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SERS Study of Fluorescein Using the Silver Sol and
Silver Mirror Substrates
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<Abstract>

It has been recently reported that the SERS (Surface
Enhanced Raman Scattering) effect of the silver mirror
substrate made by Tollen’s method is much superior to
that of other substrates. In this study, the experiments for
comparison of surface enhancement of silver sol and silver
mirror substrates were done, where we checked the
characteristics of silver mirror substrate made by Tollen’s
method. The surface enhancement of fluorescein was
analyzed by silver sol and silver mirror substrates. We
observed the SERS spectra of fluorescein. The assignments
of the vibrational bands shown in SERS spectra are given
based on both literature and the semi-empirical calculations
at the PM3 methods. The surface enhancement properties
for fluorescein showed that the silver mirror was more
superior to sliver sol substrates. Spectra of fluorescein
revealed that fluorescein was adsorbed on silver surfaces
by a common oxygen atom. According to the ‘surface
selection rule’, the vibrations in the band intensities reflect
the adsorption orientation of the molecule on to the surface
of SERS substrates. Therefore, we deduced that the
adsorption orientation of fluorescein was little tilted
perpendicular to the silver surfaces by using of the surface
selection rules.

Keywords @ Surface Enhanced Raman Scattering, Fluorescein,
Silver Mirror, Silver sol.
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Fig. 1 A diagram of the chemical changes which
take place during the protolytic reaction between
dianion and monoanion forms of fluorescein.
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Fig. 2 SERS spectra of 1x10° M of Fluorescein
adsorbed silver sol (a) and silver mirror substrates
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Table 1. The vibrational bands(in cm™) observed in
SERS spectra of fluorescein in aqueous solutions
their assignments based on both literature and PM3
calculations.

SERS Calculation Assignments

946 963 breathing of central bonds
1184 1901 C5-C6 bending, C8-C9 bending
and C-OH bending
1330 1324 CC stretching
1410 1422 CCH bending and CC stretching
1476 1541 CO and CC stretching
CC stretching (C13-C14, C9-Cl1,
1544 1568
C3-C4, C1-C6)
CC stretching (C13-Cl14, C2-C3,
1600 1630 C5-C6)
1634 1663 symmetric CO and CC stretching

Fluorescein®] 57 vt =S gig A&
REE FAFSFe] Table 1ol JEWIH. 53
Fig. 2014 #5H A #w
&0 2 Fluorescein A2 A4 F2 ]S
ol H 7] 98], HyperChem Z 2139 PM3
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3el YRSl

Fig. 3 The conversion for the numbering of atoms
of three dimensional of fluorescein molecule. The
numbers are used to identify specific nuclei in the
theoretical descriptions of the vibrational modes.
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Fig. 4 The electrical charge of the fluorescein
molecule calculated by HyperChem PM3 methods.
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Fig. 5 Plausible adsorption orientation of fluorescein
on silver surface via five oxygen atoms
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