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SiO,~Mediated High—efficiency Enrichment of 5 nm Gold Nanoparticles
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Abstract Gold nanoparticles (Au NPs), smaller than 10 nm, have a high ratio of surface area to volume, and therefore have
excellent catalytic activity. They are widely used in the field of catalysis. The concentration of small particle sized Au NPs
synthesized by traditional wet chemical method is too low, and further enrichment is needed in order to meet the experimental
requirements. However, small particle sized Au NPs are prone to aggregate during the concentration process and lose the
catalytic activity. It is a challenge to concentrate the small Au NPs while keeping their catalytic activities. In this work, 500
nm silanized SiO, particles which are covered by positive charges were used to adsorb 5 nm Au NPs through electrostatic
interaction, and self-assemble to form Au NPs@SiO, composite at room temperature. The loaded efficiency of Au NPs can
reach 99.5% and the amount of Au NPs particles loaded on each SiO, particle reached 800~1000, which greatly increased
the effective concentration of Au NPs in the local area. Moreover, Au NPs enriched on the surface of SiO, were bound by
electrostatic action and uniformly distributed on the surface of SiO, without agglomeration. The results showed that the cata-
lytic activity of AuNPs@SiO, was greatly enhanced by increasing the local concentration of AuNPs, and the catalytic activity
was 3 times higher than that of AuNPs at the same concentration. After 5 times of reuse, the catalytic conversion efficiency
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remained at about 80%. The Au NPs@SiO, composite could be preserved for one month with the same structure and catalytic
activity. Moreover, by adjusting the molar ratio of SiO, and Au NPs, the assembly density of Au NPs at SiO, can be precisely
regulated, and the catalytic activity of Au NPs@SiO, can also be changed precisely. This work provides a simple method for
preparing small sized Au NPs with high concentration and greatly improves the catalytic activity of Au NPs. The method has

wide application in enriching other small sized nanoparticles.

Keywords gold nanoparticles; catalytic activity; enrichment; the electrostatic interaction
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2.1 Au NPs@SiO, HIFRAE
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Si0, F i B 42 Au NPs@SiO, EH5).
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Au NPs
APTES
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}
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B 1 (A)YMRIfR Au NPs 5 Sio, MHHRREE. B)YEEY Au
NPs@SiO, fi b 7] R S ik i R

Figure 1 (A) Scheme of self-assembly of small sized Au NPs and SiO,.
(B) Reductive N-deoxygenation of Resazurin to Resorufin by Au
NPs@SiO, composite
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HeiE U 2A FiaR, SiO, 7E 400 nm # 800 nm I K75 H
A Ui, 7T LAHER: Si0, % Au NPs WU ik, 5
Au NPs M Ltb, Au NPs@SiO, FI5 AT WG IS e
WERITEAR R A T R, B KRS AL £ 4 48 nm.
Au NPs IR IOERE 5 Au NPs R ~F DL & Bl 905 () A
BRI, Au NPs iR SHROK, LRI Kok
Au NPs 135 7E SiO, R 2 J5, Au NPs A& 7 HOR A,
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HAH2E G Au NPs@SiO, [ F37KERAEZ)IN 513 nm,
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Si0, 55 Au NPs @SiO, Mt RifR ra &, Hor Bk ahif
53529 498 nm. 513 nm. (C)ZHZE AT f5 HIH Au NPs 18 SMROGTE.
Figure 2 (A) The UV-Vis spectra of Au NPs and Au NPs@SiO,. The
absorption peak of Au NPs is 512 nm and Au NPs@SiO, is 560 nm. (B)
The results of dynamic light scattering particle size analysis of SiO, and
Au NPs@SiO, showed that the average hydration particle size is 498 nm
and 513 nm, respectively. (C) The UV-vis spectra of Au NPs in the su-
pernatant before and after assembled.

F1 ICP-MS JEIFH5H AuNPs B FERRE
Table 1 Load efficiency of Au NPs measured and calculated by
ICP-MS

Beft
¢ oré Supernate Sediment
assembling

Gold content/pg 30.42+0.25  0.138%0.016 30.25+0.19
Percentage of total

0.4540.053 .55+0.63
gold/% 9
Loading efficiency 99.5%
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Figure 3 (A) TEM image of Au NPs. (B) TEM image of SiO,. (C)
TEM image of Au NPs@SiO,
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Figure 4 (A) Scheme for the changes of surface charges of Au NPs and s
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The ratio of SiO, to Au NPs

B 5 (A) Amino-SiO,, Au NPs ll Au NPs@SiO, AL [ B (115 712
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ELI, Au NPs f£ SiO, R M £ 3 & 1] TEM RAL.

