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Au-Ag SEHARNFHFRERT

BRI S IR R

I A, WA, B2
(T2l T 2B, F5H 215006)

WE HORMTERMNERE Au-Ag GEWRFF, K5 R BB A RKEE IR R AL Au-Ag &
SYURRF. 7RI UV-Vis i P WSS — 07 T4 RAR N 4 2 M 3 B F IR SR PR 1G , 60 Au-Ag 4
YRR FERIL M. TEM FRERY, SE90K0 T KRR 60 nm, HFAY—, WA W B HZEEEM.
FAZR G (TP) VERRE 4 TR T B 900 F R RIS P26k (SERS). 455 %M, SERS ME 5 E&
SYUKRKLF AR AT A OC. YPORRLFRAZR—E N, B Au,s Ag,s Sb, BEE & 098N SERS 58 FE 1S54,
Auy Agos IRIAZ L Ag /1N, 3 SERS #R I H Ag fIE. Augy Agsy Ml Aus Ag, A TP 23 FJ5 , HERE 5 Au M
), S TR RIEZHIEEIT 1 064 nm, &5 EHEN, TP A9 SERS 0T BHE AR % 8 TR LR B3R Y 57
k.

KA Au-Ag SEHUOKRT; REIRN SO0, Reil

FESEE  0657.3 XREFRIREY A XEHMS  0251-0790(2006)08-1518-04

UG SR YRR HLAE L2 | A R 855 T s A6 I P I o | AT AR RO, W4 w4l ok
BTG SR, Hh 7k OBy AR, IR A R T a2k
KT £ B I SERS BFFE AURIE 2, I A% e 40 AR 18R 4 J 40 Ak 140 LU EA FR3K Y SERS 2L
N, AR HTRLAY SERS JLJRE. 1A 4 8 Kok 1 1 il £ 5 R RO 1 B 4 B o i A b, Rl
Kim 2504058 52 B 25 46 £T 40 (FTIR ) YEREFT SERS YGREWFSE T Au-Ag 24 9K KL F i E B 25 LA K% 32
THALRL, FIMrG ek FREH Ag 5§ 3% A8 % R NaBH, B 7155 10 nm LT #Y Au-Ag 6 494
ki T, SRR NS SR 20 nm ZEA KT T SERS H YRR T I R ST S 0k ek K B
AR R, WAL, T5EA Ag DR P . A TIRARFI Au-Ag & & 90K6FHY
SERS, &8 KR 43002, {0 2 A1 4 DL SCHR R IE .

ASCH SE VIR RR B[R] B 38 . HAUCL, Fl1 AgNO, B9 77 IRl A TR BE JR FL Y Au-Ag & & KR T,
SR 38 A 55 )34 SR R R AR e Aok A= . R 28 4h- AT L35 (UV-Vis) & 5 L+ 5 3458 (TEM)
XPHHEATRAE. DORBRE IERET 431, BT T X S GRKE -1 SERS T P S B i AL
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1.1 KFEN=E

AL, WEIRAR | AR | RN R By 2 B P Al KO = IR R K.

Hitachi 2810 2£4h-1] WOEGIEAY (Hitachi A F], HZA) ; Hitachi H-600 %37 5t i 7 W {38 ( Hitachi 22
7], HZA); Nicolet FT-Raman 960 BIYGiEAY, YeiE 3R 4 em ™, AWK 1 064 nm( Nicolet 2%
A, KA.
1.2 #RBFRIS &

KR BERR B3 JF 12 70 A 2 S HPRiAR 298 50 nm 8944 KK 10 1 70 nm ARG KR T

Wik H 9. 2005-08-24.
HAWH . ERARRAI 4 (S . 20573076,20373046 ) YEB).
BER AR BY-H(1940 45 ) | B, #obz, WA S0, FENFOEERAFAF5E. E-mail: ragu@ suda. edu. cn



No. 8 I MF. AvAg S RETHEAL AT RE T RIETR 1519

Au-Ag BEHKRFPF 164 . % HACL A AgNO, TR AV 0 S BEECH 0.3 mmol/L, Hirp
0, (BEMEEIR A1) 435120 0. 25, 0.5 F10. 75, BHEABOMMEBRIE IS, IIA 1 mL 82500 1% fr
BN, (ARG 1 h R PR =R,

Au-Ag B BYUKR AR . FERFIE I A —E 5/ 20 mmol/L NH,O0H - HCI 120 mmol/
L NaOH, #PE21 52 A HAuCL, A1 AgNO,IRA, THIRIERE 1 h BIRT. AR+ 5 4 Jm Eh A B8
IREE (/M s FEHY n g B A0 P B0 4 8 40 5 ) B ()AL, e PR A B P 4 S R 0 T 1)
HREM, HpSEM G546 &M PR ais—20 , DGR A KRE,
1.3 SERS H&HH &

K ED A B TTIEENT Au-Ag B SR B & I REHEA T 46, ARVE IS R FH R VR BE. 19] 1 mL DA
FEBHIAS wL 1 mmol/L /) TP ZEEH W, FAMRA, $HE 3 h G Thr 2 k.

