40 23 0  HOMO 39 38 22 1 

 
3.3. Calculation of Molecular Electrostatic Potential (MEP) Surface  

To predict attacks, it is necessary to identify reactive sites by electrophiles and nucleophiles on the 

investigated compounds, molecular electrostatic potential (MEP) a visual tool to comprehend the 
molecule's relative polarity. The graphical representation of chemically reactive areas, like the negative 

areas (in red) is associated with electrophilic reactivity, while nucleophilic reactivity is linked to positive 

areas (in blue).  

Figure 7 shows that the oxygen (-0.089 a.u.) for [Ni(II)L2] atoms exhibit the highest negative potential 
within the examined complexes, whereas the hydrogen and carbon atoms of the compound carry positive 

potentials. The light yellow region distributed around the sulfur atom signifies its electronegative character. 

MEP of the examined complexes reveals that the areas containing a negative potential are situated around 

the electronegative atom, specifically the oxygen atom. As anticipated, the metal atoms are positioned 
above regions exhibiting positive potential. Quantum computational calculations reveal that the Cu(II) 

complex displays a positive electrostatic potential across most of its surface, in contrast to the Ni(II) 

complex. Representation of MEPSs of the copper complex in Figure 7 showed that the copper atom (+0.144 

a.u.) at the center of the [Cu(II)L2] complex is more positively charged than the [Ni(II)L2] complex. 

Figure 7. Molecular electrostatic potential mapping for the investigated complexes 

3.4. Calculation of Nonlinear Optics Properties 

 

The parameters of dipole moment (μ), polarizability (α), anisotropy of polarizability (Δα), first-order static 

hyperpolarizability (β₀), and second-order hyperpolarizability (γ) provide important information about 
nonlinear optical (NLO) properties. NLO properties of molecules are closely linked to the behavior of 

delocalized π-electrons, as well as the characteristics of donor-acceptor groups and the energy gap between 
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the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO). 

These molecular features influence the electronic response to external electric fields and are fundamentally 
associated with key parameters such as the static dipole moment (μ), the average linear polarizability (αtot), 

and the first hyperpolarizability (βtot). Computational studies play a crucial role in quantifying these 

parameters, offering insights into the electronic structure and providing predictive models for the NLO 

behavior of materials. 
 

Computed values of the dipole moments (μ), average polarizabilities (Δαtot) and first order hyper-

polarizabilities (βtot) were listed in Table 4. The measurements were conducted in electrostatic units (esu), 
employing conversion factors of 0.1482 × 10−24 esu for polarizability (α) and 8.63922 × 10−33 esu for first-

order hyper-polarizability (β) per atomic unit (a.u.). Table 4 clearly demonstrates that the μ, α and β is 

impacted by the value of x-axis. The optical energy gap is an important measurement in assessing charge 

transfer [41]. As the optical gap diminishes, the first hyper-polarizability values increase due to the 
enhanced facilitation of electronic charge transfer. The [Cu(II)L2] complex exhibits a greater energy value 

than the [Ni(II)L2] complex (in Table 4), with lower polarizability and hyper-polarizability values compared 

to the [Ni(II)L2] complex (Table 4). Both complexes show promise as potential candidates for application 
in nonlinear optics contexts. 

 

Table 4. The computed NLO parameters 

µ&α [Cu(II)L2] [Ni(II)L2]   β [Cu(II)L2] [Ni(II)L2] 

µx 0.015 0.019  βxxx 296.37 205.83 

µy 0.003 0.010  βxxy 29.71 230.15 

µz -0.044 0.024  βxyy 14.27 2.85 

µ (D) 0.044 0.028  βyyy -18.69 19.39 

αxx 413.07 462.15  βxxz -29.89 -375.41 

αxy -0.37 -1.37  βxyz -12.97 -72.65 

αyy 239.96 245.25  βyyz 4.63 -12.03 

αxz -0.17 0.12  βxzz -14.54 23.75 

αyz -2.12 1.90  βyzz -0.05 7.08 

αzz 121.68 123.01  βzzz -6.05 -33.23 

<α> (au) 258.24 276.80  βx 296.10 232.43 

Δα (au) 759.15 853.96  βy 10.97 256.62 

Δa (×10
−23

 esu) 11.25 12.66  βz -31.31 -420.67 

    βtot (a.u.) 297.95 544.84 

        βtot (×10
−31

 esu) 25.74 47.07 

 

3.5. Infrared Spectroscopy 

 

