4.1.1	Fourier Transform Infrared Spectroscopy (FTIR) Analysis
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FIG 6: FTIR Analysis of Green Synthesized ZnO NPs

Analysis:
Fourier Transform Infrared Spectroscopy (FTIR) was employed to identify the functional groups present in the plant extract that are responsible for the reduction of zinc ions and the subsequent capping and stabilization of the synthesized nanoparticles.

The FTIR spectrum (Fig. 6) shows several characteristic absorption bands, which act as fingerprints for specific organic functional groups. The key transmittance peaks observed at specific wavenumbers (cm⁻¹) are analyzed as follows:

·  O-H Stretch (~3250 cm⁻¹): 
Interpretation: This broad and strong peak is indicative of O-H stretching vibrations. It is primarily associated with the presence of phenolic compounds, flavonoids, and alcohols in the cocoa leaves extract. These biomolecules are crucial for the bioreduction process, converting zinc ions (Zn²⁺) into zinc oxide (ZnO) nanoparticles. The broad nature of the peak suggests extensive hydrogen bonding.
·  C-H Stretch (~2920 cm⁻¹ & ~2850 cm⁻¹):
Interpretation: These sharp, medium-intensity peaks represent asymmetric and symmetric C-H stretching vibrations, respectively, in the -CH₂ and -CH₃ groups of alkyl chains. These are common in the long-chain hydrocarbons and aliphatic moieties of organic compounds found in the plant extract.
·  C=O Stretch (~1625 cm⁻¹):
Interpretation: C=O stretching vibrations are responsible for this strong and important peak. This peak is quite typical of C=C stretching in polyphenols or flavonoids' aromatic rings when it comes to plant-mediated synthesis.
 
The existence and strength of this peak indicate that these carbonyl-containing substances actively participate in stabilizing and capping the produced ZnO nanoparticles to stop them from aggregating.
· C-O Stretch & O-H Bending (~1400 cm⁻¹ & ~1025 cm⁻¹): 
Interpretation: The peak at ~1400 cm⁻¹ can be attributed to O-H bending vibrations of carboxylic acids or C-N stretching of amines. The peak at ~1025 cm⁻¹ represents C-O stretching vibrations in alcohols, phenols, and carboxylic acids. These functional groups are abundant in plant metabolites and further confirm the presence of organic capping agents derived from the cocoa leaves on the nanoparticle surface.
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