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ABSTRACT. This study focuses on the synthesis, characterization, and density functional theory (DFT) 

computational study of Cu(II) complexes with 3-hydroxybenzoic acid ligands. The synthesis process was 

carried out by reacting CuCl₂·2H₂O with 3-hydroxybenzoic acid ligands in methanol, refluxing for 3 hours, 

and allowing the mixture to stand until complex precipitation formed. The complex formula was determined 

by atomic absorption spectrometry (AAS), thermogravimetric analysis (TGA), and molar conductivity 

measurements (41 S·cm2·mol-1), indicating that Cl⁻ acts as a counterion and that the complex formula is 

[Cu(3-hydroxybenzoate)2]Cl2·4H2O. The complex exhibits a single electronic absorption peak at 914 nm, 

indicating ligand-metal charge transfer (LMCT) and d-d transitions, consistent with a distorted square-planar 

geometry. The infrared spectrum shows a phenolic –OH band, indicating that –OH is not deprotonated. 

Computational methods were used to reveal the electronic structure and molecular geometry, and to verify 

the experimental data. This complex forms a distorted square planar structure. 

  

INTRODUCTION  

Complex compounds are compounds formed from covalent bonds of coordination between metals as central 

atoms and ligands as electron donors (Devi et al., 2019). The synthesis of complex compounds involving various 

metals with mono-, bi-, or multidentate ligands can yield a wide range of structures and applications in everyday 

life (Bhowmick et al., 2019). The synthesis of low-toxicity metal complexes, based on their structures and 

reactivities, provides a model for many researchers in the field of coordination chemistry (Ashouri et al., 2020). 

The application of complex compounds depends on the selection system of the type of metal and ligand used, 

including structure, complex geometry, oxidation state, stability, and solubility (Karges et al., 2021). Several 

factors affect complex synthesis, namely solvent type, temperature, and pH. When the temperature is increased 

along with the appropriate pH, the complex forms efficiently (Ostellari et al., 2025).  

Transition metal complexes with aromatic carboxylic acid ligands have attracted significant attention in 

modern coordination chemistry due to their important role in a wide range of applications, from catalysts to 

functional materials and bioactive agents (Yadav et al., 2025). Copper(II) is a transition metal with high abundance 

and unique redox properties, forming stable complexes with a variety of oxygen and nitrogen donor ligands, 

exhibiting coordination geometries ranging from tetrahedral to octahedral (Valach et al., 2010). 3-

hydroxybenzoate (3HBA) is an interesting bidentate ligand due to its ability to form chelate structures through 

carboxylate groups while providing additional hydroxyl groups for secondary interactions. The complex 

compound Cu(II)-3-hydroxybenzoate can be applied to various fields, including biological activity (antibacterial, 

anticancer, antioxidant), catalysis, and computational studies.  

Computational studies using density functional theory (DFT) have become an invaluable tool for 

understanding the electronic, structural, and complex reactivity properties of transition metals (Akbari et al., 2024). 

The DFT method, especially with hybrid functionals such as B3LYP with dispersion correction, can provide 

accurate predictions of molecular geometry, electronic parameters such as HOMO-LUMO energy gaps, and 
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properties of coordination complex spectroscopy (Amin et al., 2025). Molecular frontier orbital analysis (HOMO 

and LUMO) is essential for understanding the kinetic stability, chemical reactivity, and charge-transfer 

mechanisms in transition-metal complexes (Hasanova et al., 2023). 

The characterization of ligand-to-metal charge transfer (LMCT) in copper complexes is particularly relevant 

to understanding their photochemical and catalytic properties (Juliá, 2022). The LMCT transition involves the 

transfer of electrons from the fully occupied ligand orbital to the empty or partially filled metal d orbital, resulting 

in intense absorption bands in the UV-Vis spectrum (May and Dempsey, 2024). Cu(II) complexes with aromatic 

carboxylate ligands often exhibit characteristic LMCT transitions that can affect their catalytic and photochemical 

activity. 

This study aims to comprehensively investigate the electronic structure, geometric parameters, and reactivity 

properties of Cu(II) complexes with 3-hydroxybenzoate using the DFT method. Special focus is given to HOMO-

LUMO analysis to understand stability and reactivity, characterization of dominant electronic transitions, and 

mapping of electrostatic charge distribution via Molecular Electrostatic Potential (MEP). The results of this study 

are expected to provide fundamental insights into the complex structure-property relationships of Cu-3HBA that 

can contribute to the development of copper-based materials for catalytic and functional applications. 