Calculated and experimental vibrational bands of the complexes are given in Table 5 and shown observed 
infrared spectrum bands in Figures 9-11. A strong absorption is observed in the region of 3650-2570 cm-1 

for the O-H stretching vibration of oximes [42]. Therefore, they are located in the same region as the CH 

and OH peaks. This overlap in the spectral region suggests potential interactions or similarities in the 

vibrational modes associated with these functional groups, which could complicate the precise assignment 
of individual peaks in the infrared spectrum. The vibrational spectra reveal O-H stretching peaks are 

observed 3212 cm⁻¹ and 3134 cm⁻¹ for the ligand, an O-H stretching peak at 3317 cm⁻¹ for the [Cu(II)L₂] 

complex, and peak at 3321 cm⁻¹ for the [Ni(II)L₂] complex. Due to the formation of new O-H bonds in the 
complexes, the O-H stretching vibrations in the complexes have increased compared to the ligand. CH 

vibrations are observed at 2975 cm⁻¹ and 2861 cm⁻¹ for the ligand, 2989 cm⁻¹ for the [Cu(II)L₂] complex, 

and at 3091 cm⁻¹ and 3060 cm⁻¹ for the [Ni(II)L₂] complex in the infrared spectrums (in Figures 10 and 
11.) and 3091 cm⁻¹ for the [Ni(II)L₂] complex. The shift in C-H stretching vibrations has occurred in the 

direction of increasing frequency. 
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Typically, imines exhibit C=N stretching vibrations in the range of 1690-1640 cm-1 [42,43]. In a previous 

study utilizing experimental infrared spectroscopy to investigate a Cu(II) complex with a dioxime ligand in 

a square planar configuration featuring an O...H bridge bond, closely resembling the structure examined in 

the current research, the characteristic C=N stretching vibrations were observed within the range of 1610 

to 1560 cm⁻¹ [29]. The C=N stretching frequencies are observed at 1610 cm-1 and 1578 cm-1 for ligand, 

1622 cm-1 and 1527 cm-1 for [Cu(II)L2], and 1643 cm-1 and 1561 cm-1 for [Ni(II)L2].  

Oximes exhibit a prominent band around 960-930 cm⁻¹, which is attributed to the stretching vibration of 

the N-O bond. The typical range for this vibrational band is between 1030 and 870 cm⁻¹ [42]. The N-O 

vibrations are observed at 1011 cm-1, 955 cm-1, 919 cm-1 for the ligand, 1086 cm-1, 1067 cm-1, 1007 cm-1, 
971 cm-1 for [Cu(II)L2], 1083 cm-1, 1067 cm-1, 1006 cm-1, 968 cm-1 for [Ni(II)L2] complexes. 

 

IR vibrations of C-S stretching are generally occur within the spectral range of 715-570 cm-1 [42]. The C-

S vibrations are observed at the following ranges: 722-550 cm-1 for the ligand, 749-559 cm-1 for [Cu(II)L2], 
and 743-515 cm-1 for [Ni(II)L2]. 

 

The vibrational frequencies of Metal-Nitrogen stretching for metal complexes could not be determined as 
they fall below the region of 600-300 cm-1 [44]. In previous experimental studies, the M-N vibrations of 

dioxime complexes were recorded in the infrared spectrum, with the Cu-N stretching vibration ν(Cu-N) 

observed at 511 cm⁻¹ and the Ni-N stretching vibration ν(Ni-N) at 503 cm⁻¹ [45]. For [Cu(II)L2], the M-N 

stretching frequencies are observed at 512 cm⁻¹, 483 cm⁻¹, and 465 cm⁻¹, while for [Ni(II)L2], they are 
observed at 515 cm⁻¹, 509 cm⁻¹, and 486 cm⁻¹. These frequency values suggest slight differences in the 

metal-nitrogen bond strengths between copper and nickel complexes. 

 

 
Figure 9. Infrared spectrum of the ligand 
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Figure 10. Infrared spectrum of the [Cu(II)L2] 

 
Figure 11. Infrared spectrum of the [Ni(II)L2] 

 

Table 5. Computed and experimental vibrational wavenumbers (cm⁻¹), along with their corresponding 

assignments, for the [Cu(II)L2] and [Ni(II)L2] complexes 

      [Cu(II)L2]       [Ni(II)L2]       