2 FER5TE

2.1 Au-Ag EE&YKHFH TEM FRIE

FAERRANIA BRASEIA Au A1 Ag SF3ARiA2 43 5120 50 F170 nm, Au BPRIARS R 344], 1 Ag RORIAR Y
AL FECTE (TEM BURZ ). BT (A), (B) FI(C) AR npy Ry = 13 300 Auyg Agys Al Augy Agy
Mgt My = 1:3.5 B Aug Ag, B TEM &, Hi Auy, Ag,s Fll Aug, Agy, BFEYTRIAZEI R 63 nm, Au,,Ag,, Y
SERPRIAE R 61 nm. BEAR, TEM B H i KAr Y BH IS FE 2 S e 1 okr 7 10 235 B, SR R A% e 4
A ) 0 B 0 TR A AR R 52 . BT 1 IR vh R €035 — ol L T BB s oy kg £ 4
MR TS5 H. 3X 3 B RST 3 AHIE A A B 4K AT AR A LA 55 H: SERS 24007 14 3R BL S
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Fig.1 TEM images of Au-Ag alloy nanoparticles
(A) AuysAgrs; (B) AusyAgsys (C) AugsAgys.

2.2 Au-Ag EEHKKFR UV-Vis Kif

K2 MERIER Au-Ag & & 990Kk, 1.2 E 540 [
Ag Hl Au KR T 20— 45 B9 UV-Vis 3% 1.0k a b c dce :Eigg /
K. Ag W RIS T 442 nm, Au fii T 5 0.2 _q:ﬁ 1.0
539 nm, Au,sAg,s, AugAgy, Fl Au,; Ag,s 734 ‘“E o8 o
16469, 493 1527 nm Qb B— . B4R, 5 0.6
BORRFTA RIS, AusAgs, 2 o,
Aug Agy, Tl Ay Agyy &R FIFRIBIAO AL 55
Wk 435, 466 Fl 498 nm (& 2 I H). 02
HEE B 15 2 A 900 M £ L T
B, ATLURIL, KA A K5 45 4 9 oKk A/nm
TR R AR, Ag Fil Au 49K+ Fig.2 UV-Vis spectra of Au-Ag alloy nanoparticles
FAPA ) B L A8 1 R e R IR A I £ R 1Y B . Ag; b AusAgysse. AugAgsys d. AugAgyss e Au. Inset,
%. Pillai & 2 y 5SS R HY 15 ~20 nm positions of surface plasmon bands plotted with respect to the

E(J A g *ﬁ%/ﬂ\:% jtl]ﬁ LI&[[I%% ,fj:J:. 400 nm, ﬁ*% molar fractions of Au atoms in bimetallic nanoparticles.
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Ik

TR YA JFAS B FIRIAE A 40 ~60 nm A Ag K77 F 420 nm; Brown ST IE T A BRENA AT 21 nm x
19 nm B9 Au #BRBL T RIS IS T 524 nm, 48 nm x 37 nm AR 707 T 535 nm. Be4h, KR/ T
5 nm BIEHRA EAKKTF Augy Agy, BAFEX—IHG),

Au-Ag B AR T 7E 4 AR 22 18] L B — AN A G S5 BB & 0 9 RORL T A% 576 45 48 LA B 79 e
KAV G Y58 AR SRR T AR T Aug, Agy, 7 400 1 522 nm AbJ735iAT — NI, HHLAY LA
ARSI MAYAE 400 nm Ab HBRAR AOMRSCIE . S AR VA IR HLAIR & J5 402 400 AT 521 nm Ak H BLFT4~IK
Wi 5348, it NaBH, B RS RN AY Au-Ag A 4 KR T AR I X RO B — AN D X e
RIS e (I AR AR 3 — 2 B2k (TR 2 i) . T4 AV I A R BT A 4830, W [R] s o S st
WG T LA A 2k, DT 2 11 4 B IR ek L L& fR Z ], 9F BWR 5 S M0 ER LA
K, LA Au-Ag GHARLF 5 50-RT WOGTE HAT — e KIS s il LU e AT G e 454
2.3 TP 7 Au-Ag EEMAKNFREH SERS #HR

& 3 R TP 16 A A 4L A 90 KR R T AY SERS 3% /&, I 3 A LA B, BR Au,s Ag,soh, HA%
Au-Ag B AR T A SERS 5 SBEH «,, B KM 2 HiHE 5.

