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Abstract

Abstract

In recent years, with the development of nanotechnology and nanoscience,
multifunctional Au nanomaterials and Au-magnetic nanocomposites have been
synthesized and applied to many fields, such as biomedicine, purification, separation,
analysis, detection and catalyst. Since there were many reports about the synthesis of
multifunctional Au-magnetic nanocomposites, some poisonous or expensive reagents
were used or the synthesis process were complicated in most of them. Moreover, the
obtained Au-magnetic nanocomposites synthesized by some methods were of low
stability and properties, which were difficult to meet the needs of the research. Thus,
it’s very important to development simple, costless and green methods to synthesize
Au-magnetic nanocomposites with excellent properties.

In consideration of the large specific surface area and great catalysis of Au
nanorings as same as the excellent properties and easy surface modification of FezO4
nanoparticles, the synthesis and applications of Au nanorings and Au-magnetic
nanocomposites have been studied in this paper on the basis of previous works,
carrying out the following research: (1) water-soluble and monodisperse Au nanorings
were synthesized in aqueous solution based on the replacement reaction and then
applied to the colorimetric detection of Hg?* in aqueous solution; (2)
FesO4@SiO2@ Au-Nanorings nanocomposites were synthesized on the basis of in-situ
synthesis and replacement reaction, whose catalyzed properties and recycle towards
the degradation reaction of 4-NP were also studied; (3) Au-FesOs hollow
nanocomposites were performed by a modified one-pot method and applied to
fluorescence detection and fast removal of Hg?* in aqueous solution.

This paper consists of 5 chapters as following:

Chapter 1: The properties, synthetic methods and the application in the fields
such as analysis, detection and catalyst of Au nanomaterials, Au nanorings, magnetic
nanomaterials and Au-magnetic nanocomposites were briefly introduced, respectively.

Chapter 2: Monodisperse and stable Au nanorings and coproduct Au hollow
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nanoparticles were synthesized in aqueous solution by replacement reaction. The
morphology and properties were characterized. In the presence of Hg?*, Hg?* was
reduced by surface capped citrate and deposited on the surface of Au nanorings to
form Au-Hg nanocomposites, which could promote the peroxidase-like activity of Au
nanorings. The colorimetric and quantitative detection of Hg?* can be achieved by
measuring the change of color and absorbance of Au nanorings - TMB - H2O2 system
in the presence of Hg?* with different concentration.

Chapter 3: Magnetic Fe3O4 nanoparticles were synthesized by a traditional
solvothermal and coated with SiO2 shell by Stcher method. Amino-functional
FesO4s@SIiO2 nanocomposites were obtained by modification with APTMS.
FesOs@SIO.@Ag nanocomposites were then synthesized by the adsorption and
in-situ reduction of Ag*. FesO4@SIiO2@Au-nanoring nanocomposites were finally
obtained through a replacement reaction with the addition of HAuCls and sodium
citrate aqueous solution. The morphology and properties of nanocomposites were
characterized. The catalyzed properties and recycle towards the degradation reaction
of 4-NP were also studied. Fe3Os@SiO2@ Au-nanoring nanocomposites still
exhibited well catalyzed activity after recycle for 10 times.

Chapter 4: Au-Fe304 hollow nanocomposites were synthesized by a modified
hydrothermal method. The size, morphology and properties of nanocomposites were
characterized. On the basis of that Hg?* and thymine can form a stable structure of
“T-Hg?*-T”, a couple of thymine-rich DNA oligonucleotide sequence were designed.
The fluorescence detection and fast removal of Hg?* in aqueous solution were
achieved by utilizing the fluorescence quenching effect of Au nanoparticles and the
magnetic response of Fe3O4 nanoparticles.

Chapter 5: The summary of the full text and the outlook for the development of
follow-up research.

Key word: Au nanorings, Au-magnetic nanocomposites, 4-NP, heavy metal ions

detection
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A HAEAC AL . TR 2R R S0 B A BRIV AE S L
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R THT T R = SO RN

& 1-1 Au NRs [ 45 7 38

Figure 1-1 Schematic depiction of the goid nanoring fabrication.
Elin M. Larsson S51SER R AAFAR ETRI A, #1146 1 4MEZ) 08 150 nm,  BEJEZ)04
20 nm [¥] AuNRs. 1B 1-1 fiurs, Joff Bamdk B i B 415 50 b B3R
K OIFWER, SRE PRS2 R L0y 20-40 nm B <B i, TR TR
ZN k35510 2 AR I T, IRIRARAE B LAk [ IR — R 5, R
Hh R AETE VRN PP R 2 B CIRTOR, BRI T 22501 AuNRs.

