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Application of Au/Ag Composite Nanocages in Surface—enhanced Raman
Spectroscopy

Wang, Meng* Yan, Xin* Wei, Dequan Liang, Lanju Wang, Yueping
(College of Opto-Electronic Engineering, Zaozhuang University, Zaozhuang 277160)

Abstract Surface-enhanced Raman spectroscopy (SERS) technology, based on noble metal nanostructures as substrate, is a
highly sensitive method for the detected substance. When the surface of noble metal with special nanostructure is irradiated
by laser, the free electrons on the metal surface will be greatly oscillated. While the frequency of the incident light is close to
that of the oscillation, the surface plasmon resonance (SPR) will occur around the noble metal nanostructures material, great-
ly enhancing the local electric field intensity of the metal surface. The intensity of incident light and the scattering light will
be also multiplied. As a result, the Raman scattering signals of molecules adsorbed on the surface of noble metal nanostruc-
tures will be effectively enhanced. In this paper, the octahedral Au/Ag composite nanocages were prepared by using NaBH,
reduction-acid etching template method. The prepared octahedral Au/Ag composite nanocages are uniform in shape, with the
size of about 600 nm, and there is no residual cuprous oxide template. The Au element is uniformly distributed on the Ag
nanocages with the mass fraction about 16.8%. Compared with that of Ag nanocages, the UV-vis absorption peak of the
Au/Ag composite nanocages is red-shifted. More importantly, the synergistical action of Au and Ag element endow the
Au/Ag composite nanocages with ultra-high SERS sensitivity and reproducibility. The trace detection of R6G at an ultralow
concentration of 5X 10™'* mol/L can be attributed to the high electromagnetic field intensity generated by the surface plas-
mon resonance, which was certificated by the finite difference time domain (FDTD) simulation method. Besides, the addition
of the Au element provided the Au/Ag composite nanocages with excellent oxidation resistance and chemical stability. The
excellent SERS performance can be kept even after soaking in 1% H,O, solution for 3 h. The octahedral Au/Ag composite
nanocages are a promising SERS substrate with high sensitivity and stability.

Keywords template method; Au/Ag composite nanocages; surface plasmon resonance; Surface-enhanced Raman spectros-
copy (SERS); chemical stability
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AU & SERS 277 vE R EABMRE. bz, 7§
b N N = A A% B e T N TN 2 |
B ITIEARERE R 1 S I ORDRE FE B, SRR B R
HAFRE. EEMEMRBUER.

ERFEEIEAT, 5148 Ag Ml Au 9K 45K (1) R 56
F M AF BT HLHR(LSPR)REWS P A2 5 K (1 FiL LY, B 585y
T 255, B E )R 2 ¥ FH7E SERS k&
I ept2=2 0 55 4 18 SERS 23 Hr 0 R 855 3 SR H T g
[ “qs” ) 18 “IGR” dhrRg AR R, e RT
HA5E H bR TR0 B S 51 @, sl A
THLRS . TEOIRRBIT) Ag GIKEERIRILIL “Hi” Mk
B, 0 Wu S8 FT SR 4 Bh FL TR T VA Cu A5EAR
VIR TH T Ag GUKEES, FXH5 449 p-MBA it 74
W, BARAIIREE 9 1077 mol/L, HsRF TiAF] 10%, 48
M, Ag FIPUEAPELLESS, RO Ag AR MES
REARE, 330 SERS MHEREAFEE, THEERARmE
M H HAERI R MAINZAL. ML Ag, Au KM R
AR A AR AP E B A, Yin (AR ZH 2V F Ak 2 e
A T RS 30~60 nm B Au G9KEFI LR, I
HAR R AT R o b 2K, S T — Mg se
ORI A BT, SR, Au 9KAPREE SERS il
R R BB Ag FHZE Uk, (R 2% = RIS
Al Fa e L) SERS FE A BHAR & — ki,

A, FRATE ] NaBH, 34 J5 -8 2 s b v,
H145 7 Au WSIERAE Ag 9K E B \HR Aw/Ag &
GYIKTE. 1E 488 nm IR TR, AwAg EE99K%E
DA = (%) R RE S B2 B 6G(R6G) AR B A (S X
10" mol/L). FI FH i 385 PR 22 4315 (FDTD) R A7 A 0L 3IE
SIXEHRT Aw/Ag BEPOKIEEE T ILIRIE A =41
TR, AN, Au TR IR Au/Ag B 599K
B HA MR MPTUAE L R e v

