Vol. 28 BEFEALFEFR No. 1
2007 4£1 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 10 ~15

SR TR FERFEMIENTEK
XK, EFER, TR, E A, HEA
(RWS &R, BY 650221)

WE  EFFEREE-HACL R FR T, TR SIS TS E 0 T 8 R e . RF om0
IRG AR T WFFE T VR AR B AN K FH AR B 2 10 Au( T B8 T Ak 23 TS 7 3 SR FIE I 4 40 s 7 R
SRR SR A A KB, B Au(0)/Au( D) AR T FHEEN 4.9 ~9. 7 nm FIBRIE 4kE
T ARYE LRS- ] WL OGS A B T A AR AR AT, B T OGRS RN RS ARk
TR A A AL,

KEIR  KIHSEIMRES; FR R SY90RRF; ik ; P

FESES 0614.339; 0644. 14 XEARIREE A XEHE  0251-0790(2007)01-0010-06

SR AR T2 | 6 AR FH RN A 9 B 2 S A5 v ELAT )32 B R FH RS20 SR,
5 = DA R 3 GG YA AN 7 2 PN 7 O =7 = QA A AN 7 = NG 7 1 e o A TR K2
TR E LS. TRk, DMLk S aukh TR B8 12 R, Hidoe bk vk
BRI | SN REASI5) Al | ot Fisinys Yo S P40 | AR B4 R 28 2 s il R g oz 1 R T3
PR T A 2 G, RS R RITE AR A 4 9N K T R e A4 6 vh (8 FH v SR A0 A0 3 T 1% 5
ST LR SRR AR 1 LI TR | TR B AT AR 3 B T B P 365 | & R i
fe2E . et , AR AR £ -HAuCL, -SRI R AR 2, LA E R BH S AME SR G, i) i il £
T HARLE 10 ~66 nm Ji [ P4 A 1R 4 gl Aok 711

FHAFRERR A AE A 148 TR R 70 A I 22 0k R — A 4 T IR i e i 112 (HRAS I 4 b
KB RSF RKABLE 12 nm LA_E. TR FAPERRERAE LR R etk 2z ik il 2 /N RH S 4kobi 7 i i 9t v
A1 A WL ARAE . AR SCR 3% — 28 B (R TR 2R, 7 BH G BRSF R R T R R B A K ik, ad Bl AR
Au(0)/Au( D) BEIR GBI T BEAR R 4.9 ~9.7 nm | RT3 e 28 B3R S 90K b1, JEAT T 3%
fiE, BEE T 9K A A AL

1 SCIEES

1.1 RXFEMNE

HACL, %50 T oK A 2682 Sk 99. 99% 11 2 4 5 LA SR TR 78 2 Bk L iR il 4, Au (T ) ¥ 1Y) Jo o
WePEN 0. 600 mg/mL; 1% (i S AT B0 AP R A 1% (R R EO) FriERis i, RO
(PEG400) L. T IR A AT 4l 7K A D8R 28 2818 1) K.

Lambda 900 UV/VIS/NIR 4336 ( Perkin Elmer) ; 28486 . 1 300 nm (3£ [E ULTRA-LUM
3] ) 5 JEM-2000EX 325 5 HL ¥ I i858 (JEOL) .
1.2 XEHFE

KHL AN RSN S 9B FRYH 4. 78 25 mL FEHP A 2 mL HAuCl, ¥4 . 3 mL Frigpzan
VS VR BN [ B JR 3 B AT R IR AT R PR AR 5 VS TR (A R IR AR B SR FE [ 8 ) , LUK ER, IRGIEG Y
)5, A 250 mL AT, BRI ( 2 p BRI BHG T IS, IR G i h s

ek F 39 . 2006-05-24.
ReWH . ZMA HARES S A0 H (S . 2000E00082Z) iz M4 H AR ES 4 (HLHES . 2002E0080M ) ¥ B.
RN #SP 2 (1942 SRR, I, D900t , W SRIR AR AT £ 5E. E-mail: dasw@ xinhuanet. com



No. 1 F MRS AU RET AL S A s A AR A K 11

TR ARG IR LT (05 AR B 21 (0. LAST 6 BE T AE A 1A 4 9 Kok 7 1 2 T 55 B 1 A L PR W s i
(SPR).

FHAE A K Y 5 o BEOG AR 2% 7 ¥ 78 HAUCL, -PEG-TR Bl 1 W P L 300 nm 3 1 A4 42 40 O BE S5 i
#ZUOMW ORI IR R S E S R A, A SRR TR ER N 3.1 nm (A, =
512.46 nm).