 

RESEARCH METHODS 

The ingredients used in this study were 3-hydroxybenzoate, CuCl₂·2H₂O, methanol, DMSO, HNO₃ 69%, dry 

KBr, CuCl₂·2H₂O, Cu(NO₃)₂·3H₂O, Cu(SO₄)₂·5H₂O, CoSO₄·7H₂O, CoCl₂·6H₂O, FeSO₄·7H₂O, NaCl from E. 

Merck and Sigma-Aldrich.  

 

Synthesis of Cu(II) Complex 

CuCl₂·2H₂O (0.1705 g; 1 mmol) was dissolved in methanol (5 mL), and 3-hydroxybenzoic acid (0.27625 g; 

2 mmol) was dissolved in methanol (5 mL). Then, a solution of CuCl₂·2H₂O (0.1705 g; 1 mmol) was added 

dropwise to a stirred solution of 3-hydroxybenzoic acid, and the mixture was refluxed for 3 hours. The solution 

was left to settle at room temperature for 3 days to form complex deposits; the deposits were then filtered and 

vacuum-dried. 

 

Characterization of Cu(II) Complex Analysis 

Indications of complex formation are characterized by a shift in the maximum of absorption towards shorter 

wavelengths using the 'Lambda 25 Perkin Elmer' UV-Vis spectrophotometer. The purity of the complex was 

determined using the Atomic Absorption Spectrophotometer (AAS) 'Shimadzu AA-6650'. The 'Diamond Perkin 

Elmer' Thermogravimetry Analyzer/Differential Thermal Analyzer (TG/DTA) is used for the determination of the 

water content in the complex. The ratio of cation and anion charges is determined by measuring conductivity. 

Complex electricity was performed using a conducttometer 'Jenway CE 4071' at a complex concentration of 1 × 

10⁻³ M. Atoms or atomic groups coordinated on Cu(II) ions were estimated from infrared data using the 'Prestige-

21 Shimadzu' Fourier Transform Infrared (FTIR) spectrophotometer in the range of 400 – 4000 cm⁻¹. 

 

Computational Studies  

All quantum chemistry calculations were performed using the ORCA software package version 6.1.0 (Neese, 

2012; Neese et al., 2020). The calculation was performed within the framework of Density Functional Theory 

(DFT) with the functional hybrid B3LYP (Becke, 1993; Lee et al., 1988), supplemented with an empirical system 

correction D3 using Becke-Johnson (BJ) (B3LYP-D3BJ) to accurately account for van der Waals interactions and 

long-range system forces (Grimme et al., 2010; Grimme et al., 2011). Functional B3LYP is one of the most 

107versatile methods. It has been shown to provide accurate results for the quantum properties of transition metal 

complexes, including the HOMO-LUMO energy gap (Mohamed et.al., 2025). 

Different set bases were applied to accommodate the different electronic characteristics of atoms: the Carbon 

(C), Oxygen (O), and Hydrogen (H) atoms are represented by the Pople 6-311+G(d,p) set base (Krishnan et al., 

1980), while the double-polarized triple-zeta valence plus polarization set base, def2-TZVPP, is used for the 

Copper (Cu) transition metal atom (Weigend and Ahlrichs, 2005). Selecting a larger basis set for transition metals 

is essential for accurately describing complex electronic and d-orbital properties (Grau et al., 2024). Computational 

efficiency is improved by using the Resolution of the Identity (RI) approach with an auxiliary basis set def2/J, 
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uniformly applied to all atoms in the system (Weigend, 2006). The LARGEPRINT command produces complete 

and detailed output. 

 

RESULTS AND DISCUSSION 

Synthesis of Cu(II) Complex 

Synthesis of Cu(II)-3-hydroxybenzoate complexes with a 1:2 metal-ligand mole ratio yields dark green 

deposits (0.417 g; 86.51%). The formation of the complex is confirmed by a shift in the UV-Vis maximum 

absorption wavelength from 944 nm to 914 nm (Figure 1). This shift occurs because the H₂O molecule coordinated 

on the Cu(II) ion is replaced by a ligand of 3-hydroxybenzoic acid, which has a higher ligand strength compared 

to H₂O. The presence of a λmax shift is also found in [Cu(3-picolylamine)4]SO4.5H2O, which undergoes a shift in 

the electron spectrum towards a smaller wavelength from 815 nm to 751 nm (Azizah et al., 2025).  
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Figure 1. Electron spectrum of CuCl₂·2H₂O and Cu(II)- 3-Hydroxybenzoate in DMSO. 

