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Transition of Growth Mode Controlled by the Density of Nuclei
in Photocatalytic Synthesis of Ag Nanoparticles
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Abstract: Using the aqueous solution of AgNOs, the growth behavior of Ag nanoparticles synthesized by
photocatalytic method is studied by controlling the chemical activity of TiO, film. It is found that the Ag
nanoparticles can grow up with two distinct growth modes, which correspond to the isotropic and anisotropic
growth, respectively. When the concentration of AgNOj; is low, Ostwald ripening (OR) dominates the growth of Ag
nanoparticles. If the concentration of AgNO; exceeds a critical level, oriented attachment (OA) determines the Ag
nanoparticles growing up into Ag nanoplates. The in-situ extinction spectra suggest that the Ag nuclei have the
very similar features in the stage of nucleation before the growth of Ag nanoparticles is dominated by OR or OA
mechanism. The transition of growth behavior is determined by the concentration of AgNO; in the solution, or the
local density of Ag primary nuclei. On the basis of experimental results and theoretical analysis, a physical model

is suggested for the growth of Ag nanoparticles in the photocatalytic synthesis.

Key words: Ag nanoparticles; photocatalytic synthesis; transition of growth mode

Wk B 1.2013-12-05, W& 2ok H 41.2014-04-11,
BRI AR AN, E-mail ; qyzhang@dlut.edu.cn



1568 Jd Hl fk

#o% 4R %30 &

TECIIVERE | 53 4 8 A9 K UKL, T Au Ag 44
KIURL | AT LIJE 8055 125 1 BOT (plasmon) 2 R RN, 1
FCARMEAL A W15 I Ol 7o MR T3 SR 4 85
T (SERS)S5 AR 2 GUA A )12 LM, P 42 )R
G K IURE B PE T 5 RS RN &5 4 A SCHos
M A2 T 20 DK SURE B8 A A DT IS ol 25 ol 2% 1) S P )
55 J A KU 2 T TR 4% b 0L FH AIE S Y HERR U151 45i)
U 7e 5T A B TR oT S SR e AL S O6 AR T T Y
L 45 T S 1 4 T 4N DK 0K A X 45 3 [] 4
4 499 K URL I8 5 7 P UL 21400 IX s A B 4 1 45
BT URIEOT I DGR X R R P A B T S
SCARAT R G e RE 1] AT WL AN 2L A1 X B4 g | ik
T 4 i AR R BT o P e s

745 il 452 J 94 K UKL 1 B W5 i vh A2 0
B IR T A5 4 JR AN K URE Y £ 27 vl TR
T 7 55 7], 40 2R 2945 ML B8 B (polyviny ] pyrrolidone,
PVP), 44 K BUkE 1) A A Bl g 2 3 B n] DG o i B2 4
1l 1) 58 4 A [] 4 45 [ S 1k 90 K 45 4 T3 ) gk Ay 11020
m H , 5% % 1 Ostwald 2 1k #L i (Ostwald
Ripening, OR)AS ], AAIT42 i 1 —Fb LU/ UKL Sy
FEAERTT T NT A 4 2 A A B 4 oK AURE 1) B 1) R A=
(oriented attachment , OA) i B 40 K JIURL 1) 45 7] S
A RAT el ER A O vk rh 2R TR 5 ) A
WP FRIETE 22 5% B AR 0K 4 Ja JURE A9 3R 1f0 | I T 7=
PR —SERIAETT, B SERS & — Rl A T4 A
FLZ AT LSS AT L0 0 B0 A AR PR TR
& 9 A UKL T AT B o3 T8 7 R SRR T T,
T SERS A R B 9T R

AL B B T A 4 9 oK BORL 1 — b A 2
FB, S RBLE AR e U Ot
Az BT 3 I TR A 4 s R T SR B K 4 R
RLAY A A DT AT 2308E B 1 2 T R S5 A BIL O T
P59 A AgNO, KIS, ek I ] LAAE —
seop G AR, A0 TiO, WA &5 I aJm Ag K
Kol H 2 |l T i/ 2 T 5 R A A
9 Ag AR FRLAETE S AR A9 BRIE | 330 ) 8 45 4
oK <G J URL Y G 2 PR BOR AR BN FIAY . Rt 35
4 J UKL 52 B A% 1o e 1 AR IO DA AL S R B —
AN PR | BT Tanabe 5518 3 6L T 2 FIH]
AGNO, K2 BEVEW A LT 4 I8 Ag 90K ) Bl
J& , Wang 55 AAE 1 HA7 LI 22 T 48 AR 0B A
R Ag GIKBURLIY G, B A XOLHE
a4 Jm Ag 9K IIURE ) 2% 1) S P 2R K HL A O