Figure 5 (A) Kinetics reactions catalyzed by Amino-SiO, Au NPs and
Au NPs@SiO,. (B) The catalytic kinetics reactions catalyzed by Au
NPs@SiO, at different ratios of SiO, to Au NPs. (C) Catalytic enhance-
ment by Au NPs@SiO, at different ratios of SiO, to Au NPs. (D) TEM
images of Au NPs@SiO, at different ratios of SiO, to Au NPs.

£ 2 Si0, 5 AuNPs AREWIFITHE LT R0 5 R =
Table 2 The catalytic reaction rate of Au NPs@SiO, at different ratios
of SiO, to Au NPs

n(Sio,) -

0:1000 1:1000  1:500 1100
n(Au NPs)
Reati te/
CHONTAE 60150 0.0484 0.0360 0.0165
(umoleL "es™ )
E
mhancement ——, 3.1 24 1.1
(n-fold)
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Figure 6 (A) TEM images of Au NPs and Au NPs@SiO, before cataly-
sis, and statistics for the sizes of Au NPs. (B) TEM images of Au NPs and
Au NPs@SiO; after catalysis, and statistics for the sizes of Au NPs.
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Figure 7 (A) The UV-vis spectra of Au NPs@SiO, at different times.
(B) The change of UV-vis absorbance of Au NPs@SiO, at different time.
(C) The catalytic conversion efficiency of Au NPs@SiO, varies with the
number of cycles. Insert: the UV-vis spectra of Au NPs@SiO, before and
after catalysis. (C) The change of catalytic activity of Au NPs@SiO, at
different time.
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DU & RS E, HHEMKRENHE. AEEE.
HEh, HATHHA Imaged BAFUHE T Au NPs@SiO, I
TEM & Au NPs () {1 &.
424 #H4H€F 2RB(TEM) A AL

BT KB Au NPs Al Au NPs@SiO, %8 5
ul R E, #E, R AR RIS IE S
F ML (TEM Zeiss Crossbeam 540)_3F{TRALE.

Au NPs@SiO, Z &) Au NPs [{IRAE: H AT
J& Au NPs@SiO, E- & A 2500 r/min FE B0 5
min, 2 FIEW, HEBFOKEOERMX. SRl
10%E %R, & E 40 min. #8J5, 8000 r/min, &0 10
min, B 3EWAH T TEM i%.
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4.3 AuNPs@SiO, By EMIAR

B 10 nmolsL ™" /) Au NPs A1 10 nmol-L ™' ff] Au
NPs@SiOy(LA Au NPs HIIRFEETHE) MM SH 5
umoleL ™" 7J K7 A 18 mmoleL ™' ¥fZ (AR H, 1RE
%]. AuNPs fll AuNPs@SiO, (24K A 1 nmoleL ™,
30 s MEFYHR 0 R R IEHREE . 6=k i R 13K
KWK 532 nm, KFPHEKN 582 nm.
4.4 ¥ AuNPs 7£ SIO, REMERZE

7 HEL 990 puL, 1 nmol*L ™", 5 nmol*L™", 10 nmolL ™"
] AuNPs 2| 1.5 mL [ &0 H, SR 3 I0A 10 pL,
W59 1 nmolL™! ] Amino-SiO,, ZEi& TR
. LA 2500 r/min FEE S0 5 min, b BIETH,
2B FARRDTE R, & H.
45 AuNPs@SiO,HIEEEH

B SN JE VA LA 2500 r/min #55#E B0 5 min, 25
BOEEW, HEE TKEOEMRE. £k G, BiE
Yo e — e R L B Tk, R K Au NPs@SiO,
HIW AR — 2. SRJE% Au NPs@SiO, I B 2 5 i
Wb, FEIE A PR B RS, AR RO ) A
4.6 AuNPs@SiO, FifaE M

HY 2 mL 50 nmolsL ™" Au NPs@SiO,(#J¥ L1 Au NPs
MR FE TS 43 BT QIR . FREL 100 pL TRk
JEREN &, 100 pL FHT-W5E Ak S ROE 2R, 6K 1800 pL
BT 4 CUKFELRAE. TEANFHIIFAE] 255 dv 10 d\ 20 d.
30 d), HY 100 pL I EEHE, 100 pl ¥ 75000 E 1k
NI, WLEZRE AT U (R0, Au NPs@SiO, (MR IO
TR AL RE RO AR 1k
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