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Abstract 

Ligand chemistry is fundamental to coordination chemistry, complex chemistry, analytical reagents, 
and the treatment of heavy ion pollutants. Recently, ligand complexes have been used in biological 
applications such as radiation and the treatment of certain types of tumors. Researchers have expanded 
their studies to include complexes such as nanomaterials and drug carriers, demonstrating their 
effectiveness through their nanoscale properties. It is worth noting that we chose indole and linked it 
to a chalcone group to enhance its activity and applications. The chalcone group contains a carbonyl 
group and an unsaturated alkene group with a sequential pattern, making it highly stable. It was also 
linked to a two-nitrogen azo bridge group, which includes electron pairs, further increasing its 
efficiency and applications. They are primarily synthesized via the Claisen-Schmidt condensation, a 
reaction between an aromatic aldehyde and an acetophenone in an alkaline or acidic medium; due to 
the restricted rotation around the double bond, chalcones predominantly exist in the thermodynamically 
stable E-configuration, which facilitates a planar structure optimal for electronic conjugation. 
Chromatographic separation is considered one of the best methods in analytical chemistry for 
achieving high purity in separation, as it relies on the molecular weight of the compound, the functional 
groups, interactions, and polarity of the functional groups within a single compound. This allowed us 
to prepare a new ligand, which was then synthesized with cadmium (Cd) and divalent zinc (Zn) ions. 
Its diagnostic spectra and antifungal activity against two types of fungi were studied, followed by an 
investigation of its chromatographic behavior. 
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INTRODUCTION 

Chalcones, or 1,3-diphenyl-2-propene-1-one, are prominent members of the flavonoid family, 
characterized by two aromatic rings joined by a three-carbon, beta-unsaturated carbonyl system [1–3]. 
This “enone” bridge is the source of their extensive chemical reactivity and biological potential [4, 5]. 
They are primarily synthesized via the Claisen-Schmidt condensation, a reaction between an aromatic 
aldehyde and an acetophenone in an alkaline or acidic medium [6, 7]. Due to the restricted rotation 
around the double bond, chalcones predominantly exist in the thermodynamically stable E-

configuration, which facilitates a planar structure 
optimal for electronic conjugation [8–11]. 
 
Analytical and Preparative Chromatography 

Chromatographic techniques are fundamental for 
the isolation and quality control of both natural and 
synthetic chalcones [12–14]. 
 

Thin-Layer Chromatography (TLC) 

Serves as a primary tool for monitoring reaction 

progress and purity, where Rf values shift based on 

the electron-donating or withdrawing nature of 

substitutes on the aryl rings [15–18]. 
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High-Performance Liquid Chromatography (HPLC) 

This is the definitive method for quantifying chalcone derivatives. Using Reversed-Phase HPLC 

(C18 columns), researchers can resolve complex mixtures with high precision, utilizing the varying 

lipophilicity of the chalcone scaffold to achieve separation [19–22]. 

 

Complex Formation 

Upon reacting with ions such as Cu2+, Ni2+, Co2+, Zn2+, and Fe, or any other ions, the chalcone 

undergoes deprotonation and coordinates through the carbonyl oxygen [23–25] and the phenolic 

oxygen. This results in the formation of a stable six-membered chelate ring [26–29]. 

 

Spectroscopic Characterization 

The formation of these complexes is typically confirmed via FT-IR, which shows a distinct 

bathochromic shift in the carbonyl (C=O) stretching frequency, and UV-Vis spectroscopy, which 

reveals metal-to-ligand charge transfer (MLCT) bands. 

 

EXPERIMENTAL SECTION 

Formation of Chalcone-Azo Ligand 

The methods for preparing chalcone and azo ligands are distinctive and do not consume expensive 

materials or many catalysts. Therefore, we used the best and simplest preparation methods, and the 

preparation of the primary azo compound was also done using the usual simplified coupling method. 

(0.04 mol) of 5-Bromo-2-aminoindole was occupied with (3 ml) concentrated hydrochloric acid and a 

cold sodium nitrite solution (0.003 mol), which was left to settle for 10 minutes. This was then mixed 

with a basic of 3,5-dimethyl benzaldehyde solution in the coupling reaction stage. The solvent was then 

detached by percolation, and the precipitate was bathed with distilled water, aeration, which (0.001 mol) 

rotated at room temperature for (6 h) with (0.001 mol) of (acetophenone) with 5% of basic solution to 

yield 72% orange precipitate of the ligand, following the routines explained in the studies [15, 18]. 

 

Formation of Complexes of (Cd, Zn)II 

Complexes of two ions II (Zn, Cd) were formatted according to the ideal molar ratios and 

specifications for both complexes. The complexes were synthesized at molar ratios (1:2) (Ion:ligand) 

by dissolving the Chalcone-Azo ligand in ethyl alcohol, which was then diversified with both ions alone 

as the chloride ion after dissolving it in the ion solution [30–33] to form the complexes. Both complexes 

were then indicated by diagnostic spectroscopy to verify coordination, Figure (1). 

