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Abstract

Nanometals have attracted the interest of many researchers due to their excellent electrical, optical,
magnetic and other properties, and their wide range of applications in catalysis, sensing, biomedi-
cine and other areas. In recent years, a variety of methods have been developed to synthesize nano-
alloys with different structures, including chemical decomposition, thermal decomposition, and ra-
diolysis. This paper reviews the recent progress of these synthesis methods with nano-alloy appli-
cations, which are important for the synthesis of bimetallic nano-alloys with controllable structure,
composition, size and morphology.
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1. 518

AR S H T RS A0SR 2 T 0N 3R B AN 8] - B P R (R B 2 e, iR SR IR AR [L], e
[2], BE2E[31SEMERR, (/3L EAT N, Wiiu[4], tREK[5], EMEIT[6]5%. ka&lEhgiks
JEAUSE SR — 80y, AR R R DL B AR K A . IR Z AT, Ak A St T
IR, FLARR 2 (B Bl A 2 P ST Bl T Aok B 15 31 S 3 5 [7]- (9] AR TE SR &R i 4 il
W), AT LASkD 0 42 R T AE, T DUR E R R MERE . A0 Au UREURL R TR, Ak
JTFHE R Z N, 2B RN 2 0. HET Au M EEEA IR, HMEE S, XX Au 7Y
FETTA BEAR AR B MR B2 tH T 23K o Li [10]58 NIESE T Au@Co X4 JE 41K fih CO S8 S A AL 280 %
T4l Au 5L Co 9Kk . IR, MEBYPKA S5 Tt FU3E Bl i 50\ 5 sk 22 1) 5T

W& BN A SR A BT LA s 8 i, IRAR[L1). BnligkE & m—ME T
(AL L) — Rl R T AL, RSP 2 (R T REAFE — B IR A . IR ITEIR 2 R R
DL, W1 Au-Pd [12], Pt-Co[13], Au-Ag[14]1%F. SRMAKEG &2 AMERE E F Rz, A
FEA KR A e B — AR A S T R R A A . — T IR I R AR R A S A K VA R A
R4 JB UK A, PRI FIRINEIS A P17 FAKB . GeREF-FIREE T AR5 7 57 AH %
AAKI T . £ AR, @l 6s) /= MRS 50T LR R R T A KA, AR
b3 o A0SR T () L RAZ R AR, ARG Al b 1) 46 HE R S5 4K & &2 [15] - TR BIGR & G2 TR Pifh 4
JBIEF I ENRAEY), FTUURE FREERAEY, W LR ER . RERYKEETETZ
it £ 7 015 WA A 908 R A RvE G — R A Bi-Pd & J& IRIAL A P[16], B WF 7035 R /K AH
B BRI LB AR A R S H A S UK RBAIR[17]. 58 LA M T REBIKE &4 ienT LR AE
AR, R — IR AT Ag@Ge T guk Bk iT LU Sy Ag-Ge i 45 #4[ 18]

HRIEGE—F, KRS SUTLE T 2GRS . NERAKE E(AmBn)#I R ~F[19] (m
+ n) A5 [20] (min)Ek 2 B/ # AT LAAR . IR RAN A-B 23 RS BUR & 72 B2 T AR B T A2 s A AR ) 7 i
NG (FFEIRRAL IR R A1), H Al O IF & H 2 FhJE TR 1 5 0ok A R SRR T 45 1)
YpRES, SRR [21], M R[22], RIS AR[23]5F J5 ik . AR SCLRR T 9KE G 1A T 12 R
PRk E , WA A AT, 4R, RSN B ok & A A BEE .