 

Determination of Complex Formulas 

Copper Content Analysis 

The copper content in the Cu(II)-3-hydroxybenzoate complex is 13.17 ± 0.03% shown in Table S1. The 

experimental copper content is compared with theoretical values for various complex formulas, as shown in Table 

1. Based on Table 1, the Cu(II)-3-hydroxybenzoate complex is estimated to have the chemical formula Cu(3-

hydroxybenzoate)2Cl2·nH₂O (n = 3, 4, or 5). 

Table 1. The theoretical copper content of Cu(II)-3-hydroxybenzoate. 

Complex Formulas 
Molecular Weight 

(g/ mol) 

Kandungan Tembaga secara Teoritis 

(%) 

Cu(3-hydroxybenzoate)2Cl2 410.67 15.47 

Cu(3-hydroxybenzoate)2Cl2H2O  428.70 14.82 

Cu(3-hydroxybenzoate)2Cl22H2O 446.72 14.22 

Cu(3-hydroxybenzoate)2Cl23H2O 464.73 13.67 

Cu(3-hydroxybenzoate)2Cl24H2O 482.75 13.16 

Cu(3-hydroxybenzoate)2Cl25H2O 500.76 12.69 

Cu(3-hydroxybenzoate)2Cl26H2O 518.78 12.25 

 

Thermal Analysis 

Thermal analysis of the Cu(II)-3-hydroxybenzoate complex in the calculations of Table S2 and Figure 2 

shows one stage of mass loss. The first stage, a 13.58% loss, occurred between 30 – 110 °C, corresponding to the 

release of 4 water molecules (H₂O). Mass loss in the temperature range of 30 – 130 °C indicates the loss of water 

molecules as crystalline water (not coordinated with the central metal), while mass loss in the range of 150 – 200 

°C indicates the loss of water molecules from ligands (Rasyda et al., 2021). Once the 3HBA ligand is decomposed, 

all that remains is a mixture of Cu/Cu2O and carbon (C). Oxygen residues can react with Cu residues (such as Cu 

or Cu2O from ligand decomposition) and will oxidize into heavier CuO as they bind to oxygen. An increase in 
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mass at 600 °C allows the presence of CuO (Domán et al., 2017). The research by Aly et al. (2024) reported 

increases in mass at 620 °C and 790 °C, indicating the formation of CuO and carbon (C). Therefore, the Cu(II)-3-

hydroxybenzoate complex contains 4 molecules of crystalline water, thus producing the molecular formula Cu(3-

hydroxybenzoate)2Cl24H2O with a molecular weight of 482.746 g/mol. 
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Figure 2. Spectrum of thermal analysis of Cu(II)-3-Hydroxybenzoate complex. 

 

Conductivity Measurement  

Measurements of the electrical conductivity of Cu(II)-3-hydroxybenzoate complexes with multiple standard 

solutions in DMSO (1× 10-3 M) are presented in Table 2. The electrical conductivity values of the Cu(II)-3-

hydroxybenzoate complex that are close to the values of NiCl2·6H2O and Ni(NO3)2·6H2O indicate that the complex 

contains three ions with a cation and anion charge ratio of 1:2. This suggests that the complex functions as an 

electrolyte, with the Cl⁻ ion acting as a counterion. Therefore, the approximate molecular formula for the Cu(II)-

3-hydroxybenzoate complex is [Cu(3-hydroxybenzoate)2]Cl24H2O. 

Table 2. Measurement of the electrical conductivity of the Cu(II)-3-hydroxybenzoate complex with multiple 

standard solutions in DMSO. 

Solution m (S.cm2/mol) Number of Ions 

DMSO 0 - 

CoSO47H2O 10 2 

CuSO45H2O 9 2 

Ni(NO3)26H2O 40 3 

NiCl26H2O 41 3 

Fe(NO3)39H2O 59 4 

[Cu(3-hydroxybenzoate)2]Cl24H2O 41 3 

 

Infrared Spectral Measurements  

The FTIR spectrum of the ligand and Cu(II)-3-hydroxybenzoate complex (Figure 3) shows a shift at the peak 

of absorption of the functional group of the 3-hydroxybenzoate ligand when binding to Cu(II), as shown in Table 

3. The shift ν(O–H) from 3288 cm−1 to 3280 cm−1. The C=O bond shifts from 1695 cm-1 to 1719 cm-1. The IR 

spectrum of the Cu(II)-3-hydroxybenzoate complex shows a new band at 438 cm-1, assigned to the Cu–O bond 

vibration. The wide band around 3400 – 3200 cm⁻¹ is a typical band of O–H strains, the width of which strongly 

indicates overlapping between the phenolic –OH of 3-hydroxybenzoate and –OH of 4 crystalline H₂O molecules. 

