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Fig.1 Schematic diagram of three common core—shell

structures
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Table 1 Summary table of various core—shell structure nanoparticles
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Fig.2 Schematic diagram of two common yolk—shell
structures
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Table 2 Summary table of various yolk—shell structure nanoparticles
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Fig. 3 Schematic diagram of two common dumbbell

structure

E3 mHMELNE SRS E

1.3.1 PRk bR

DI e B fea Fa o S R A B S
LI NI L 2 P i L TR A AR A T
AR R, AR R, H AT

B4 RO W VR A R b S BT A 4 A Y
2 T W RIURL Bt 4 - R I AL 2 AR AR K A
B T ZAHE Au-Fe,C 4K ik | Ag-CoFe,0, 4
KR ) FePt-Fe,O, 40 K Wik: ™ 25 JLFF, LU
Au-Fe,O, 41K Pk fic oy #8124 Au 5 Fe,O, ) Ft1H]
DAWE A 285 F 74 F 5, A L B) A L P B (A Au 3%
A 5 B8 TR LR B AR LTS, 1T Fe, O, 4K SURL ) 1
FIREAL SR AR R . A, FIH Au 5555k
(A AH AR B A S 1 A 031 B e 4 oK B
KB, TERI BRI ER RS A DU B
BAREBEAMESR S AF S 7, i H AT DLSE S [n)
FENL T

TR U 55 4 R - P T A2 4 ) 90 K R R £ 7 %
IrEARLA AR 7 g T, B TR
FHEH 53180 14340 J R (v 2 ok FH K Rk ) 4587 B
T3 28 BT A 8] 7 . 5 AN [v) 2K 780 1% 1 R, 5% 4
J& -G PE AR MR B PERE W& ik S N T
UL 3.
1.3.2  ZPkigk ok

ISR TF o RS 1 g v R b RUTY T N



*376+ EMUFESEYWIRHR

Prog. Biochem. Biophys. 2020; 47 (3

A AE A — kLA 8 2R 5 (SR
B ) AT (A IG5 5 R AN K T . T X R 2 R AN
BERy B E R R, A E 2R
1], BEmRR B MR R AR £ J7 PR RE .

EZ2 IR VA g || Ry VAR S v e )
& Au- (Fe,0,) , 161K 45 14 4 oK i kr %) | FePt-
(Fe,0,) ALMREEHI UK FORE ™ | Ni-(Pt)  fEIREEH
YR oK R ™ AE LS L R Au g oK B0RL BE 18 (8
20 nm ¥ Bl N A 2GR TR R IR, Xie 55 ™) LU
Au-(Fe,0,) s 10K 45 K4 40 K JTURA 2 T 0] LA i 9
RN E TG B EN R (MMP) FE55PEROE Y
FEARE . A EL TIOR3 /R, Au gkt
K 5 T 5HEAN AR . Kk, kb & Ese
()5 55 2 BHAS Au R BORLAE SRy 2 B KR AR A4 1N
. K42 <20 nm 1Y Fe,O, 40K ks (1) 24, A

AT BT A FETE Au b BB A5, 1T ELAT 5 L 1A
AT B 7E Au IR 2GR IE BN . SR, PR
Kif) Au-Fe,0, L AEFHINT Au 5 Fe,0, F ifii kb A #5 H%
B, X Au 2R KD gE AR I I BE A BR . 24
Fe,O, JiUkr (1) 3% H2 REFHL T 5 3L 7 Au [ 2T 7
Rl A BURL R B R RS M, AT B KRR
BE FRIAT AufERBEKBITTIEE . 454 Fe,0,
WORLAE A MRLIESEFIIVER, Xl Au-(Fe,0,) 18
AT LA ab S B AR BASORG 112 W e 96 S 722 A
ijlﬁ [82] )

ZRTHIE L, BRI 2 PR 5t 48 -
WEPEWEAS S5 KA BT, HoVERE L il 28 7k
5N RT3

ANTR) S SR SRR R AR SR () 2L T RE . S5
FRN T AT A TR 4

Table 3 Summary table of various dumbbell structure nanoparticles
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Table 4 Nanoparticles with different heterostructures
R4 TEFREHEIAR L
TR
2 AL Dt R MR H ‘J M e A BRIV KT
PR (L]
Msesity  BAMERZ-STE R R AERAA WrERe B EREVESURITERIIATE R R 1R, B AR i AEMEEE . ReEAEAL
SR A-HiE T bty TNERE 93/ 53 4 B RO A Sk B B
EH TR M) MR- Bt 4 e e JaEAERE WivERE  BiERZ I, s e 2y ) AR
Bt & E - AL TERE TETERE W5 Ak 5t 4 A% R B LA i b, IR A AR A A REUR AL

EOEZEs

WpRe St SRR OLSAMERT. MEACYERT WETERE

Feft T B EARIRR, ERAF DRy T AR, BRI

2 EYMEFNA

SR ASH R AR BOR BAT FR I S S 0, %
JeAR . EE-TTAN . MERREE K, ARG A S
T PR ER L L GARIORL AP . S A TR A A
[ AR A R ST, ASRE 52 B ZH 8] f) b ] 484 A
MR TSRO TR E Y BRI, X

IRALIREL | B UGARET FIAR e R T 42 R 2 A
ES VR
21 kLR

LI — RS A8 AT R s 2 B AR Y T )
RERY—JpPE, R T a2 W 2 I E AR N i 1%
ROR . RSSO . B BB TR
BT HR R EAT E AR . A [RIZE Y 54 s - P S+

S Il S B A A AR R 2 TR ST —

JRESHGAKRA BAELSF— AR B S5 T3R5,

Table 5 Noble metal-magnetic nanomaterials in diagnosis and treatment integrated probe application
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Fig. 4 Fe,0,@Au NPs as an theranostics probe'
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Fig. 5 Schematic illustration for the design of Au—Fe,C dumbbell-like NPs as a tri-modality imaging probe
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Biomedical Applications of Noble Metal-Magnetic Heterogeneous
Nanoparticles’
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Zhejiang University of Technology, Hangzhou 310014, China;
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Abstract Heterostructure nanoparticles (NPs) which are composed of different ingredients, appear multiple
performances that induced by each component. It is also possible to produce new properties that are not available
for single-component particles, due to the mutual coupling between different components. As a result,
heterostructure NPs have attracted extensive attention in the field of chemical engineering, biomedicine, and
energy catalysis. Due to the special optical properties and catalytic activity of noble metals, and the excellent
magnetic properties of magnetic nanoparticles, noble metal-magnetic heterogeneous nanoparticles have attracted
much attention from researchers. These nanomaterials combine the excellent properties of the two materials and
exhibit different properties through different heterostructures. In this review, noble metal-magnetic heterogeneous
nanomaterials were classified into core-shell structure, yolk-shell structure, and dumbbell structure by their
structures, and their characteristics, preparation methods and applications were summarized. Their applications in
biomedicine, including theranostics, multimode imaging and stimuli-responsive drug carriers, were particularly
emphasized.
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