2. MAEASHEMSE
21 WELRE

M I TR G R AE 2R TR R 7 (A e I i e R T e o ) 2R 5 TRCAR (B0 2R LA ML % A2 L, PVP)
FAAERITEOL T, RSV MR AEE 2 P51 A < R A3 T 7 RS 1 < WOk [24] o BRI DN 4 T S PR AT AR AR AT A 27
S = N RO TTREME, X5V O fo B A B T R o T AR R i A R AN S A E A T AT
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PEERAFSHRANR G E. W 1 [25]2F AR = s e R £ T SIS Ni A Ag
BT AR NIAQ X & A% Se AR BRI DAL ANTE 2, SRAS IR R 9 11 nm A, HAd kL)
FERPART R AEER PR URL A+ %, Bos 18R - SRIEGYUORTURLAEAL R PR W A o A BE 78 A A
Cu {EIE TG AT A ALSA EE KoPtCly, Az plt— M X0 <e: J #11 - A AoKITRL, Gl 2 [26] s & U g KoL 1
B REE Sy, H A st @&, K/NE 15 2 25nm Z[A], PEREF, EMIROR. XF 55N
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Figure 1. Distribution of elements in AgNiNPs, (a) HR-SEM image; (b) Ni distribution; (c) Ag distribution, and (d) Ni and
Ag distribution [25]
[ 1. AgNiNPs FRTEHI53 7, (a) HR-SEM Elf%; (b) Ni 5375; (c) Ag 9346, LAK(d) Ni, Ag 43%5[25]
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Figure 2. (a) HRTEM image of PtCul at magnification; (b) representative lattice fringes at magnification, and (c) determina-
tion of planar spacing using plotted profiles [26]

[E 2. (a) PtCul BEMAEERTH HRTEM Elfg; (b) WEMABERTHRRMRRFZY, URCERLEREHE
H B FEES[26]

A, B E IR S A PVP 1 LRV H B ik J5 Pt(acac). A1 Ni(ac)z+4H20 1fi &% T NiPt 1%
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FEAUKIURL[27]. %] 3 fras, & BUIARKEURL T3 R <F 5.3nm, HAADF-STEM G ANAH 1) 76 25 B A
Bon, Ni EEEARLE NP FIPEE, i Pt EEAAGE Ni B IERT, RELK T & 5% 0N E PtE/Z9
KgEir . B 3(c) it g 2K IE K 2 P8 HAADF-STEM SR 1 Y i 037 75 (FCC) (112) i 2.1 A 7y
mis IS, HBAGERAGENAL, FE—DUESE T AR AR . RHUBLE) NiPt 49K & 430171 HAADF-
STEM ZHHfi 27, NP USRS, 17 NP AZ O RIHRE B RR, X — PR NiPt 90K & STk
TRSEER(E 3(d)). FEMERELN 1.0~1.2 nm, 4T 4 4~5 MAETE. il KR Pt(acac),
Ni(ac)z-4H20 [ E B PR FF FoAth S B S ECANAR, & % T AN [F] Ni/Pt BE R EE (1) NiPt #% 5% NPs . Fifi % 85 BE /R
Fsn, 40K& S0P RSE A 4.2 PRI HaE ] 7.8 nm, 1 NPs FIRARGFEABRE . A Rk
TR % 30 484 558 1) AU S R R ARV MR RN G R R e 1, S B T AR D i s S B RE R 4 el
AR AL AR R B A T — Pl 7 5 R S
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Figure 3. (a) TEM image and histogram of its size distribution (inserted graph); (b) HAADF-STEM image and corresponding
elemental mapping; (c) Aberration-corrected high-resolution HAADF-STEM image. The yellow highlighted area shows the
lattice spacing of Nil.1Pt (111); (d) EDS line scan [27]

[ 3. (a) TEM Bl RERT 2 E S E(ENNER); (b) HAADF-STEM B FERAITEMRST; () BERENS
¥#% HAADF-STEM Elf%. EESEXIGE/R Nil.1Pt (111)AI&8EEE; (d) EDS Zi3##[27]