AN,

ASCH ] AgNO; KW, 38 5 7™ 46 #E 1 Tio,
WAL IE T, REWR TS E R Ag
R ORI A K AT Ry, BESE SR R | AR A L
&8 Ag 9K IURLAFTE & WA 58 2 [\ 1y 2R KL
il , ED OR ML A OA BL, 43 51 % N & 45 J@ Ag 4
OKAFURE (14 2% 1) [m) M D25 1) S PR AR G L AgNOs I
WRE TR M U Ag B AL 0 SR B R A
il g AR A KB ) 254 T R B R 3R e LAl
b, ASCERI T A O AE K S8 Ag 1K BURL
P AR | AR BT O A LA ) M Ag Ak
TOURE R G A= HILBHL 1% fige o 2 A1 57 1 L B8 T] e 3
&7 2 W L AE Ti0, R 16 A L Ag KR 0Tk
A B o oAk SRR AR, &
[H 38 R = 5 9O A W AE R N

1 EWHE

1.1 BARERTIO, EER & &

TR FE s FSE U5 e 1k ok il £ R TR TR Ag 4ok
OB R Y TiO, WS, & 2%, I 50 mL ABRIRR T
PR AT 3 mlL B Z BEPN BRYR & T be b b It 714 77 i b
LR, PR 0.21 mL 2SR, 1.4 mL A BT
JKH 150 mL W TE/K & BEETR & 78 4 4 1 e ) Bl
IR, 50 o080 2 M 3 o A E AE 5 BB R A BRI T
i 1 2 Tk P9 A VR 5 VU, TR 0.5 h R IR 1 d
i A B A A P K 3 06 T4 AR B B O VR T T L 4
1 TiO, % W Ja 2 P B i 1B AR T 550 C TRk 2
/N BIAS B0 45 6 1Y TiO, iR
1.2 HELEK Ag kBt

W5 T — UK il 2 B AT THO, T R A% 2% 0 B 1
BN T4 08 Ag AR AR DU IR 6 )8
Ag GURBORL A K AR —BH: . &8 Ag KRR
B A KR ARG 2 AT DLk S 24 O XA Ak
BRI B IRAT TiO, W Y IS R iR T
AgNO; K TR b R FAR U 7R KT (Philips
TUV,8 W) NiEBOGHR, b T & Jm Ag 4K URL
WA KAT R, RS A —1T DL -3 21 0 S5 gAY
(Ocean Maya 2000-Pro) J5 o7 45 I A= A<k #2467 O
TR AR HIFE R 10 s, W5 FI A 200~1 100 nm, 6
WS IR DU B DO Wit rh B O TR R
AT R B B R (SEM, S-4800) 43 BT 4
JB& Ag DKL A R 325 5 v 7 S 3R (TEM
JEM-2000EX)7r BT Ag 44K 4544



A IS ORI ISR Ag AN K IBURLIY L K HL ]

7

s A% S R 4 T ) A S S 1569

2 HRSIE

2.1 £BAg WKL B B 18] BY R AL

K12 AgNO; B 2l 180 mg- L' B 4x )@
Ag GUKIBURL I B 35 Bt B ] R e Ak, AT AR B, 42 )
Ag G0K IR 2ARHLIN A BRIE | ok RST i A K A
(] B34 I 3, U] 42 Jm Ag A K UKL LA 45 1 [R]
PEMRIAE R RATERE S e KR, WK 1
)T, & )8 Ag 40K URLAT I B 58 4 K [ 1) ok
AN I R S NG I S N A S S S R
A KBRS 4 min PG, 3F/INRST Sk 9 9% BE
BEOR TR, TRl ROST 4 1 ok 22 3 4 B 8 4 OR
AEARRE T 1 (b)~(d) BT s, BB I 19 & 8 Ag
K BRI F OR AL =T A B 1(c) 4 &
N Ag WK KL 8 min FE AL HY XRD 4528, KT Y
3801 44043 I X I IO 37 G5 R I Ag AR (111)
5 (200,

