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Iodine Assisted Fabrication of Silver @ Gold Core-Shell NPs and
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Abstract: Fabrication of silver-gold (Ag@Au) core-shell nanoparticles (NPs) is a good strategy to obtain
bi-functional NPs with both excellent Surface-enhanced Raman spectroscopy (SERS) performance and good
oxidation resistance. But until now, it is rather difficult to fabricate NPs with entire Au shell covered on Ag core.
Here Auly” was used instead of common used AuCly, and the special interaction between iodine and Ag/Au
atoms was applied to inhibit the replace reaction between Ag and Au, which would lead to structure defect, thus
Ag@Au core-shell NPs with uniform Au shell coating were obtained. The Ag@Au NPs showed good SERS
enhancement (similar to Ag NPs) and also excellent anti-oxidation performance (comparable to Au NPs). Such
NPs were successfully applied into the trace SERS detection of synthetic pigment (Rhodamine B and Acid
Blue) and pesticide paraquat in real samples, and satisfactory results were obtained.
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1.1 RFF0{LEE
A R AR (AgNOs) , S A AL (NaOH) |, fiFf

% (HNO,) , it &k A (H.0,, Ji B 50 5030% ) , — K
GAPEEIR =40, UK A 4R (HAuCL - 4H,0) , it
R4 (KD) , 3 2 2 e (NHLOH - HCL) F1 85 5228 H1 iR
(MBA) , #0245 45 A1 4k 38000 A FRA 7 5 A B
i g 30 A VD 1 3k B 40 AT BR A B BB AT B I B
A EEARA TEA AR A A 52w A il
PF A R .

A8 T VA CR L T AR T,
KQ200KDE) ; B0 WL (VLR X A5 , H-1650) 5 35 51 FL
T 135 (TEM, FEI Tecnai G20, USA) ; 37 % 41 1%
5F B, 1 58 185 (Tecnai G2 F30 S-TWIN, FEI) 3 48 4h
|l obL 4y 96 )% B 4F (UV-vis, Thermo Scientific,
USA) ; Zeta HL A7 1l 72 /X (Malvern ZEN 3690, USA ) ;
OGP 2G5 (DXR, Thermo Scientific, USA) ;
EC550 g {k 2% T /E 3% (Wuhan Gaoss Union Instru-
ment Company, China).

1.2 #H&FHE

1.2.1 Ag NPs#y#) & M4 Lee and Meisel” s il
ZE0K 100 mL ZZ 4K BT 250 mL B SRR
H LA 500 L 0.1 mol/L AgNO, 7 ¥k , hin #4243
BIA 2 mL 5T 6 53 500 1 % (AT R IR =40 i 4 L 4k &5
KR h, REEE R A

1.2.2 AuNPs##14& ¥ 100 mLZEMR/KE T 250 mL
PRI, A 2 mL A9 5T 3 43 30 1% 79 HAuCL
VS W, TR R D Bk 0 25 A R BB, A 2 mL
JER AT BUN 1% B FFAEETR — 4N, 4k S IV 1 h, 18 4]
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1.2.3 Ag@Au NPs #9#1 &  7F 5.52 mL /K PR K
HIA 400 wL# 25 x 10~ mol/L i) HAuCLIAH 480 wL
0.1 mol/L 1Y) NaOH ¥ F12.5 mL 11 20 x 10~ mol/L
() KLV W, B B 1. 15 1.25 x 107 mol/L i) Aul, 4%
OB U W R 2.5 6%, 15 3 0.5 x 107 mol/L 1)
Aul, ™ B 25 5 WM. U A5 B9 Ag NPs 10 mL T
50 mLHEJEI , #6 B —1% )5, INA 2 mL 4 x107 mol/L
NaOH, #8755 pH &y 9.5 Z& 47 5 ] F v 52 18 i fin 55 4
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Fig. 1 Cyclic voltammetric curves of (a) AgNOs,
(b) HAuCliand (¢) HAuL
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Fig. 2 (a) UV-vis spectra of Ag@Au NPs obtained at
different mole ratios of Ag/Au; (b) UV-vis spectra of Ag NPs,
Au NPs and Ag@Au NPs
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Fig. 3 SERS enhance ability of Ag@Au NPs obtained at
different mole ratios of Cy,/C..(MBA was used as probe)
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Fig. 4 (a) TEM, (b) HR-TEM images and
(¢), (d) EDX characterization of Ag@Au NPs
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JE AR A AR (Ao-A) 590 b5 WO FE 1 OB 17 L 3K,
Y25 AN Sh TR, Y AR EE R LR Wi K E
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Fig. 5 (a) Long term anti-oxidation performance of Ag NPs,
Au NPs and Ag@Au NPs; (b) The anti-oxidation performance
of the Ag@Au NPs when placing in solution including H,0,