2 HR5HE

Kl 1a J9il 1 Au/Ag B E40KTERIAHE B S AU
BR(SEM)KE, LA &9 KERST5], KANZh
600 nm, FA/\HERSMERMRBME A D% 1a$
6 ), 1% 15 B A 2 A PR IE I HB AR R T CuyO A
BRAITLIR. 833 5 7 2 AU BE (TEM) B R 2 (5 ) F
RO (K ) 2 18] (1) 58 21 B (o xof B T LARR A\ TR R A 8
s NS R (B 1b). A 1c ity TEM A] DLk — 22
HE H, Au/Ag BEGPUKERH RS 2179 20 nm FgK
WORLZEL K. B 1d o HRE S T B B (HRTEM) K
TEAEHER B, MRS IAZIEE Y 0.235 nm, 5 Ag
(0.2358 nm)F1 Au (0.2355 nm)FI(111)T ) &b k& & e T
Bi. EXHFATH(SAED)EIRR T Au/Ag BE90KGE
BA R, HIFEDLI AR (111). (200). (220)
AG1ID) AT 1d F14E E).
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B 1 AwAg EAYKTE: (a) SEM E, (b) TEM E, ()&% TEM &,
(d) HRTEM &, FE(d)H 4G Bk X o 7T 4

Figure 1 Au/Ag composite nanocages. (a) SEM image, (b) and (c)
TEM image, (d) HRTEM image, inset in (d): SAED image

T UE BRI R SR I Cu,O R 56 45 %1 ikt
Al Au JTCE BRI E] Ag 99K b, BAML T X 4t
ZATHH(XRD). X LG H T REH(XPS) FHHIE S BT
BB (STEM) IR R L X B2tk (EDX) L At it
(EDS)Zr#r. Bl 2a Al =) Ag 9IKEM Au/
Ag HAEYPKIER XRD B, 7T LAE A A Cu,0
TR ()5 BE 0 e R AR I tH I, S0k, Au/Ag B
BYPKIER XPS 5 CuO B AL SR (B 2¢ A 2d)
XFEHE— U Cu,0 bR D4 e 2200, it Au 1
Ag TTE 50 BB 3) AT LA, Au Jo RIS 4
Ag 4K b, RILnTHER, 7EE O RE S, Au st RiEd
PAT SN Db A Ag oK JE 3R L,

8Ag +BH; +2H,0—~8Ag+BO, +8H" (1)

8Au'"+3BH, +6H,0—~8Au+3B0O, +24H" (2)
H Aufl Ag BRIEFILZIN 119, Au IRE S EL N
16.8% (& 2b).

K 48 Ag 9K TR Au/Ag B A 9K TR AN AT L
SOETE . A RT LA AR Au 5, Ag 49K IERT
WOt AL R A T AR, fEE G4 H, SPR &AL H
Aw/Ag BT 80 H R Bz P, T Mie HUH #EE,
BEMR A RO R T DUBIE Au 1 Ag L2
T E I AP A
e[ X, 0 (X)]=Xe, [ X, 05 (An)H(1—X)e, [ X, 05 (Ag)] (3)
X EAMBEF Au 1 Ag KL% &,
hoog (Au)=1.9 eV Fl hog (Ag)=3.9eV 73314 Au Fl Ag
s R, BT ARE), £ Ag9KE 7 Au
JE 2 R SPRAUH LA LG I H I, 72 A A 24 B A0}
PRI SPR A .
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Figure 2 (a) XRD patterns of Ag nanocages and Au/Ag composite
nanocages, (b) EDS spectrum of Au/Ag composite nanocages, (¢) XPS
spectrum of Cu,O template, (d) XPS spectrum of Au/Ag composite
nanocages
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B3 AuwAgE &K STEM M EDX Wit 4347 . (a) STEM B,
(b) Au, (c) Ag, (d) Au fl Ag TR E A E

Figure 3 STEM and EDX mapping analysis of Au/Ag composite
nanocages. (a) STEM image, (b) Au, (c) Ag and (d) composite image of
Auand Ag
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B4 Ag HPKIER AwAg ZEPIKIERIEIMT W BOEE
Figure 4 UV-vis spectra of Ag nanocages and Au/Ag composite
nanocages
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T Ag M Ag PUKIBIRL 2 (B IR &, IRIF SRR 1 SE30
Aw/Ag B EARTET LA I H B IR (R vy REEUEE) )
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Figure 5 SERS spectra of R6G in various concentrations obtained from
the Au/Ag composite nanocages under the excitation of 488 nm, (b)
SERS spectrum of R6G (10 '° mol/L) obtained from Au/Ag composite
nanocages and Raman spectrum of solid R6G
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AACTERIb SR8 0E M, RE 96 78 S A IR B8 A i T SE (1)
SERS FEJiE, LA AL 52 Fr S i) K.
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Figure 6 FDTD simulation of electromagnetic field strength distribu-
tion: (a), (b) Ag and Ag nanoparticles, (c), (d) Au and Ag nanoparticles
(The positive direction of Y is the polarization direction of the incident
light)
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Figure 7 SERS spectra of R6G (10 '? mol/L) obtained from Au/Ag
composite nanocages (a) before and (b) after immersing into 1% H,O,
solution for 3 h, and from Ag nanocages (c) before and (d) after immers-
ing into 1% H,0, solution for 3 h
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Figure 8 Schematic illustration for the fabrication of Au/Ag composite
nanocages
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