Vol. 30 BHEFEALFEFIR No.7
2009 4F7 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 1397 ~ 1401

K FENR AuiZ@Pd TESHWAKKFRERA

FTRF, ETFE, E A
(R ERWRIT, B 650106)

HE  1F PEG-NEIABIARZR T, RALISEREIHAE Au( 1), Pd( I1) B FIREWFLL Au TR 50
HAR ST PA( D) (EHDGURRTE Au SFRT EIXPA T, ST Au @ Pd B G90KRF. @ 8
Au( D) B 5% Au S4B PA( 1) B5F R BER LR B SR 19 RST R Pd S2JR B, 7 il 3k18 T AR
5.6 ~4.6 nm F14.6 ~6.2 nm ME SR, FIH UV-Vis WIOERE . TEM . HR-TEM FI XPS £ RMF F B, EW
T E BB T - R A S5, TR T Au@ Pd 90Kk BLARREZE W Au( I) /Pd( I ) BE/R HE IR
MR R LA ; X Au #15] Pd 5294 R 0 FH LA R DAL AT LA T T 1.

KA AuZ@Pd 58; HEAYUKEH; SLib = RIE; d BT

FESES 0644. 14 XEARIRE A XEHS  0251-0790(2009)07-1397-05

PTAER, A SRR TR 2 | s R AR T S5 sl vh ELAA ) 12 10 1oL i 35 17 4 32 %
T N, Au Bi@ Pd FEE A YRR T SERS WL T4 E Pd AR SRS HXFT 13-
K50 R 4= RO AR I USRI R T R EE TR A ) Au, P KBTI, Lee 251
W5 T ARG BURAR A 7 nm 1) Au@ Pd KK X0 H R B AL B AL B9 16 PR 2 BT €O PERE, A H:
FE B HE F R OB L ( DFAFCs ) F ELAT 1 FH BT 5%, Au 7@ Pd 525 4 90 KR T 14 11 48 7 v Ak 2R 7
WRJEE SRR ARkt PRI A Rk N A FRATTR A AN R eIl R X ERTE | R
(4 Au Fl Pd QKA TS LK Au @ Ag FE B AAAOKRFLF > AT T4 A, R i 205 R BH %41
FREHE A CIR A SR A AR 20 (LB AR RS B Au@ Pd 52 A 4K 14 R WL SCRiRRGE .

ASCHEH T —Fob b2 G i Au @ Pd 52 B G AUKRLF BB . BE T PEG-INEIA WA &
H L 300 nm 2RAME S RIA R Au( 1) 5 Pd( 1) B FIRAY (A ) 803 DL Au RN, K50 E
SHATE Pd( 1) 85 F A LUTRAE Au SRR L (SRR A L) XA 775, UV-Vis OGS . TEM
HR-TEM Fll XPS BYRAFLERLI, PR 7 i RE IR RT3 4) | B4 HUA Au @ Pd 72 B A 48 Kk
+, T HEAS SR Au( 1) 3% Au @RS Pd (D) BYEE IR LB A SR 15 &2 G R+ 1 RS Rl Pd 722
B LR A R E A GKR T AR N 5.6 ~4. 6 nm, T S AE KRS BAINH 4.6 ~6.2 nm.
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HAuCl, Fl PACL, f1 il 4 Ja il 45, B 2 2 (PEG400, fk2240) FIPSER (43 Hral) 24 Ktk
SR — T KO ZREEIRK.

Lambda 900 UV/VIS/NIR Y&, Phi5500 %I X &kt FReik(P. E AF ), H-800 i%& 5 H 453
(HASrATE]), UVB %4MEJH (300 nm, ULTRA-LUM A #]).
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KALF-2: TEM KA AR 2518 4.2 F15.7 nm.

1.2.2 Au@Pd 45Kk 784wk AR, 7850 mL &5 A 1 mL PEG400 | 1 mL PSERAIA
[ EE /R LY HAuCL, A1 PACL, {RA Y (Au, Pd BEERiE A 1.22 x 10 77 mol, HEEIR LA 4:1, 1:1,
1:4), DIKERIGIRS. SRIGEEEE AA T LA 300 nm P BRIMDEIRES, B0 6E il
AT, R RN C 454,

Au fEFVAER . RO TN —& & LRl & AR Au BiF1ESFN, FIA PACL, ¥ W6
Fe#) 50 mL(Au, Pd BEEIREEN 1.22 x 10 7 mol, HEE/REEAA0 R 4:1, 1:1, 1:4) | IR2)GE# Lk 54
SHMEST, HBEDEIbE RN e AR 1.

