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Preparation and SERS Properties of 3D Ordered Gold Nanoshells Arrays
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Abstract: The controllable preparation of three-dimensional ordered gold nano-shells (GNSs) structure was
carried out by SiO, colloidal crystal as template and H,0, as reducing agent in situ growth of gold seed, and then
surface enhanced Raman spectroscopy (SERS) properties were studied in the growth process. The experimental
results show that the controllable batch preparation of three-dimensional ordered GNSs array can be achieved by
controlling the reaction time, reaction temperature, reducing agent H,0, and the quantity of growth liquid K,COs-
HAuCl,, and the hollow ordered GNSs structure is obtained by removing the SiO, core. Through the study of its
SERS properties, it is found that the SiO, surface is completely covered by Au with rough structure showing the
best SERS performance, and the corresponding hollow ordered GNSs structure shows superior SERS activity.
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Fig.1  Schematic illustration of the fabrication for GNSs array and porous nanostructure
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Fig.2 SEM images of the samples: (A)SiO/GNPs array
with core of 330 nm; (B) GNSs array produced by
using SiO/GNPs array with core of 330 nm upon
reaction with 100 wmol -L™" (B), 250 pmol - L™
(C) H,0,, and SiO,/GNPs array with core of 180
nm upon reaction with 200 pwmol - L™ H,0, (D)
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Fig.3 SEM images of GNSs array produced by using 200
pmol - L™ H,0,, 120 mL K,CO:-HAuCl, upon
reaction with 5 (A), 4 (B), 3 (C) tablets of SiO,/
GNPs arrays with core of 180 nm and 4 tablets of
Si0/GNPs arrays with core of 330 nm (D)
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Fig.4 SEM images of GNSs array with core of 330 nm

(A), porous gold nanostructure of obverse side

(B), reverse side (C) and two sides (D)
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Fig.6 (A) UV-Vis absorption spectra of the GNSs array growth process under a series of H,0, concentration;
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B) Corresponding absorption peak displacement (black) and absorption peak intensity (red)
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iR K& B AL SERS TG A AE AR, Horh s 2
P T REM S WO EA TR R T2
52 2Z B SERS W6HE 1 R b 23 2548 B 5
BER T MORRY L R TR B BN T 2 1Y B 2 IR
¥, Bl SERS WE MG B R AR, (3) NEFRIN
¥ g s pF R BT R (B 4C), R Au 19 5
8 080/ kN T A ARk T 2 18] B SERS 6 1, H.
MRHLBREL R | 5E 55 Z (B 1% SERS 17 14 98 55 [5] B
R Au BB 3 UM/ T NBA 7E B R
) TR B2 o, T O R AR 2R B IR AT B | B o
RO H L, R ARSI E HE SERS I M
HEARES FA T GNSs F51,

LR R | Si0, NAZ R 180 1 330 nm AYAT
J¥ GNSs KA BHES R t FAE R 25 5L B SERS &
PENIY A7 . A5 7 Hh 25 GNSs FES1 IE T >GNSs FF 51> 2
2 AL45H , WRE 8A B ik &, Si0, NI R/
BUEXT SERS T PE 152 AN B g BRGS0k
#&F SERS 3 M i R/ B HE T DL W 71—
JERTRE R B S5 AL F T A TE 35 R | 3 AR
Bt SERS T PR AR ; — 2 A0k E F MR L 3R E R
K, WIS 5E T2 SERS W& g,
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VR 5 T A A5 B R I 38 5 T 4 RHE SERS T4

Ry B IR S A Y A5 GNSs [ 81 1Y SERS
M PR AR Si0, WA 1T GNSs %1 5 iz
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P56 T[] — R AE U 19 58 3 5 Cs T s 23 ARG 3R
T BN R EE BT I E S IO K K
e WOt RER XSS %, HHEEH
NBA mH1 2 84140 F, #EHE Cp=0.01 mol -L~"
Cors=0.1 pmol - L7 N XTI ) 592 em™ &b (A FFAIE 15 5%
FE R OB R AT 5 ORI I 5 B2 T 4 1 203
counts , Igzs WA 8 Fi7n, 115G XN AEF {578 5%
1

%* 1 I[E SERS EJ/EH AEF
Table 1 AEF calculated for different SERS substrates

SERS Substrate Core size / nm Isers / counts AEF
GNSs array 180 92 885 7.72x10°
330 130 206 1.08x10’
Hollow GNSs array (reverse) 180 37 038 3.08x10°
330 39 755 3.31x10°
Hollow GNSs array (obverse) 180 219 565 1.82x107
330 239 048 1.99x107
3 & it R JE 9 25 4 07 GNSs 45 # % HIE AE 7 1

K& AR, Y H0, VIRJEHR], &5
HAuCL, 1 Au JLERTE Si0, Fe 1A i (A A Al 2% 1T il 25
=AY GNSs BEF1 DLt SERS JE IR AF5Y
T HA KSR SERS i MR R AR 45 SRR il it
P S N IE) s R R  3R JR) H,0, MR KO
K,CO;-HAuCl, i 55 S50 S0 =4 A JF GNSs [
G B AT I A I T AR T 2 25 BR Si0, N AR
B2 A P GNSs 450, WF5T & B0, #4BHAY SERS 7
g5 HA 2R K R IE S VIM G, H LB Sio,

SERS P , I 4 Iy ok f 26 5, 1 6 7
T A B EE BN TF GNSs MRS R 3
17 6 T A B AF G SERS S I T £ %4
Wi REATHT A A BT 4 i
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