2.2. B

Gy FRFE TR BB PR B R DL b S 0 R O TE IR A R O R R A A, BT IRAR P LR A
R G Z G R ARG [28]. AHLE @GP A2 34T = B 73 B K i I 22 LR A%
TG fAE 0 I R A — PR 73 g O i SRR I SR A BB 0 - R S kA (A1 AR . LR 2011 SRR I A3 U FH X4
J& B BT HX AR [M(NHs)a] [Co(C204)2(H20),]-2H20 (M = Pd, Pt)7E 200~600°C [ & S B A S SR P A il —
UMEA T CoPd Hil CoPt RGN K A 42[29] 1M 56T BH B8 1 X4 & B JE [ e oy R BT R 9K & 4
LA S e T R SRAA LR, G B 4(a) T N[NEts] [FeCos(CO) 1] 3o T 1) FeCos 4K & 42, 41 4(b)
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AR St N NI T, RS, [ NI E]) [NMes], [FeNis(CO)1s] 3o il FE B IF) FeNig, X3 B4 %,
{1 49 K SORE P A, 27 R B S i A A P SR e 58 1), TS o B At e B 2% A R g 1, 1T DA HH 4 KA
KL R BRIY, P38 EAR R G JE o i 5o R B ok A, S AR FE ATIC AR R AL, 3% T 3RAS- 40 oK ks
RN TR B BAE W .. X PR T T CAFENEE - SBBMNRE N, XU
BET TR AR R R OCR 2 MR - SEENRE, RENE S0 BRI B/ #UI1[30]
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Figure 4. typical TEM images and size distributions of (a) FeCos and (b) FeNis nanoparticles synthesized by thermal decom-
position of [NEt4] [FeCo3(CO)12] and [NMea4]2 [FeNis(CO)1s], respectively, with a scale bar of 100 nm in the figure [30]

& 4. 4> B5E i #4> RRINEt4] [FeCos(CO)12] A [NMea]2 [FeNis(CO)13] & A (a) FeCos and (b) FeNia ZhK Bk B4 8) TEM
E%MR~T 5%, EFFRR 100 nm [30]
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Figure 5. (a) XRD pattern of Rh-Pt solid solution obtained after sintering under helium; (b) XRD pattern of Rh-Pt solid solution
obtained after sintering under oxygen [31]
5. (1) A TREEFS Rh-Pt EAHRE) XRD BE; (b) ESTREFFTS Rh-Pt BRI XRD E[31]
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Figure 6. (A) TEM image of the porous NixPt1-x alloy formation process (scale bar: 100 nm); (B) Schematic representation
of the formation of porous NixPt1-x alloy particles by an aerosol-assisted process; (a) aerosol droplets of precursors produced
by an atomization process; (b) thermal decomposition to form nucleated NixPt1-x nanoclusters; (c) particle growth and aggre-
gation to form nanocrystals; (d) pyrolytic reduction to form porous NixPt1-x alloy nanoparticles, and (e) final porous NixPt1-
x alloy particles; (C) (a) HR-TEM and (b) STEM images of porous NixPt1-x alloy; (c) Elemental mapping: all elements, Ni,
Pt, and C (scale bar: 100 nm) [32]

E 6. (A) Z7L NixPtix &EFRITIEN TEM BR(EEHIR: 100 nm); (B) BESARBII T EHRETL NiPtix &
EHNHREE; () BEESCIZAEMNAIRASIBRIERE; (b) A7 NPt KERE; () BRE
KEEERPKRME; ) AFEERERTK LT NiPtx EEPHKRER; () REMBTL NikPuxFEFTR; (C) () L
NixPtix & &H) HR-TEM F(b) STEM [Elf%; (c) TEEIE: FiBTE. R, $AF0 C (ELBIR: 100 nm) [32]

O R SR RIS T 346 48 P4 2 5o A o A 0 4 S [ R SF P AR AR R . Bl 5 BT R [R)— i Bk
Moy BITE (a) 2 SR (0) 58S #A R J5 BT TE BP0 XRD BIR% . 7RSSR 20 A5 Bk R X G 267 it
RIE D 0 B0 T AR 0 K SORE 1 B S S o SO D 9 B8 % B 6 Ja TS 1y RS 30/ N (P S A T U X380 2~3
nm). Tf7E Oz H 43 A5 2 B [ A =0 XRD Bk o 48 [, % RF 25~35 nm iR . AR R~ 22
SRR, AR R, IX TR A A SRR T BT I R (RSO BT PR Rk A3 BB R [31].

