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Abstract: A stepwise seed-mediated growth approach is practiced to synthesize monodispersing Au particles in
diameters of 3.2-14.0 nm using poly(vinylpyrrolidone) (PVP) and D-ascorbic acid as the capping agent and reductant,
respectively. The starting Au seeds are in diameters of (1.9+0.4) nm and are obtained by reduction of aqueous HAuCl,
with NaBH, in the presence of PVP. By control of the ratio of seeds to metal precursor (HAuCl,), nearly dispersing Au
particles with average diameters of 3.2, 4.7, 6.3, 8.0, 10.3, and 14.0 nm are obtained in sequential growth steps without
the need of using alternative reductant and capping agent. Key factors affecting the size distribution or monodispersity
of Au particles are discussed on the basis of LaMer growth model. The use of higher seeds-to-HAuCl, ratios in
coupling with slow ascorbic acid addition is crucial for the control of monodispersity of product Au nanoparticles. Fast
ascorbic acid addition would lead to secondary nucleation which results in Au particles with broadly dispersed sizes.

Key Words: Stepwise seed-mediated growth; Monodispersing gold nanoparticles; Poly(vinylpyrrolidone);
Ascorbic acid; Nonosize-control
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Table 1 Preparation conditions of Au colloids with
different sizes

dee.® Viees® Vima,' Vaa®  Molar ratio of d'

Sample _— —_

mL mL mL HAuCl/reductant nm
Au-1.9° - - 1.00 - 1:10 1.9+0.4
Au-3.2 1.9 100 025 3.8 1:1.5 3.2+0.5
Au-4.7 1.9 100 1.00 15.0 1:1.5 4.7+0.7
Au-6.3 32 44 025 38 1:1.5 6.3+1.2
Au-8.0 4.7 82 050 75 1:1.5 8.0+1.3
Au-10.3 4.7 58 1.00 15.0 1:1.5 10.3+1.8
Au-14.0 103 140 050 7.5 1:1.5 14.0+1.9
Au-10.3-N¢ 47 58 1.00 15.0 1:1.5 8.6+2.1

“Au-1.9 is obtained by using sodium borohydrate as the reductant;
°d...a; i mean particle size of Au seeds; ‘the concentration of Au seeds
is 1.0 mmol+-L™; %he concentration of HAuCl, is 50 mmol *L™; ‘the
concentration of ascorbic acid (AA) is 5.0 mmol-L™; 'd is the

average size of Au nanoparticles; *®N means new approach.

nm, BRI A7 B 510 nm Z#iF £ 2 530 nm,
g iR A, 2% T 3 58 5 (L TR SR, R ST i — 25 16 KB,
LA BRI B AR R AR 2 Ak, AR Mie BB
X F 50k R /INF 20 nm (R i, e 1 45 1A
PRI WA BRSNS s TR A AR RS/
T 8 nm BYFE A, HE AL B AR R S Mie
PR PO AE SRASF, 3 Al BRIE XS T/ N,
FH 5RO B0 358 A0 H.AE F (laying effects),
I 5 Mie g H “ 34474 Jfi (homogeneous medium)”
PR ANAT s AN AT A A L i 3Rt ks R
RS, XL AT RS 1 g i e /N RE
SURL_E PR I R R 2 —.

AR RS 4 AR i, ZE 83 KB Ta] (40 50 d)
BB, TR b AT RE ORI T 1 — RS 6
YRASFRT 6 nm LSS, 248 50 d i E 5, H UV-
Vis W IOGTE 58 B A i 1 JEAS AR (], 150 B G 2 A

.| = — Au-32
\\ —— Au-1.9 (starting seeds)

Absorbance (a.u.)

300 400 500 600 700 800 900

B 1 E RSB G 225071 TR S i
Fig.1 UV-Vis absorption spectra of Au colloids with
different sizes
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