1.2.3 # & TEM #1 XPS RAE  7ERRFEL 36 104 X _E 3% i L sk A M RS ROt E = BE R E T, R
JEAEBRAE LR 200 kV A4 FAE2] TEM EIZR, %t ZE /D 200 AR F 2788 FH B 4008 1 10 P24 &
. O AR b TR s FH T XPS S5
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W ISERE LI T CA) BB, T 4 S e A i S FLIR A i Boe i DL 1(C) . AR, IR 5K
A Au-Pd A RF HOEIEE A LI EA B Au 0] Pd S RRHE s 5 2 U2 B A&
PR, T LAHED , 7S A E A9k, B Au: Pd BEJR FEAYRRAG, Au JFF A2 HHZ W 8% Pd J&
T, B Au@ Pd 590K E5H. 5 Au: Pd BEJR L1 10, ZER AR SPR SO Au 1)
SAEM ST IR T84T 2, PR Pd 72 LR Pd X Au A% A58 %L, 3% 5 3CHk[ 8 ~ 10 | HRIB A 45
—.
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Fig.1 UYV-Vis spectra of Au-Pd bimetallic particles: simultaneous reduction( A) ; Au seeding growth(B) ;
single Au and Pd naoparticles and their mixture( C)
n(Au):n(Pd); —e—1:0; —m—4:1; —@—1:1; —a—1:4; —v—0:1.
2.2 XPS &#f
KM XPS S B AR F 4. 3R 1 A A3 SRS AP A R 7 XS U Au-Pd R 53 B
gEIRTTE Y, P A AR LR TR Z 45 Au: Pd AYEE IR HEa /N T & I A B A9 Au (D) -
PAd( 1) BEIRIE. BAR, EERFRIZEMPA RS Pd 51708, XUEITE AR T2 Au@ Pd #%5¢
AkEhH, 5ICHR[ 14 ] K iR UV-Vis BOROETE B9 MRS, AL

Table 1 ~ XPS analysis of Au-Pd composite composition and Pd,, , binding energy*

n(Au):n(Pd) 4:1* 1:1° 1:4° 4:1¢ 1:1°¢ 1:4¢
Au atom ratio on the surface( % ) 67.4 32.1 6.6 64.8 33.5 4.2
Pd atom ratio on the surface( % ) 32.6 67.9 93.4 35.2 66. 5 95.8
Pds,,,, Binding energy/eV 333.84 334.59 334. 64 333.58 333.91 334.55
AE,/eV -1.26 -0.51 -0.46 -1.52 -1.19 -0.55

a. Ey(Pdy,,,) =335.10 eV, Synthetic approach: b. simultaneous reduction; ¢. Au seeding growth.
HRE AT XPS REREIET LA MEAL & A B, P, LT IE I8 B A XTI 0 (161 2) . SHnfEqL Ay e
UKL, (T 334 eV BREGIAE LT PA(Pd,, , 335.1 eV) ; 76 336 eV B A7 40 fL R 25 11
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HHTFHBEHKR, @’f%" AuJET5 Pd BT Fig.2 XPS spectra of Pd,, of Au-Pd composite particles
1 d HLF 2 A s/, AR F Au i obtained by Au seeding growth approach
5 pd JEFAHEAE NI SRR R [ n(Au)in(Pd) = 1:1.

B Au LM (X =2.4) KRF Pd AY(X =2.2), I Au 9 5d FEFH5 A Pd 1) 4d BUIE 13 Pd 47
FRAT R, FEOT NSE)E TR BRI R, SN2 T4 A ReN, 78 XPS 3% L g
HREARSRAI AL XA Au 1) Pd ST RIEE FE B A BUb M E R ZE Pd B 4 TR, B

Au@ Pd BFeE AWK T = A A AL TG PR Y F SR 2

AR, 7€ Aut P BER HOAR (RIS SR A AR AR 0L BT 345 B RE i, Pd A 25 B RE DSL/IN I BL A TRk
FIER(FE L), SEE1(A) 5(B)TE, 76 Au: Pd BE/R FUAHFEI RO SE T, 7ER A0 M A K4 iy
BiF 1) UV-Vis WIBOERET, Au JCE BYRFIEIG Eb R 608 IRk T 4R A5 (R 745 S B I8 ( Au: Pd BEJR L
R4 15 101 X AR ISR AT R R O A A K A iU Au@ Pd KT Au IWAZXTAMZE Pd 52
) FEL R A FH B 5 B
2.3 TEM RI1E

16 Bk Auz Pd BE/RFLASET, PIRh 5 RARAEA) Au@ Pd KT8 TEM YR WK 3. & 3 fTLLAEH,
PAZERE Au@ Pd K735 S altkds, P ERZESHTES. 6 ~4.6 F1 4.6 ~6.2 nm Z[i]. Hr
& 3(B) H A & HRTEM IZH%% FEZ15 nm (IR Au@ Pd B ERTH, SA&AR80EMTT I, AR
BRAFRYOK . HH T Au, Pd PIFN &8 A% & BUHIE 252 A BB a4, PRI AR ME L 22 5]
T8 BT 179 4 AR A ik
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Fig.3 TEM images of Au@Pd composite nanoparticles
(A)—(C) size(simultaneous reduction) ; 5.6, 5.0 and 4. 6 nm; (D)—(F) size( Au seeding growth) ; 4.6, 5.8 and 6.2 nm.