SR F IR . AR AV WE B R ] 28 AL 9 UV -Vis WRISOGER H UV-Vis 28606 EE 0 5%, fifi
1 em FA SR (LA R AY 2S5 R 2 1) . kT BT IR A R SH R O 8 I f B
(TEM) RAE. TEM £ 5 B9 4 2 B R A A RO ek IR w5 AR W |, FRAER E T, EREEE
7200 kV BHRECTEM FE. SRASH S99 K0 T 59 AR RN TEM B 2/ 200 D90 T 51
TR,

2 #RE5WE

2.1 SMRHTHANSE R SR
LA R B-HAC], R TR S OEOR T AT, 3T 16 P B G A U B, SR i

FARGLE, BABRWAE. Bendis X T —

HAC B B V8 Y 1 25 6 D 2600, 1L

B B 5 K. h
Pl 1R H T R R R R 1 UV-Vis 1 2 os
WOLIERERS R AL, s 1 ATLAE , RE IR
() HE WA B HAWC, 38 % 7F 220 1286 nm T L o4
7 SRR 5 4 % 1 P, 787 96 5 300 (LMCT) | 3T i ol
% Au( ]]I)'ﬁ*]‘%@ﬁ*ﬁﬁﬁﬁiT@ﬂ%%ﬁ@%%ﬂl ééIEH 200 300 401;"200 600 700
JERST 20 min ZJF, FER 550 nm AbIT 4R 8 B4 Fig.1 Evolution of UV-Vis absorption spectra of the
YKk B SPR W W6, B 5 E SR B ) B JE K s gold nanoparticles with radiation time
A IEAWTIERS , WO S ELE FIHES. MARIRZY 70 min B, A, =523 nm, WOGREANKE HRSTI [8] (1Y

R AR L, BB AR T (R A2 i R L 48 58 4

X K B 45 A2 BT IR] 43 300 15, 45 1 70 min BHE R BT T TEM 24E, TEM E{Z 0
20 (A) ~(C) IR, BRETRI A 9 S AR FIRARAS L[ [ 2(A) ] Bt 4 RS E) A 2E 4, 4
BB K, P EARZ10.4 nm[ K 2(B) |5 4485 70 min I, 53053 BUSEF R BKE FOR BE 1 94
Kb T, P EAAN 8.7 om, RSP E 2(D) ].

T o] ¥
W B DTSN g )
w e - @* .{ *

30

ot . . L] =

B Q 4 . <

%a;' . -J ¢ \ ‘ % 20

: . ] 4 =
E ars, P 2T 10

B A 88 e o

XN G ';". PR e % e
- o e AU AR e @ AR Wy < e 0
f : 50 nm laa, | 50 nm i S T “y o 50nm 4 8 12 16

s = LLe et Diameter/nm

Fig.2 TEM images of gold nanoparticles under the solar radiation(A—C) and histograms
of the size distribution(D)
Radiation time/min; (A) 15; (B) 45; (C) 70; (D) histograms of the distribution for (C).
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Table 1 Influence of molar ratios of citric acid to citrate on the photochemical

reduction reaction of Au( Il ) ions

n( Citrate ) : n( Sodiumcitrate ) pH Reaction time/min A /M Diameter( Au)/nm
0 6.67 70 523.00 8.7
1:4 5. 66 60 525. 65 12.4
1:1 4.37 40 521.61 9.9
4:1 3.34 25 521. 30 —
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Fig.3 TEM images of gold nanoparticles at molar ratio of citric acid to sodium citrate 1:4(A) and 1:1(B)
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Fig.4 Effect of the UV solar radiation on reduction reaction of Au( Il ) ions in a fine day(Date: 2004-12-23)
n( Sodium citrate ) : n( Citric acid) =1:1. (A) The relation between the SPR intensity of gold nanoparticles and reduction reaction time;

(B) the histograms of the reaction time distribution in a fine day.
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Table 2 The growth of gold seeds at different volume ratios of Au(0) to Au(IIl)

VIAu(0) J: V[ Au(1Il) ] Reaction time/min A pay/ N Diameter( Au)/nm
1:3 40 514.01 4.9
1:4 50 516.25 6.1
1:6 50 517. 60 7.9
1:8 60 520. 88 9.7
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Fig.5 TEM images of gold nanoparticles by seed growth at different volume ratios of Au(0)
to Au(Ill) solutions (A—D) and histograms of the distribution
VIAu(0) J: V[ Au(Il)J: (A) 1:3; (B) 1:4; (C) 1:6; (D) 1:8; (E) histograms of the distribution for (B).
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Photochemical Synthesis and the Seeding-mediated Growth of
Gold Nanoparticles Under the Sunlight Radiation

WU Hong-Cheng, DONG Shou-An" , DONG Ying-Nan, TANG Chun, YANG Sheng-Chun
( Kunming Institute of Precious Metals, Kunming 650221, China)

Abstract In the aqueous citrate-chloroauric acid solution, well-dispersed gold nanoparticles were synthesized
by the photochemical reduction under the UV solar radiation on plateau. The influences of the pH of the mix-
ture solution and the UV solar radiation conditions on the photochemical reaction rate and the size of gold
nanoparticles were investigated. By means of seeding-mediated growth approach, monodispersed spherical gold
nanoparticles with an average diameter from 4.9 nm to 9.7 nm and with a narrow size distribution were
obtained by varying the ratio of Au(0) seed to Au( Ill ) ion under suitable conditions. Based on the charac-
terization by UV-Vis adsorption spectrum and transmission electron microscope( TEM) , the mechanisms of the
freedom radical reaction, the nucleation and growth during the formation process of the gold particles were dis-
cussed.

Keywords UV solar radiation; Photochemical reduction; Gold nanoparticles; Seed approach; Mechanism
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