Pl 2 2 AgNO, IR 2 - 2 800 mg- L™ B 4
J& Ag 44K AR B4 T 550 Bt s 1) £ S8 Ak AR T TR vk
JERF I AR K SRR TR] Y 4 TR Ag 9N oK R
B R ARIEH , &8 Ag A0k R DL =FMIE & | itk
AT — SR A Z2 098 AN SEM B8 7 rp Al DL
BHEH, XEL)E Ag JUOKFAEE M, T M4 R
Ag BURLAKAR AT L Ui Bk R JE BE AR # i, AR

36 38 40 42 44 46

20/ (°)

- BT,
Py O,
o Das0@ S8

K
. o
ALY
0..008

e AR Ag 9K A, AT DG Ag 40K R (1
FETE 10~20 nm Z[0], THAK 7 B9 RSFAEJL A 90K
FJUBOK RS, UL ILET &8 Ag 90K 0k 22 30
e R ZUA A 1] A L 1 (a) A B AR
HEH R AR B IY Ag 99K B TEM BN DL R
HolL AT, BT S BRI AR R W] Ag 91K
Fr P R TE R (111) 4 18T

A NI JEREEECH 2 min B, Ag 44
KAEBE L B Ag 9Kk R RS 2R E R &
K Ag 9K R B IR BIHOK 90, K 2(a) TR,
T8 378 R FIC MR B V5 T (180 mig » L) B A b Rt il
FOGRER A R, NS Ag 90K R 5o I B
W MRS Ag 98K B A8 A Fie g, an &l 2
() 2(c) i, WIES B | N =FIE Ag AK
1) E A B T B IR BN Z 3008 i i g oSl
T LA R 5 T8 90 2K R %) L ) 1) 286 o 3 38 R 23X
B K RST 1 2 3008 ] R e 3l i /N RSE I = A B
oK R LL OA BLEITE IE AL, AN S5 4k) SEM
L8 & R (] 3(a)) AT AR W B B R 5 i Z 1)
B A I 0 R DL I — 26 = A B A IF
B 5 TE AR B Ag AN K S5 48 | Q& 3 (a) Hh 18 B T 2
A~ KA TEM v LUWEL S| 55 R 09 AH A I i #E
BN TR AR K 3w, &5 TEM(E
3(d)) 7 in St i A T — SR Y Ag(111)

Inset in (c) shows the X-ray diffraction of Ag nanoparticles with the irradiation time of 8 min
1 180 mg- L AgNO, ¥R BT AN [R] G A AL AL KN T] 119 A 20 K AURE (3% 43 41 ris 45 151
Fig.1 Typical SEM images of Ag nanoparticles grown in 180 mg-L™" AgNO; solution for different

irradiation time: (a) 2 min, (b) 4 min, (c) 8 min, (d) 16 min
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Inset in (a) shows the TEM image and the electron diffraction pattern of single Ag nanoplate
B2 2800 mg L AgNO; # BE T A [ G AHE AL AR IS ) 1) Ag 2 K R B 49 i PR 45
Fig.2 Typical SEM images of Ag nanoparticles grown in 2 800 mg- L' AgNO; solution for different

irradiation time: (a) 2 min, (b) 4 min, (¢) 8 min, (d) 16 min

B3 (o), (b) T RAECI Ag 90K H BOETH B, (o), (d) Ag 20K AT 2 96 (08 1 35 S 5 P
Fig.3 (a), (b) SEM images of Ag nanoplates; (c), (d) TEM and HRTEM images of Ag nanoplates



A IS ORI ISR Ag AN K IBURLIY L K HL ]

7

s A% S R 4 T ) A R S 1571

4 AR 2 h 10 Ag WORE 5

Fig.4 Typical SEM images of Ag nanoparticles grown in 180 mg- L™ (a) and 2 800 mg- L™ (b) AgNO; solution for 2 h
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Fig.5 Extinction spectra of Ag nanoparticles in 180 mg-L™ (a) and 2 800 mg- L™ (b) AgNO;

solution for different irradiation time
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Fig.6 In situ and real-time extinction spectra of Ag nanoparticles in 180 mg-L™ (a) and 2 800 mg-L™ (b) AgNO; solution
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Fig.7 In situ and real-time extinction spectra of Ag nanoparticles in AgNO; solutions with different concentration
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Fig.8 Schematic illustration of photocatalytic growth of Ag nanostructures on titania films in AgNOj; solution: (a) Photocatalytic

reduction, (b) Nucleation of primary particles, (c) self-assembly growth via oriented attachment
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