The absence of drastic shifts or loss of phenolic –OH bands indicates that the –OH group is not deprotonated. 

Table 3. Absorption of functional groups of complex compounds Cu(II)-3-hydroxybenzoate and 3-

hydroxybenzoate. 

Functional 

Groups 
Theory (cm-1) 

Number of Experimental Waves (cm-1) 

Ligand Complex 

O–H 3696 – 3367 (Ermiş and Durmuş, 2020) 3288 3280 

C=O 1688 (Bhaskar et al., 2020) 1695 1719 

Cu–O 425 (Kargar et al., 2021) - 438 
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Figure 3. FTIR Spectrum of Cu(II)-3-hydroxybenzoate and 3-hydroxybenzoate complexes. 

 
Electronic Spectrum Measurement 

The results of the electronic spectrum measurements can be seen in Table 4, which shows that the molar 

absorbivity () of the complex [Cu(3-hydroxybenzoate)2]Cl24H2O is greater than that of CuCl22H2O which has 

a greater molar absorbivity value () after coordination, and this indicates the presence of a typical d-d transition 

for distorted planar square geometry (El-Deen et al., 2018). Molar absorbivity () is related to the type of electronic 

transition. This relates to the increase in covalent bond properties resulting from the mixing of d and π orbitals. 

Table 4. Electronic spectrum measurements. 
No. Compounds max (nm) A  (cm-1)   (L.mol−1.cm−1) 

1. CuCl22H2O 944 0.364 10593 36 

2. [Cu(3-hydroxybenzoate)2]Cl24H2O 914 0.643 10940 145 

 

The absorptivity value () of 146 L.mol−1.cm−1 in the Cu(II) complex indicates that the observed absorption 

band is derived from the d-d transition. In Cu(II) complexes with distorted planar square geometry, the Laporte 

rule does not apply strictly due to the absence of an inversion center and the structural distortion associated with 

the Jahn-Teller effect. This condition increases mixing of metal and ligand orbitals, so that the theoretically 

forbidden d-d transition is partially permitted, reflected in values in the hundreds range. The mixing of the d and 

π orbitals is also evident in the DFT orbital visualization. Mixing of d and π orbitals can lower the "prohibition" 

on electronic transitions, so that the transition from HOMO localized in ligand π systems to LUMO that has a 

strong Ligand to Metal Charge Transfer (LMCT) character.  

Based on crystal field theory, the strength of the ligand field () is proportional to the energy (E). Meanwhile, 

according to Planck's Law, energy is proportional to frequency (v), where the frequency is inversely proportional 

to the wavelength (λ), so that a strong ligand field results in a smaller wavelength (λ) and a greater energy (E). The 

relationship of energy (E) and wavelength (λ) obtained by Planck's Law can be seen in the Δ0Table 5. 

Table 5. Calculations based on Planck's Law. 

No. Compounds  (m)  (cm-1)  (Joule) 

1. CuCl22H2O 944 × 10-9 10593,22 7.02 × 10-30 

2. [Cu(3-hydroxybenzoate)2]Cl24H2O 914 × 10-9 10940,92 7.25 × 10-30 

 

Structure Geometry Optimization Results 

The results of the structural optimization of Cu(3-hydroxybenzoate)2]Cl24H2O indicate that the Cu(II) 

coordination center adopts a distorted planar square geometry with four oxygen atoms as the main donors, as 

shown in Figure 4. Planar square geometry is a common configuration in Cu(II) complexes with d⁹ ions, although 

distortion from the ideal geometry often occurs due to ligand-electron and steric effects (Grau et al., 2024; Matović 

et al., 2000). The geometric distortion in this complex is reflected in the fairly significant variation in bond angles, 
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as shown in Table 6, where the two narrow angles, O1-Cu-O2 and O4-Cu-O5, are about 65.9°, while the angles 

O1-Cu-O5 and O2-Cu-O4 are about 114°.  

 
Figure 4. Visualization of Cu(II) complex structures with 3HBA. 

 

Table 6. Bond angles in Cu(3-hydroxybenzoate)2]Cl24H2O. 