PO TR R R 2 FLEE MR Ak A 4. 1R 6 BT N2 FL NikPtiw K& SRR R 2, TEM
B ARIAR B 1) 2 R R T A B2 B RS RN AR XGRS 1 2 L NixPlox A S B0RL 1 25 FITE ST . 1
g, RIBBERTIRAALE AL R IRAE (5 6(A). [ 6(B)-(a)), it # iR BURAZ K NixPtL-x 24k B1#% (1]
6(A) & 6(B)-(b)), TEH NixPtiy % A TE BBt FE ) NixPt. & & 490K d k(5 6(A). Kl 6(B)-(c)). BES,
XL S A B ARG HL2 T (CO. CHO. CO Bk Ho)ilt J5i &8 & 4, A BRI g Kb T - B
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HaMEHE 6(A). Kl 6(B)-(d)). f)E, NixPtux &4 - BRE SARIREEAEK, TR R 1 ARAR 2 FL I 2% (]
6(A)~ [ 6(B)-(e)) o BV H T BRI B ARE 22 7E 0 SR8 Pl e 45 3 F2(550°C 5 30 434 ) ik — 5 Bk S .
K 6(C) 4 5l B T il HR-TEM A1 STEM-EDS 3R39 NixPtl-x & 40 7 HE G A RE it . 14 6(C)-(a)
#] HR-TEM EUR IR, TEFS A1 S0 I BIAE L (5 Sk FTn) % BT FHAIZ 22 A K i A (R [ P ) 26
(% FLkE, HERZN 3~5 nm. REIE(T R 1(C)-(c)BRIITT RGN, M)A L ALK Th 575
i, WESE T 29l NixPtix B4 - BRE S M BN R[32] . X FhHA A IR 13 10 22 FLES KAk & T 4 F TR
B, Ho i fE. UL A5 2 AN

2.3. B R

RS R RAR RO R,y AR, X ARSI S ), i B A o AR, AR L
VIR, 3 R AR AE T 57 P B R0 o & JE BH B8 1, AT A2 R K ABURL [33] 0 T8 79 i 4 Je8 PRI /K VA VA T i i
IYFRES, PSR, (HAZFCELA SRR 1T I T 58 565 4 AR 2 o b & IR AE R AR B
B[ TR RS 2R DA 5 & S B IO AT (R O AT AR ) M R S5 (23] VAR AR — PP A0 R 4 B T AR
FSCER 4 R AR 4 R I U < SR AR B T, T2 T A i Ag-Awu [34]. Pt-Ag [35] Pd-Au [36]. Pt-Au [37]
RuU-Pt [38] 64K G 4o $RMT A =S5 M SIEFIME R B VIA DG . Q] 7 B HAES 5 e A U 1
B Au@Pd A% e g5, IMAERIRERIZ&AE T, R & 2 Pd-Au & &R, fErERE 1, RITEN
T3 A0 HE R T B RIAZ 5 99 K 45 A 2 B0 M e 1) PR R AT M A e e ME[36] . S A IR IX R P M A M S TR
FIPE BT AR G, AHEASAE R & BUR 78 25 F 4R K R0RE A 7T e o

*
Cu ‘ | Au a1
-
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Figure 7. High-resolution TEM images (a and b) and EDS analysis (al-a3) of Pd-Au nanostructures formed in a hexagonal
mesophase showing a number of pure Au particles (al) and bimetallic nanostructures with Au-rich cores (a2) and outer shells
formed by Pd (a3) (* Au peaks, ® Pd peaks and ¥ Br peaks). Figure 3b is an enlarged view of the selected region in Figure
3a showing the Pd-rich outer shell of the Pd-Au particles and their FFT patterns [36]

7. ERFHEP AT SMKREMIE 7 #E TEM Elf(a 7 b)F1 EDS 734fr(al-a3) B /R 7 —LE 4L & Fihi(al)Fn
WE BN, EPZLEEE(@2), AL @E)FM(* Au g, o PAdIEFY Brif). B b ZE a HATEXIE A
KE, E7R7T Pd-AutiFES Pd B95NT R H FFT EIH[36]
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3. MKREESHETENA
3.1 UM

