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Table 1 Calculated, observed and assignment of the vibrational frequencies (em™")

for caffeic acid and caffeic acid adsorbed on Ag surface (CA-Ag)

Raman SERS .
Cal Exp Mod A Mod B Mod C Exp Assignments
445w 443 452mw O—H and C—H out-plane bending
537w 584 547mw Ring and O—H -plane out-plane bending
602mw 608 608 614w Ring out-plane bending and COO— in-plane bending
685vw 725w C—H and C=0 out-plane bending
778w 784 Ring breathing vibration
802s 806 808 808 822mw C—O stretching and ring in—plane deformation
851s 895 870mw  C—H out-plane bending
974s 937 979s C—H out-plane bending
1 055w  C—H out-plane bending
1113 1 106s 1119 1115 1118 1120s O—H in—plane bending, C—C(ring) stretching and C—H bending

1164 1 184ms 1180 1173 1181 1163s O—H and C—H in-plane bending
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1
1202 1209 1201 O—H in-plane bending
1306 1 305vs 1283 1272 1275 1275vs  C—O stretching, C—H and O—H in-plane bending
1 354s 1335 1332 1332 1 338s C—H in-plane bending, —COOQO— stretching
1 380 1400 1390 1387 O—H in—plane bending
1450w 1 435s C—C(ring) stretching
1548 1532s 1567 1563 1 566 1 494s O—H and C—H in-plane bending
1638 1 613vs 1642 1651 1651 1 595vs O—H and C—H in-plane bending
1690 1 640ms 1677 1687 1678 1 632ms C=C stretching, C—H in-plane bending
1738 1777 1736 C=0 stretching
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Abstract Caffeic acid (CA) is a medicinal component with high medical value. It is widely applied in antibacterial and antiviral
applications. In particular, caffeic acid and its derivatives have a enormous function in antitumor. Nowadays. there are many
researches about caffeic acid. However, most of them are about the medicinal properties of caffeic acid, as a result the investiga-
tion of the microstructure of caffeic acid molecules is necessary. So far, there are no theoretical and experimental studies about
the surface-enhanced Raman scattering spectroscopy (SERS) of CA on Ag surface. It is worth noting that the research on the vi-
brational spectrum and surface enhancement mechanism of caffeic acid can be a variety of pharmaceutical mechanisms of caffeic
acid. Therefore, a combine surface-enhanced Raman scattering (SERS) and density functional theory (DFT) techniques are ap-
plied to conduct a comprehensive study of the adsorption properties and surface enhancement mechanism of caffeic acid on Ag
nanoparticles, which can provide a scientific explanation to the medicinal properties of caffeic acid. This has important reference
for advancing their related research in medicine and other fields. In this paper, surface-enhanced Raman spectroscopy of CA mol-
ecules on the surface of Ag nanoparticles was studied using combined SERS and DFT techniques. Ag nanoparticles were prepared
using trisodium citrate and silver nitrate under heating and stirring using the principle of thermal reduction reaction and conven-
tional Raman scattering (NRS) spectra and SERS spectra of CA molecules were measured usingthe laser confocal micro-Raman
spectrometer. In terms of theoretical calculations, we applied B3LYP method to optimize the molecular configuration of caffeic
acid, the adsorption configuration of Ag,, the adsorption configuration of carboxyl group and Ag, ., and the configuration of ad-
sorption of Ag, by both hydroxyl and carboxyl groups, using 6-31+G** and LANL2DZ as the basis set for C, H, O, and Ag.,
respectively. Then, the NRS spectra of CA molecules and the SERS spectra of three possible adsorption models were calculated
and compared with experimental results. At the same time, the vibration mode of CA molecules was confirmed. According to the

! was attributed to the coupling of the torsional bending vibration

experimental data and theoretical results, the peak at 452 cm™
and the —OH out-of-plane bending vibration, which indicated that the phenolic hydroxyl group on the CA molecule have a weak
interaction with the Ag nanoparticle. We speculated that the CA molecular plane may not be perpendicular to the surface of the
Ag substrate. The peak appearing at 1 338 cm ™' was attributed to COO— stretching vibration, which indicated that the carboxyl
group on the CA molecular is vertically adsorbed with the Ag nanoparticle. The results showed that CA molecules adsorbed on
the surface of Ag nanoparticles with carboxyl groups and phenolic hydroxyl groups as adsorption sites. At the same time, we

have identified the vibrational modes of CA molecules in detail. This work has an important effect on the further applications of

caffeic acid in biomedicine and other fields.
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