Bonding Angle (°) 

O1-Cu-O2 

O1-Cu-O5 

O2-Cu-O4 

O4-Cu-O5 

O1-C1-O2 

O4-C8-O5 

65.9 

114.0 

114.1 

65.9 

116.9 

116.9 

 

The angular pattern indicates a chelating configuration of the ligands, forcing the donor atoms into an 

orientation that is not completely symmetrical, as shown in Table 6. The narrow chelate angle (65.9°) is a typical 

characteristic of a five-member chelate system formed by a carboxylate group that binds to the metal in bidentate 

mode. The deviation from the ideal planar square geometry (90° angle) can be attributed to intramolecular steric 

factors and the electronic effects of aromatic ligands (Sabolović and Liedl, 1999). The internal angles of the two 

carboxylate groups, O1-C1-O2 and O4-C8-O5, are 116.9°, respectively, corresponding to the sp² geometric 

character common to delocalized carboxylate systems. These angular values are consistent with experimental 

crystallographic data for copper carboxylate complexes reported in the literature. 

Table 7. Bond length in Cu(3-hydroxybenzoate)2]Cl24H2O. 

Bonding Length (Å) Bonding Length (Å) 

Cu-O1 

Cu-O2 

Cu-O3 

Cu-O4 

2.001 

1.996 

2.003 

1.998 

C1-O1 

C1-O2 

C8-O4 

C8-O5 

1.276 

1.276 

1.276 

1.276 

 

The length of the Cu–O bond is in the range of 1.996 – 2.003 Å, indicating a relatively balanced coordination 

interaction between the metal center and the oxygen atom. This bond length is within the typical range for Cu(II)-

carboxylate complexes and indicates moderate coordinating bond strength (Valach et al., 2010). The length of the 

C–O bond in the ligands remains consistent at about 1.276 Å, reflecting the delocalization of electrons in stable 

carboxylate groups. The uniformity of the length of the C–O bond indicates that the two 3HBA ligands make an 

equivalent electronic contribution to the Cu(II) metal center. 

Further calculations indicate that the formation of the Cu(II)–3HBA complex in the gas phase is highly 

energetically favorable. The complexation energy is calculated as the difference in electronic energy between the 

complex and its separate species (Cu(II) ions and two 3-HBA ligands), yielding -1.0424 Hartree, or about -654.12 

kcal/mol. This large negative value indicates a significant decrease in total energy, making the complex very 

electronically stable. Since it is carried out in the gaseous phase without the solvent effect, the entire stabilization 

contribution comes from the direct interaction of the metal-ligand, especially the coordination bond through the 

donation of electron pairs from the ligand donor atom atom to the empty orbital of the metal as well as the 
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electrostatic interaction, so that the binding strength obtained represents the maximum intrinsic stabilization of the 

system. 

Overall, these structural parameters confirm that the Cu (3-hydroxybenzoate)2]Cl24H2O complex has a stable 

coordination architecture, with typical distortions arising from the formation of chelate rings. The optimized 

structure shows that the complex maintains structural integrity through the formation of strong chelates, which are 

essential for its thermal and chemical stability in practical applications. 

 

HOMO-LUMO Analysis 

The HOMO-LUMO energy gap is a fundamental parameter that describes a molecule's kinetic stability and 

chemical reactivity (Huang et al., 2017). The energy gap of the Cu(II) complex with 3-hydroxybenzaoic acid 

(3HBA) is 4.772 eV. In general, the greater the energy gap value, the more kinetically stable a molecule will be 

and the less reactive it will be to chemical reactions, as it takes more energy to promote electrons from HOMO to 

LUMO (Miar et al., 2021). In contrast, small energy gaps indicate molecules that are more reactive and prone to 

electronic transitions. 

The value of 4.772 eV indicates that this complex has moderate kinetic stability. For transition-metal 

complexes, energy gaps of 3 – 5 eV generally indicate a balance between stability and reactivity that is adequate 

for catalytic applications (Akbari et al., 2024). This relatively large energy implies that the complex does not 

undergo oxidation or reduction easily under standard conditions and requires a sufficiently high activation energy 

to react.   

 
Figure 5. Visualization of HOMO and LUMO of Cu(II) complexes with 3HBA. 

 

Meanwhile, the orbital visualization in Figure 5 shows the dominant primary electronic transition. HOMO (-

6,662 eV) is significantly localized to organic ligands (π-orbitals), making it an electron donation center 

(nucleophilic). In contrast, LUMO (-1.890 eV) has a major contribution to the Cu(II) metal center and the 

coordinating oxygen atom (mixed π*/d-orbital), making it an electron acceptor center (electrophilic). 

