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Table S1. FTIR Absorption Bands and Functional Group Assignments of RS Extract, CeNPs, ZnNPs, and Ce-Zn 
Nc.

Sample Wavenumbe
r

(cm⁻¹)

Assigned Functional Group
(s)

Possible Chemical Bonds / Vibrations

RS 2925 C–H stretching Alkanes/Terpenoids
1645 C=O / N–H Stretching Amide I (Proteins)
1052 C–O stretching Ethers/Alcohols

CeNPs 3392 O–H stretching Capping interaction
2913 C–H stretching Alkanes
1612 C=O stretching Carbonyl groups
523 Ce–O Stretching Cerium Oxide formation

ZnNPs 3371 O–H stretching Polyphenol involvement
1602 C=O stretching Amides/Carbonyls
544 Zn–O stretching Zinc Oxide formation

Ce-Zn Nc 3292 O–H Stretching Capping stabilization
1705 C=O Stretching Carboxylic acids
1516 Aromatic C=C Stretching Flavonoids/Aromatic rings
515 M–O Stretching Bimetallic Oxide junction



Table S2. Raman Shift Bands and Functional Group Assignments of CeNPs, ZnNPs, and Ce-Zn Nc.

Sample Raman Shift 
(cm⁻¹)

Assigned Vibrations Possible Chemical Bonds / 
Functional Groups

 CeNPs 70 Lattice vibrations Metal oxide lattice modes
2919 C–H stretching Alkanes/Methyl groups
3525 O–H / N–H stretching Hydroxyl/Amine groups

 ZnNPs 76 Lattice vibrations Metal oxide lattice modes
3017 C–H stretching Alkanes/Capping residues
3526 O–H stretching Hydroxyl groups

 Ce-Zn Nc 68 Lattice vibrations Bimetallic lattice modes
2927 C–H stretching Alkanes
3411 O–H / N–H stretching Hydroxyl/Amine groups


