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Large—area High—performance SERS Substrates Prepared with a Combi-
nation of Mesoporous Silica Film and AuAg Alloy film
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Abstract Uniform large-area and high-performance surface enhanced Raman scattering (SERS) substrates were prepared
for the first time by using a simple three-step method. The method contains sputtering deposition of an AuAg alloy layer on
the glass sheet and subsequent dip-coating of a sol-gel copolymer-templated silica film on the alloy layer and finally thermal
treatment of the double-layer coated glass sheet in air at 450 °C for several hours. The thermal treatment leads to formation
of the mesoporous silica (MS) film. The scanning electron microscope images show that the top layer of MS has the
open-pore structure that facilitates rapid diffusion of small molecules into the film. The energy dispersive X-ray (EDX) spec-
troscopy analyses indicate that the thermal treatment of the substrate results in the loss of Ag atoms in the AuAg alloy film
accompanied with the nanostructure formation in the film. The systematic measurements of SERS spectra for Nile blue (NB)
and Crystal violet (CV) demonstrate that the insertion of a 20-nm-thick gold layer between the glass sheet and a 50-nm-thick
AuAg alloy film can effectively increase the SERS enhancement factor of the substrate. Dependence of the SERS signal on
the substrate immersion time was investigated with an aqueous solution of 50 nmolsL ™' CV, and the findings indicate that the
intensity of SERS signal increases with increasing the immersion time up to 30 min after which the signal becomes stable.
The SERS signal intensity detected 15 min after immersion is 85% of its stable value. The position of each peak in the SERS
spectrum for the adsorbed CV molecules is perfectly identical to that in the conventional Raman spectrum obtained with the
aqueous CV solution, giving a sign that the MS film enables to prevent the metal from interfering the positions of SERS
peaks. The experimental results demonstrate that such novel SERS substrates have the detection limit of 1 nmolsL ™' NB.
Keywords AuAg alloy film; mesoporous silica film; SERS substrate; large area; high performance; detection limit
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Figure 1 Surface morphology of Glass/Au/AuAg/MS substrate ob-
served by scanning electronic microscopy
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Figure 2  Energy dispersive X-ray (EDX) spectra of both the
Glass/AuAg/MS and Glass/Au/AuAg/MS substrates before and after
calcination
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Table 1 Energy dispersive X-ray (EDX) analysis of the reduction of Ag
in the SERS substrates by calcination

Substrate Ag/% Au/% Ag/Au
Glass/Au/AuAg/MS (before calcination) 50.98 49.02 1.04
Glass/Au/AuAg/MS (after calcination) 4230 57.70 0.74
Reduction/% — — 2884
Glass/AuAg/MS (before calcination) 61.13 38.87 1.57
Glass/AuAg/MS (after calcination) 30.38 69.62 0.44
Reduction/% — — 7197
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Figure 3 SERS spectra of (a) Nile blue (NB) and (b) Crystal violet (CV)
obtained with the three different SERS substrates (Glass/Au/AuAg,
Glass/Au/MS, and Glass/Au/AuAg/MS)
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Figure 4 Influences of the metal-layer thickness of AuAg alloy films (a)
and Au layers (b) of Glass/Au/AuAg/MS substrates on the SERS spectra

of NB
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Figure 5 (a) SERS spectra measured after immersion of the

Glass/Au/AuAg/MS substrate in the aqueous CV solution for different

time durations and (b) dependence of the peak intensity at 919 cm ' on

the immersion time (the fitting exponential curve to experimental data
also shown)
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Figure 6 Comparison between the SERS spectrum for CV molecules
adsorbed on the Glass/Au/AuAg/MS substrates and the conventional
Raman spectrum with the aqueous CV solution.
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Figure 7 Concentration dependences of (a) NB and (b) CV spectra
obtained with the Glass/Au/AuAg/MS substrates

3 g

T VRR FH 4 88 A 4 T AT A L SR P Tk 3 I DL
TR RRAS T B T 28 v I il 4 H 2 ST KT AR TH
18 58 7 B U L B (Glass/Au/AuAg/MS JEJEE). SEI6 45
R T1% SERS IR 10U 25 44 H AT FF FVRFAE,
A3 T RERETE 15 min P4 58 TR IR DUIBUIR BLIRE. JF
HH T AL A 4P LE T 7l 275 SERS

Acta Chim. Sinica 2015, 73, 41—46

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

FR S8 N I B B, Glass/Au/AuAg/MS JEJE AETS
T nUERf b BT AR > T B E At S rtite, I
ZAR AL Fa e MAF EMEE 1 nmol-L ™" HZKIEW
Nile blue 737 ] SERS Jtilf. IR miR #Vb s T2
H145 1) Glass/Auw/AuAg/MS FEJiE AT K THIFR TG N 2
SIPEIE H RS PO | HER . = R > M AR DU 43T 1) SERS
S, IXUER I T HAE SERS A AR HAT AR R B
M E.

4 SCIGERS
41 SERS £JEH%I%

A TAEH SERS A 25 F EAHE 4 MPIR, 7
e (D)IEBE; Q)5S 727 3 I B AT IR K
UM A% S RS 3 nm) £ BE(ERER 0, 10, 20, 30, 40
nm). &HRAEREREA 40, 50, 60, 70, 80 nm), F A
JEE SR IS A K S S E S R & SN E 715 (3)
T 4 AR, 1 2 o) s R s e (L vk
F Wy ) B 2 N n(TEOS) :© n(P123) : n(H,0) :
n(HCI) : n(EtOH)=1 : 0.014 : 15 : 0.16 : 39), Z )&, ¥
TS 4 JE W R A IR T ER NV IR, FBLEA L 3
cm/min (I EEGAS R, £ HAT R, BB
IHFE; (@) s, B 3 D1 B R AR U i
o, P REENERST 2 h FHER] 450 C, 7
450 C MHBke 240 min, F£&IT 2 h 2JEFER S| 100 C,
SR P 2 S IR NI R, SERA TAEH SERS B4
R (S E 8 FraR), Hh L A R S
B A G#3 2974 40 nm.

EN777NI NN N 77TV 1NN 777N HH
/\ "/ /\ fi
\I} I\{\/'I/_\\I\{\\,,I/_\ \’\ll\\lll". Mesoporous silica film

XA KA I=N7, Y
AuAg film

Au film

Glass slide

B 8 A TAEH& 1 Glass/Au/AuAg/MS FEJiE 45 H)7m & &].
Figure 8 Schematic diagram of the Glass/Au/AuAg/MS substrate pre-
pared in this work.
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