The lowest energy electronic transition (HOMO→LUMO) is the Ligand-to-Metal Charge Transfer (LMCT) 

type, in which electrons move from the ligand to the center of the metal. These LMCT transitions are crucial for 

explaining the optical activity and catalytic properties of the complex, which often involve the absorption of UV-

Vis light to trigger this charge transfer (May and Dempsey, 2024; Juliá, 2022). 

LMCT transitions in Cu(II) complexes with carboxylate ligands have been reported to produce intense 

absorption bands because they are not constrained by Laporte's selection rules like d-d transitions (Juliá, 2022). 

LMCT transitions can facilitate the activation of complex photochemicals and generate reactive species useful for 

catalytic applications. In the context of the Cu-3HBA complex, the LMCT transition that occurred at an energy of 

4.772 eV (about 260 nm) was within the UV range, which is consistent with the absorption bands characteristic of 

the aromatic Cu(II)-carboxylate complex reported in the literature (Tar et al., 2025). 
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Molecular Electrostatic Potential Map 

The Molecular Electrostatic Potential Map (MEP) is a useful visualization tool for mapping a molecule's 

electronic charge distribution and predicting reactive sites for electrophilic and nucleophilic attack (Akbari et al., 

2024). In the Cu(II) complex with 3-hydroxybenzoic acid (3HBA), the MEP map (Figure 6) shows a significant 

difference in the distribution of surface charges, which is represented using a color scale where red indicates areas 

with negative electrostatic potential (electron-rich/nucleophilic), and blue indicates regions with positive 

electrostatic potential (electron-poor/electrophilic). 

 
Figure 6. Visualization of the Molecular Electrostatic Potential (MEP) Cu(II) complex with 3HBA. 

 

In this complex, the molecular center involving the copper (Cu) atoms and the carboxylate oxygen atoms is 

dominated by red, indicating a high negative potential. This indicates that this area has a high electron density and 

is most likely to interact as an electron or nucleophile donor with positively charged species (electrophiles). The 

presence of deprotonated carboxylate groups and oxygen atoms coordinating to the electronegative Cu(II) strongly 

contributes to the accumulation of negative charge at the center of the complex. 

The accumulation of negative charges at the coordination center of the metal and carboxylate groups is 

consistent with the strong electron donor properties of the ionized carboxylate group. This is also in line with the 

HOMO analysis, which shows that the highest electron density is in the ligand. These sites with high negative 

potential will be prime targets for interactions with positively charged or electron-deficient substrates in catalytic 

reactions. 

In contrast, the outermost areas of the molecule, especially the benzene ring and the terminal hydrogen atoms 

bound to carbon, show a color closer to white or pale pink, indicating a less negative or even close to zero, or 

slightly positive charge. These areas tend to be more stable or neutral and are less attractive sites for electrophilic 

attack than the complex's center. The more neutral charge distribution in the aromatic ring indicates that the 

benzene ring's delocalized π system has a relatively even charge density. 

 

CONCLUSION 

The complex in this study was successfully synthesized by refluxing CuCl2·2H2O along with 3-

hydroxybenzoic acid (3HBA) at a molar ratio of 1:2. The complex formula is [Cu(3-hydroxybenzoate)₂]Cl·24H2O, 

in which Cl⁻ acts as a counterion. The complex exhibits a single electronic absorption peak at 914 nm, indicating 

ligand-metal charge-transfer (LMCT) and d-d transitions, consistent with a distorted planar square geometry. The 

infrared spectrum shows the phenolic –OH band, indicating that –OH is not deprotonated. Computational methods 

are used to reveal electronic structures and molecular geometries and to verify experimental data. Computational 

DFT studies of Cu(II) complexes with 3-hydroxybenzoate reveal important electronic structures and molecular 

geometries. The complex forms a distorted planar square structure with four oxygen atoms from two ligands, with 

a Cu–O bond length of about 2 Å, signaling a strong coordination interaction. The HOMO-LUMO analysis showed 

an energy gap of 4.772 eV, indicating moderate kinetic stability and controlled reactivity. HOMO is localized on 

aromatic ligands, whereas LUMO is centered on the metal and oxygen, exhibiting LMCT transitions relevant to 

photochemical and catalytic activity. The molecular electrostatic potential (MEP) map highlights the metal center 

and carboxylate group as the main nucleophilic sites. At the same time, the aromatic ring shows a neutral charge 

distribution, which is important for understanding non-covalent interactions and for catalysis or molecular 

recognition applications. 
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