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Controlled Synthesis of Gold-based M agnetic Nanocomposites and
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Abstract: With the rapid development of nanocatalysts, gold-based nanocomposites have attracted more and more
attention due to their excellent catalytic capability. In this study, a novel kind of gold-based magnetic nanocomposite
with uniform size, high dispersity, magnetic separability, highly catalytic efficiency, and stability was facilely fabri-
cated via a controllable in-situ reducing approach. Firstly, magnetic nanocomposites were synthesized through coating
100 nm-sized hydrophobic Fe;O, nanoparticles with organosilica shell formed by the hydrolysis of mercaptopropyl-
triethoxysilane (MPTES). Then, size-controllable gold nanoparticles (2 nm or 6 nm) formed via in situ reduction was
anchored onto the organosilica shell via Au-S covalent bonding, so that gold-based magnetic nanocomposites consisted
of Fe;0, nanoparticles as core and gold nanoparticles decorated organosilica as shell were obtained. Various tech-
niques, such as Transmission Electron Microscope (TEM), Dynamic Light Scattering (DLS) and Vibrating Sample
Magnetometer (VSM) were employed to characterize the as-synthesized samples. It is demonstrated that the
as-prepared nanocomposite is highly-dispersed, core-shell structured and superparamagnetic with diameter of ~150 nm.
The saturation magnetization was measured to be 32.1 Am?/kg. Furthermore, the turnover frequency (TOF) of
MCN-Au (2 nm) is calculated to be 70 s towards the catalytic reduction of 4-nitrophenol (4-NP) to 4-aminophenol
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(4-AP). More importantly, the conversion rate maintains 98% after 5 cycling usage, verifying its highly catalytic capa-

bility and reusability.

K ey wor ds: in situ reduction; gold-based nanocomposite; superparamagnetic; highly catalytic capability; reusability
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Fig. 4 SEM images of (a) Fe;O4 nanoparticles, (b) MCN, (c)
MCN-Au (2 nm), (d) MCN-Au (6 nm); (€) Diameter distribu-
tion curves of different particles

i Au NPs J5 ] MCN-Au {5-5F 7 3E5 25 R 43
i, 2B MCN-Au AR 2 BOR &

EDS #tif & STEM 43 #7 (& 5(a), (b))*f MCN-
Au(2 nm) A% se g5 fAE 7 aE— 2B kst . EDS JLE
B oM BoR, RS I0HR M4 ETE ROk Bl 45
MR s T, WiE SR EESMTRE;
R TC R I G WA o A fE Hh I|], &6,
KW FesOp EEA MRS, B0 H M 38 (/5 R
G NREFERERIEIREZ. B 501k
M Rtk — D UM R A AE Fes O Siv Au R
TR, RPLIMINMRE T KL FesOs A%, H
BUE 2 A5, i Au NPs (11 5% 45 1) 5 4 B0k
2.2 MCN-Au & & Bk B9 M R

K 6 2 A E K BRI XRD K. K (@)
FesO4 N MITHT I S5 hRHE FesOq IMRFIEIE LA, K

©
Si
~ RO
=
& WFe
= Cu
2
O Fe
S
Au

Energy / keV

5 (a) MCN-Au (2 nm)f¥) STEM B F; (o) &t R (by)k
JLER A (ba) it TC R 1) EDS JT 3 M4 13 () MCN-Au (2 nm)
fr it

Fig. 5 STEM image of MCN-Au (2 nm) nanocomposites (a);
scanning mapping of Au elements (b,), Fe elements (b,) and S
elements (bs). Scale bar is 100 nm; (c) EDS pattern of MCN- Au
(2 nm)

(33D * Fe,0,
. v Au
(440)  (511)(440)
N o v (533)
- -
g
2
g
g0 ‘
(200)
@ M (220) (311)
M v

10 20 30 40 50 60 70 80
20/ ()

Kl 6 (a) Fes04 (b) MCN, (€) MCN-Au (2 nm)#ii(d) MCN-Au
(6 nm)f¥) XRD i

Fig. 6 Wide-angle XRD patterns of (a) Fe;0O, nanoparticles, (b)
MCN, (c) MCN-Au (2 nm) and (d) MCN-Au (6 nm)



H2m

KA, A TR A R DU S A = k- oK B R S A RE T 7T 225

LS B K P20 AR AER FesOq A . A HLAECL 78 Hd 1
FesO4 40K KL T J5, 1E 20 = 10°~30°78 [ P 7 1 1) 5
U 2 WA B T G RE T A E, 1 R IE S B
JZ 1 BT 7

U4 2 nm 7245 11 AuNPs J&, I FEFEAR AL
M) AuNPsAS K S5, W B4 T IR AR, 20=
38.1°.44.6°.64.8° 1 77.8° [\ 17 5 U& 73 %t %2 Au NPs
(110). (200)~ (220)F1(311) & 1 (I AR Hr A% fT i, WESKE
T Au NPs[PAF1E 75 B 7 H 1 UV-Visi & #1, MCN-
Au(6 nm)fE 550 nm AbA B R, 1) MCN-
Au(2 nm) i 285, 78 AL B BE B S IR ik
I . 3 & BT Au NPs b2/ (2 2 nm), 28LH
rFHEE, MELMEN SR F kAL DR Bk, 78
XRD H1 UV-Vis i Kt %A 2 nm 1] Au NPs [HF1E
e 55 W TR A O, 53 40, ANIEL 7 A IR R T
i, BB 9K SRR AR B, HOKIE R it
SN NGRSl AN

Pl 8 (1) MCN-Au [ i i 28 3¢ B A4 L 2L 2%
IREARF T o G2 VH B, FesOq 48 AL (1) W AN G 58 55 N
59.7 Am?/kg, 2 it HLE LA DL R A O TR I 4
2nmAuUNPs 2 J&, %% 32.1 Amikg; 4 AuNPs K
KZE 6 nm A, XEE 29.0 Amikg. 3 & @R 7E
SMINRESA WAE R R, 30 s 5 MCN-AU(2 nm) it 2 2 30
B E, BRI E, BRER, Bk AT
DL EE BT 48 50 Hh oy BOZE K IR VR R . BBk T B
MCN- Au 7E #EA¥ 8 H AT AR 47 SEBILRE 73 5 T R
2.3 MCN-Au E&Fn AL 1 RE

S R IURE DA URE (1 40 27 5 1t v AR T %
ol (b A S B, B4 A 3 B LA B v G U 25 (o
AT IR ) R HE A3 TR S I o R I SI2 6 SR P 4l 2

MCN-Au (2 nm) MCN-Au (6 nm)
el
g
8
g
2
2
< 550 nm
300 400 500 600 700 800
Wavelength / nm

K7 MCN-Au (2 nm) (ZE il Z)A MCN-Au (6 nm) (£Lt
it 206) 75 7KV R T 1R 56 AR IO 1 3 1)
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