R T e i B R 2H SR 2B AR T AZ ARSI, W RMAE 2 G KORL 1Y TP 7 H I8 57 85 RT3 048 () AFDGT 5 B2 |
JLTFBA A, DX o, JREIBERAE 999, 1022, 1 069 Fl 1 572 em ™' AMG RS RIS, Hy g Al LA
TP 754594 AL T2 10 A W BRHARE CAH ], 1 A SERS 2000 9 AN [R5 TP (5 W B B A e o6, HR R Al fig 5
YR B AL K.
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Fig.3 SERS of TP on different nanoparticles
a. Ags b AgzsAuyss e AgspAusy;

Fig.4 The molar fraction dependent profile of the plasmon
absorption maximum of alloy nanoparticles(a) and
d. AgosAugs; e Au. integral intensity of band at 1 572 cm ™' (b)

T B A 4R SERS AFFE T, AMTABAE R A 488. 0 #1514, 5 nm 4b, Y34 /58 SERS
U MR 647 1 nm 4b, & FIERAY SERS (5 SR AR A S F 5 W ES" . XT4eR
W RETIF , H SERS TEHEIE THREN 3 o R A AKRL T I R4, IXFh IR S5 PRy RAEIR. BRI
AR AT H BEAE 500 ~ 600 nm; A IR T 700 ~900 nm , A [F) Y MR35 SR AR A I A 37
BRI, SERS HO4FES TR, U P 15 45 B PR M4 064 14 K A 2 0 1) e 7 A
KA SERS 3§38, 7ELL TP A HRET 70T RIAKR TR0, 1 064 nm b BB RN 94 KA T 1 SERS
HESRAON, EAR AR 5. X R R 1 064 nm 5T T4 9Kk T SRR Y 45 5 T IR SE R g, DA
1572 em ™ AT R RS SRBEXS « MR (1 4) |, 153 —J HER, JF HiZ S 550- AT WA K i e Xof
x JERR R LRI R—8 L, 16 Au-Ag AEYUKRR T, HE S &R nE e HER
TRV R A LIH. SINA—ERIY TP 5, G0KR 7 I IR | REMASE & AR IE 107 78
WRAEAT A PR SEAR , R A A 4R 1 064 nm , MTTH B SERS 55 5B AT, AuysAg,s
TG Ag ML, PIETE 1 064 nm Ab Y5 B F (R ILIRIG SR IGAR TS, (ELnd iy T RS &0, )
SERS {55 Ag 5T Au,sAg,,.

TP 75 Au-Ag &4 GKRLT 1 1) SERS WFFE AT LUK I, B AY S8 I 45 44 Kok 7~ SR AR A1 55 2
TAIEYRIEZ WL ES 1 064 nm, SERS {5555 32 K 25 88 5~ PRI R0 S sl 55 i s 5. IR RS 015 DR O SR 4R
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JERIANIR], AT RES DA KORL T IR ZS LA L A% ol < s RO B 203~ Z 18] B4 T AN TRl O, it — 2B B BIFSE
TAEIEAEBEAT AR,

3 4

MAKIG Au-Ag B 49K F A9 UV-Vis G TEM 0] LUF i, 7E4L e MT#R e & 4 45 4.
TEM Z5REW] @ KA LA 60 nm 245 105 & 9RRF. 76 1 064 nm ALK T TP fE4: &
R ARLT L SERS SO 3 TR, 55 T4, X5 Au-Ag A4 RS AR R R T R AR H
VLR S B A R O R AR G
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Preparation and Surface Enhanced Raman Spectroscopic
Studies on Au-Ag Alloy Nanoparticles

WANG Mei, YAO Jian-Lin, GU Ren-Ao”
( Department of Chemisiry, Suzhou University , Suzhou 215006, China)

Abstract Au-Ag alloy nanoparticles with different molar ratios were prepared by using sodium citrate as the
reducer, and the size was increased via the NH,OH - HCl-growth method. One plasmon band between that of
monometallic Ag and Au observed in their UV-Vis spectra indicated the formation of Au-Ag alloy nanoparti-
cles. TEM results showed diameters about 60 nm and homogeneous color of the alloy nanoparticles without
clear core-shell contrast. By using thiophenol as the probe molecules, SERS studies were performed. The re-
sults indicated the SERS effect was dependent on the composition and size of the alloy nanoparticles. At the
certain sizes of nanoparticles, the SERS intensities were increased gradually with the increase of gold content
except Au,sAg,s. As Au,sAg,s were smaller than Ag, the size effect made the SERS intensity of Au,sAg,s low-
er. While aggregating way of Au,yAgy, and Au,, Ag, after adding TP molecules were gradually close to Au,
and the surface plasma resonance of aggregates approached to 1 064 nm, so SERS of TP at higher Au content
was controlled by surface plasma resonance enhancement of aggregates.
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