HARERA R, R ERIES A Au@ Pd R T B BLARBEE AR Pd (D) fin A 2 B3 i i 384 Jin
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A, r 8 Au L EAR(0. 146 nm) |, rp N P IS E2E42(0. 137 nm) , o MRTH Au BT LA, n
R T A SRR A, W 74% SATRLD ST T RBUR BE (Au, Pd SRR LGS 7 4) 24

TESZE R | RN 43 R JBE JR H 20918 50 mL F 1. 22 x 10 ~° mol I, 20 A% 8% 5k 1 40 &

)4 a8 R S R R
N =1.22x107 x6.02 x 10°/n (3)
Kb, NABAZE, n b P TS SRR RS RIIAK 2.

RAEAE Au( 1), Pd( )RS PER S Aa( D) PLoedt bzl iz M LR A 45 R T HEl, T
DMELAJEAER, PAC 1) S et 805w b Sz g 53, T E &R F NI S 4R R 148
Wb T Pd AR R L Au B9/, BTLAHEE Au@ Pd AEF B RSTBE Au AT PdEEZR HE A6/ 1
/NI A

Table 2 Theoretical calculation for the nucleation number

n(Au):n(Pd) Particle size/nm(TEM) n N
4:1 5.6 5408 1.36 x 107
1:1 5.0 4069 1.81 x 10°
1:4 4.6 3360 2.19 x 107

2.4 Z-TEAEHHEBIIE

B G U A AR F LB 535 2. X T A AE R IR, 78 PEG-INEIA R Au FaFP Y
A RPLBEC AT S, 76 Au MFEER T, BT Eh e s ompr R IIE R
BLLCAHRE EY g 1) e FTHLAL 5175 22 PA( D) B 75 mUAZ U LRAR/ N, i Au EALIEJRTE Au fFh
i FIE Au @ Pd e -S4 LRER. R, Au(lD), PAd( D) B TRGWRDEI A ILE
T AuCl;, BAE SB[ E°(AuCl, /Au) = +1.0 V, E°(PACL2™/Pd) = +0.6 V], Au(Il)
FEIGIE JE S AT A A KRG T, TR Y PA( D) B 7 AR JFTE Au ZRRL TR 11
b, TR Au @ Pd 722 A 40K E5H.

3 F

(1) 7€ PEG-INEAAEZ T, Seib b5 Au( ), Pd( 1) B FIRAWEAE Pd( 1) 7E7E R Y Au S
AR ARE ]G RS2 LR Au@ Pd 72 E G 90KkF. it A Au () 3% Au(0) X
PA( 1) BT EE SR L BERS VA5 & Ak F R R T Pd 22 GRS, SRR 00 F B G I 5 0 5.6 ~4. 6
4.6~6.2 nm; (2) Au fifEKES N Au@ Pd B BRI E R T Au dafiki#, BBEG W
PA( D) fin AR A3 R A M, FLRJEIE LAY Au@ Pd AF AR RE Pd( I1) Jin A (936 K/
X— R AR R A1 B A% ST 25 AR R B TS B TR RS (3) MR T Au@ Pd 44 KKFH Au #%
] Pd 52 AL FAEHIFFHE TORbA B Au @ Pd 725 A 90K T S B HLEE.
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Photochemical Synthesis and Characterization of Gold @ Palladium
Core-Shell Composite Nanoparticles

DONG Ying-Nan, DONG Shou-An*, TANG Chun
( Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract The combined gold and palladium bimetallic nanoparticles were received significant attention be-
cause of their special catalytic properties and Surface-enhanced Raman scatterings. In this paper, we report a
new synthesis of Au@ Pd core-shell composite nanoparticles by the photochemical method. The bimetallic
nanoparticles with an Au core@ Pd shell composite structure were synthesized in PEG-acetone solution by UV
photochemical reduction, using both approaches of simultaneous reduction of Au( Il ) and Pd( I ) ions and
Au seeding growth in the presence of Pd( Il ). The bimetallic nanoparticles sizes obtained by two approaches
are between 5. 6—4. 6 and 4. 6—6. 2 nm, respectively. The sizes of composite particles and the thickness of
the palladium shell can be tuned by varying molar ratio of Au( Il ) or Au(0) and Pd( Il ). Based on the
characterizations by UV-Vis, XPS, TEM and HR-TEM, an Au core@ Pd shell nanostructure was confirmed
and a special changing tendency of the composite particle size with a changing of Au: Pd molar ratio was
found. The effect of the Pd shell gaining d-electrons from the Au core and the mechanism of forming Au core
@ Pd shell nanostructure were discussed.

Keywords Au core@ Pd shell; Composite nanostructure; Photochemical synthesis; Characterization
d-Electron
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