 

 
Figure 1. Preparation of chalcone-azo ligand. 
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RESULTS AND DISCUSSION 

The (UV-Vis) Analysis 

The determination wavelengths of Chalcone-Azo ligand, as well as the two ions cadmium and zinc 

complexes, were calculated via standard solution concentrations and challenging the ideal wavelength 

under best conditions, at test center temperature [34–36], and with the ligand soluble in ethanol. The 

wavelength curves were very clear and apparent for both complexes, as indicated in (Figures 2–4) and 

(Table 1) some properties for ligand and complexes. 

 

 
Figure 2. UV-Vis of {Ligand}. 

 

 
Figure 3. UV-Vis of {Complex-Zn}. 
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Figure 4. UV-Vis of {Complex-Cd}. 

 

Table 1. Some properties of ligand and complexes. 

Ligand and Complexes Color Melting Points Percentage % 

Chalcone Azo Ligand  Orange 168 72 % 

Complex- Cd Pill Green  212 86 % 

Complex- Zn Yellowish Green  204 82 % 

 

The (IR) Analysis 

To confirm the identity of any chemical compound or to establish the chemical structure of a ligand 

and its complexes, researchers resort to structural analysis to determine the composition of the ligand 

and the functional groups it contains, such as the azo bridge group, and how the ion binds to the ligand 

to form the complex by detecting the spectral statistics of the arranged ligands and complexes, a band 

appeared at {3448, 3281, 3120} cm-1 indicating the amine group of Indole cycle in the ligand [38–40] 

and three complexes {ligand, Complex-Cd, Complex-Zn} respectively; also azo group appeared at 

{(1442, 1500), (1406, 1490), (1433, 1503)} cm-1 indicating the (-N=N-) group in the ligand and three 

complexes {ligand, Complex-Cd, Complex-Zn} respectively; also bands for carbonyl of chalcone 

{1690, 1710, 1720} respectively. Thus, the further quintets and occurrences are revealed in the spectral 

(Figures 5–7). 
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Figure 5. IR for chalcone-azo ligand. 

 

 
Figure 6. IR for Complex-Zn. 
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Figure 7. IR for complex-Cd. 

 

Evaluation of Chromatographic Behavior of Complexes 

This technique provides essential data regarding molecular fragmentation, allowing for the definitive 

structural elucidation of volatile chalcone derivatives. Chromatographic separation is considered one of 

the best methods [41, 42] in analytical chemistry for achieving high purity in separation, as it relies on 

the molecular weight of the compound, the functional groups, interactions, and polarity of the functional 

groups within a single compound. Solutions of 10 ml of ligands and complexes were prepared and 

injected onto the column [42], and the results were clearly visible in Figures (8–10). 

 

 
Figure 8. Chromatogram of ligand. 
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Figure 9. Chromatogram of complex-Zn. 

 

 
Figure 10. Chromatogram of complex-Cd. 

 

Antifungal Guesstimate 

These supplies reveal potent antifungal and antitumor activities via assisting the intracellular creation 

of bioactivity and improving DNA-compulsory attraction. Systematically, they attend as greatly 

sensitive colorimetric and electrochemical devices for identifying waste product [43, 44]. 

Environmentally, they are developed as competent photo mechanisms for the degradation of natural 
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colorants and as high-capacity adsorbents for the exclusion of elements from engineering sewer water, 

adopting detailed argues in ecological remedy. For this the genetic value of Ligand and (Cd, Zn) 

complexes were established as antifungal agents via advanced concentrations (3 recordings) as (4x10⁻1, 

4x10⁻3, 4x10⁻5 molar) decisive to references [15, 18], all data logged in (Table 2) with (Figure 11). 

 

Table 2. Antifungal Inhibition of Ligands and Complexes. 

Ligands & Complexes Aspergillus Candida albicans 

Chalcone Azo Ligand  6 8 

Complex- Cd 10 12 

Complex- Zn 10 14 

 

 
Figure 11. Reticence distance of candida albicans. 

 

CONCLUSIONS 

The results obtained from the chromatogram curves in the separation proved that they depend on the 

molecular weight of the compound, the functional groups, the interactions, and the polarity of the 

functional groups within a single compound. The ligand was the first compound to separate because its 

molecular weight is lower than that of the complexes. As for fungicidal activity, the zinc complex was 

the most effective against fungi compared to the other compounds. Azo derivatives are antifungal agents 

that have been used in several studies on burns, directly in the form of ointments or creams, and have 

been shown to eliminate fungal infections caused by the spread of dermatitis, as well as fungi prevalent 

in hospitals, health centers, and operating rooms. 
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