4 R FRTR (e A ) mT DR 3o e (R TR s O i T AR ) SR X AR R B, 70 46 i R R 4 S 7
WG, HRTAK A G E MR A ST 51 35 K5 OV [39]-[41] o FEMEALAIIE, AN [RIAH 4R )5 7 1 AH B 520
Al RS B4 AN [RGB R S AF) M EAAT Dy, BOWERE] “PRRZN.” o i, Barrabés N [42]55 A
% T ZMAFEDEEIETER CoAu 9K G4, ARG & FMETE CeO2 5, BFFT T HAE CO AL T B AL I
e, il 8 FvR . TERRIIIR VSN, B fi A0 R a2 B0 A R a3, (HAE 175°C LA B H B0 T BH &
(1% 5% . CoAu Acetone 1 DCM AL & Ry, HLBEIR B TH Mg i, 1 CoAu Acetonitrile F1 Au f#
A 37 B3 P U LE 200°C I 35 B THIE o

80
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Figure 8. catalytic activity of nanocluster catalysts in CO oxidation [42]

& 8. REAFEENTIE CO RUPRIBEILIEME[42]

3.2. tRRENM

W mAIK A, AR 5T B UM E 2% DR PR s TARIRAE . MR RBUZ AN
TR IR L PNV I B RUOTR 2 —[43]-[45] . AnTEHS SnO, HIME ML IEARIN, % RuCu &-&90 Kk 112
Wi, ATAEAS AR R B RIESR &, (RN B — € R B 1 RE R AR 2 VR [46] . BEAME BIF TT & 12 2 T
TG XA BT AR FI & e 2 A a4 NPs. BT T & RN PdAU & S 40KBRL 5 S0
FEAFR, RBUEGIREEY 400%HT, U@ R B RAS 2] 7], X0 T4 mdk TR R0 ) S A% K
A T R R B ([47].

33. ¥YEFZNH

T4 J@ g KA RHE A2 W e 2 N FH 7 T KA 7T 9[48]-[501. M TAEM R g ARw E A%, kx4 vkt
B E AR A o BRH MAPR A B BH AR s E R E M S, I BRI E 5 T, A
FEAE A ER . X LA, RERACKIRLR T R AR TS, B 2 IhRERE N 4
B G K O B3 A AR IR 2 B FH o G OK ORE B TP BRI R L AR VAT L AR 12 WA 2k 5
U - B4R a8 AR UKL AT 55 T 45 A0 A 0 P 4R 5 23 BT 152 4% (AnPAD) A 46 & T A6 U 45 4% 70 BT B
[61]. dt4h, BEA®EETFE(Z) 78R Ru XS &8 49 KB (R SO ET 99K BTRL,  RuCu NPs) 1 g —F g 2
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JBU B RRI[52], AT R AURR ) A AR i A AR A SRR VS T, AT SRR AL T B AR (1 A
ES
4. BRERE

WG JB KA 4 el — B2t SR R N I TN SR R BOGER (R T A8 . AL LRIR T WA B AR A
S i — S R R RO R, BRI R RO R R RS . BRI AT DR R B
AR GERZE. RRSH . SREAGYIEEE). Al RTFESR NSRBI E 4.

RENERAKE &M EROETE TIRKREE R, EAFEE— SR 8, ™ EES T X —f
R AR — 2D R &, SIS T BMEFATRAR N M . H v 5 ELB A 1D 1) 02— 0 X e 40 K i
FAZ AR KA — MR AR . TESEBR G R, B TA RO FR o R & s I 1038 2 A SR AR X ARSI,
R E L EMR IR AR, 2N T YK B, SR, TR S5 NCs 4451
FPEREZ B MIOR R, T280 SAZ A A K ML R, SEBr R IEw mE, X MBS RN, A
TSR THAE )& NCs 1AM i £ NCs 1 H Fr o

S—J7 M, TR B AUK AR R AR, K S AR B A T . B
(A2, R H TR 2 B0 A ] % v ot B A R4 B0 43 OV 1R 0L JB oK T T B A SRR B e D, (REAT]
B2 T BB R FRA R E R IR Y, BEALES sk R s ke i o BRIk — 30 R AR AR,
KA A= AN KSR ) 7 15 A B e AN A
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