No   CalFreq IIR ExpFreq   CalFreq IIR ExpFreq   Assignment 

1 A 16 2   16 2   CNNC 

2 A 26 0   35 1   SCCS 

3 A 49 0   47 1   CNNC 

4 A 61 1   60 2   CSC 

5 A 69 5   67 3   CSC 

6 A 82 1   85 2   MN 

7 A 92 7   90 5   MN 

8 A 108 1   110 1   MN 

9 A 133 5   132 5   MN 

10 A 162 0   158 0   MN 
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11 A 173 0   174 0   MN 

12 A 179 0   185 1   HOMN 

13 A 194 1   209 1   CNMN 

14 A 247 0   246 0   CNMN 

15 A 255 19   253 23   O...H 

16 A 258 0   261 0   O...H 

17 A 266 11   264 7   O...H 

18 A 271 1   271 0   HCCH 

19 A 279 2   278 6   HCCH 

20 A 286 3   286 3   O...H 

21 A 306 5   302 0   O...H 

22 A 311 1   312 26   HCCH 

23 A 323 0   323 1   ONCS 

24 A 340 0   333 3   MN 

25 A 351 165   351 117   MN 

26 A 362 5   359 1   NMN+CCS 

27 A 375 33   377 6   NMN+CCS 

28 A 433 8   427 13   CC+CS 

29 A 441 8   432 39   HCCH 

30 A 461 1   462 0   HCCH 

31 A 468 11 465  469 8 486  MN 

32 A 502 6 483  509 3 509  MN 

33 A 509 1 512  521 0 515  MN 

34 A 577 1   583 1   SCCS+NCCN 

35 A 590 1 550  595 2 559  SCCS 

36 A 616 0   614 1   CS 

37 A 617 2 607  617 7   CS 

38 A 644 1   645 1 624  CS 

39 A 649 3   650 5   CS 

40 A 709 1 700  691 0 697  CS 

41 A 716 12 726  705 3 722  CS 

42 A 754 0   754 0   CS 

43 A 766 46 749  767 39 743  CS 

44 A 852 7 818  844 76 816  HCCH 

45 A 858 109   850 19   HCCH 

46 A 869 59   856 67   HO 

47 A 878 56   859 84   HCCH 

48 A 909 6   908 4   HCCH 

49 A 914 2   914 1   HCCH 

50 A 923 7   920 9   HCCH 

51 A 930 76   927 93   HCCH 

52 A 989 0 971  987 0 968  NO 

53 A 992 2 1007  991 2 1006  NO 

54 A 1100 160 1067  1085 68 1067  HCC+NO 

55 A 1113 258 1086  1099 357 1083  HCC+NO 

56 A 1123 2   1123 2 1106  HCC+NO 
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57 A 1124 2 1141  1124 2   HCC 

58 A 1170 9   1171 7 1179  HCC 

59 A 1172 13   1174 8   HCC 

60 A 1219 37 1207  1226 46 1211  CC + HCC 

61 A 1227 409   1237 523   CC 

62 A 1260 3   1270 1   CC+NO 

63 A 1268 39   1274 48   CC + HCC 

64 A 1281 6   1285 24   CC+NO 

65 A 1284 4   1289 29   CO 

66 A 1298 11 1280  1299 1   HCC 

67 A 1300 21   1301 8   HCC 

68 A 1419 6 1387  1361 373 1385  HCC 

69 A 1421 9   1378 16   C=N + HON 

70 A 1426 0   1420 10   C=N + HON 

71 A 1426 7   1421 7   HCH 

72 A 1432 3   1426 5   HCH 

73 A 1449 329   1426 0   HCH 

74 A 1488 201 1471  1449 385 1472  HON 

75 A 1502 40   1459 58 1520  HON 

76 A 1667 24 1527  1638 25 1561  C=N + HON 

77 A 1676 43 1622  1645 41 1643  C=N + HON 

78 A 2725 277   2869 244   OH 

79 A 2782 2970   2912 1609   OH 

80 A 2942 5   2943 5   CH ssym 

81 A 2944 5   2944 6   CH ssym 

82 A 2948 21   2949 22   CH ssym 

83 A 2950 19   2950 17   CH ssym 

84 A 2993 0 2989  2994 0   CH assym 

85 A 2994 1   2994 1 3060  CH assym 

86 A 3006 6   3007 5 3091  CH assym 

87 A 3007 5 3317   3008 5 3321   H 

CalFreq: Calculation Frequencies, ExpFreq: Experimental Frequencies 

IIR Infrared intensities, , stretching; , bending; , torsion.  

 

4. RESULTS 

 

Consequently, Density Functional Theory investigations were employed to explore the structural and 

molecular properties of Cu(II) and Ni(II) complexes bearing vic-dioxime ligand. The optimized stable 
geometric structures of the investigated complexes exhibited an approximately square planar configuration 

surrounding the metal ion at the center within each complexes. Our findings suggest that the examined 

complexes contain hydrogen bonds between their two hydroxyl (O-H) groups, which are crucial for 

stabilizing the complexes. The results of the HOMO-LUMO energy gap and ionization potentials indicate 
that the [Cu(II)L2] complex is more stable than the [Ni(II)L2] complex. Both complexes have demonstrated 

promising potential for applications in the field of nonlinear optics. 
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