BT

N TR e JBE () BUBR 21 B R A8 5 A0 2 0 3 i E
6(a) 11 6(c) . PIBCBRLL BAE 1 508 cm™ 2L HY
P W A Ay S 0 BT UG, BT LA R BB AT B (W Uk
FEAE 1x10° mol/L~ 2x10™ mol/L J& B N , ik F 5
1% W SERS i EEAATE RAF AR PE R [ Bl 6(a) K
K 6(b) ], BR AT K 2 0.2x107 mol/L. L5 i 7E
1 617 em™ Kb A7 2 0 Sy o o 43 A7 U6, 58 W VR BETE
1.0x 10 mol/L~1.5x 10" mol/L J& il N , ¥ J& 5 SERS
9 EEAATE RAFI MG R [ 6(c) LK 6(d) ], K
H RN AR 2 1.0x107 mol/L.

kT 2 5% 7 16 S PR AR A I BE T, 1
BT ol 65 B AR OB R AT T SE R S A 2
G HE X PR R k. E — 25 X AR R AT AR R
ST 45 RO 1, Hodh B AT B Y AR [l i Ry
86.3% ~108.4% , 5% Wi 19 I A 1] e 3k 81.4% ~
94.2%. X YL ZE L Ag@Au NPs 1] X & pl (2 K iF
11 355 ARG T
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Fig. 6 (a) SERS spectra of Rhodamine B in the concentration range from 2x107 mol/L to 2x107 mol/L; (b) a linear correlation

in the range of 1x10™° mol/L— 2x10™ mol/L between the intensity and the concentration of Rhodamine B at 1 508 cm™; (c¢) SERS

spectra of Brilliant Blue in the concentration range from 1.5x10° mol/L to 3x10™ mol/L; (d) a linear correlation in the range of

1.0x10° mol/L-1.5x107* mol/L between the intensity and the concentration of Acid Blue at 1 617cm™

F1 BAWBERHIERTBIEERNMEREKEELER

Tab. 1 Recovery experiment results of Rhodamine B and Acid Blue in rum drink

i H bR (ALY J5oS [a] g AFX A v i 2
item added / (10 mol/L) found / (107 mol/L.) recovery / % RSD / %
0.00 n.d. - -
5.00 4.32 86.3 8.9
BB
12.50 13.55 108.4 3.9
25.00 26.65 106.6 54
0.00 n.d. - -
6.25 5.09 81.4 10.6
A
12.50 10.94 87.5 5.1
25.00 26.05 94.2 6.2

2.7 Ag@Au NPs A FRHGBEMMNE

TR A (PQ ) i — ol o 28 AR 42 fnh M ) 2 e 2R 26
B0, B — 5 1 N IR A B o i 5 i T O
Rz A IR R C 8T T AR H AR

M i R . SR, 5 R R ORI AR L, TR
X N B2 A TR, T e Bk AR O R i 5 R
X i 6 7 A i PR DR A 5 H o A B G 5 A
W2, BRI BB i T HAEK
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Fig. 6 (a) SERS spectra of different concentrations of paraquat; (b) Plot of the intensity at 1 657 ¢cm™ with respect to the
concentration of paraquat; (¢ and d) the standard curve for paraquat detection in low and high concentration range
(1x10°° mol/L-2x10"* mol/L and 2x107° mol/L-1x10" mol/L)

R2 NEMMDLENPIEERMFIRER

Tab.2 Recovery experiment results of paraquat in wheat starch and potato starch samples

FE i I e i A6 1 e J3E M R b A i 22
sample added / (10°° mol/L) found / (10 mol/L) recovery / % RSD / %
0.100 0.116 115.8 21.9
/N Ky 0.500 0.483 96.5 13.1
2.500 2.663 106.5 4.4
0.100 0.084 84.2 143
LN 0.500 0.448 89.5 3.4

2.500 2.790 111.6 9.1
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