a=1000nm

o, (e

© © 190

B 1-2 J7TERERE KA SEM IR, b el EE AL 600 nm 34K 3] 1100 nm
Figure 1-2 SEM images of the fabricated Au NRs (square lattice) with lattice
constants from 600 to 1100 nm.
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Jiang A5EMIRFH B ARZ P 7 E AN G B T AR b 4 T SR B A
AuNRs, HAoME2), BEE LK = 40 2008 235 nm. 60 nm LAz 50 nm. @I R
Au NRs 2 [8] ][] M 600 nm 38 K 2] 1100 nm (531 100 nmD AT DL <559
AR i %2 14601610 nm iy P9, 38 T A= A o & BRI 75 TR B Au NRs
R T A (SEMD IR 1-2 Firs. Yan Z5181R FIASAR BRI AR & Bk 7
AME . AR R4 504 3004 150 A1 20 nm 1) AuNRs, W1 1-3 . 458 %
B, X RN VEIE T RS & B

B1-3 HERR EVRIIA A AU NRsHISEMIE
Figure 1-3 SEM images of Au NRs using Imprinted Templates.

HARIXEE T ] DU & AU NRs, HRIXEETER ZAAE—E R RR Y,
WA B EERAR G RIE A BB USSR AU NRsAT AT 22 [ i rE [v 414
B b, ARKFREE LIRS T Au NRsEEM . oSt G SRR . BRI, fREETR
—Fhggta, $RAE I H T DUE AR /KA il £ Au NRs 777% . Hongjun Wang&5[14]
CUBSRBRONISAR, HE T B3 N, TEAAA G BT RT3 — S HE R 4F 1 Au
NRs.

1. 3 B KR
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BB RS A, H R AN L B AG B A [F], i E A F
MR Z T AFAEZE 5, DT AR RS . DBRAAL 2 B3R BIL S — R ARR Ao
ANARIIOREL 1) BEE 5 e R 98, W SRR 3E 2B/, 9 RO A £ — € 1R E
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)iz N AR B AT AE B 25 Rkl RS (MRD. 254
AR TREAE RIS W R0 TT S5 7T - 21

1.3.1 Fe3O4 B K kL

FesOs Y KITRLE B 1 B B ) V2 REPED R R — o ISR ZE Rk 1,
FesOs /MM AR A U ZE R, HAEMN Fel*[Fe?*Fe’*10s. BANMMSH 32
AN 0%, 84 Fe? Ll 16 A~ Fed*, b, OZESirHEsl, Tk 64 4~ DY IHfAa]
32 A NTHARFIBR, —221) Fe3*NIALF OZ 1 DY M [aI B, 1T Fe* AL A2 (1
Fe3*MIALT OZ [y N4 (A1 BR rr,  BEAN G5 H4) b DY 14N )T 1 DA — 5 1) 7 Ik 4
M WK 1-4 Fs. FesOs HIk& W HUN: a=b=c=8.396 nm, J& 3277 fh &

B 1-4 FesOa &4 45 14
Fig.1-4 The crystal structure of FesOas

1.3.2 Fe3O4 94K Tk %1 & J5 5

HAT, #18& ROF ARSI — a2, 0 Herky DL AR SE 1 =i ) FesOa oK TRL
[ SCHRRIRE D2 AR 2 o AR5 2 i [ 148 1) 46 FesOu ZHRATRL LLICHY WL IR J LR 7V«
Ao PO LR IR BUEE AR, Wk 1-1 P
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R 1-1 FesOa G4 K BIURL IR 1) 2 J7 7%
Table 1-1 Synthesis methods of FesO4 NPs

Jii% R A 22 3k
S i AR e 1l 4615 2 1K) FesOa BIURL 4G i S
AT RS FTREVERER s, (BRI TR AT AE VAR A R R [22-24]

B LUACTRT o, [ROBLAGAHIRAT, AN, L 2iHE
HL & T RIS A=, e R 2 2 43l B

HPTiEE S AR PR ARG X R AR I RS RIS [25, 26]
RIS, AN 5 A5 RT3 B H A8 )
FesOs GHAKIIRL o
13301 FesOa PIKRTRL K 2 BN BROIR FLRLAZ 3

WABE A TEAII DL B R L. (HLA5 TR, [27]
TS 0 A TR 1) 27 2 52 SR K5
ZITE AT BRI, OO T RIS Tk A 77, W]
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B TR 4 R S k), S50 s L B A i 5 5
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