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2 % F7I8ul FREEE wiAddX 2549 I vk nIRAE RS AR Wl Hel dTeisiet
294 FF v v3AE-S AlEEA49A) (sodium bis(2-ethyl hexyl)-sulfosuccinate, NaASTRES S 223 2 4
Aol F49 Z, HAUCL, AgNQs, Cu(NQ),S ARgsle] a9 248 2dsle] £33k ¥ sodium borohydride
(NaBH,)= 1417 A4J8kiet. Au/Ag, Au/Cudts vi= mldate] 2402 1.3, 1:1, 3:¢] B2 WsA)7wA &
A33l5ie}. UVIVisible, TEM, XPSE AR&-3te] 3Ha vi= mlgiale] 548 24500 Au/Cudha vi= misiate] &
93 FE et 22 A A 3 520 nnell A =gk ele] 29 3 542l 570 nbA] Al
Mo Wallal, Au/Ag 3 v rEAbE gk 20 HEE 3l 405 nnell A 428k E2 7392l 520 nm
7P Aoz Weigle. 3 v mIRiAle] Audf, Ag3d, Cu2pddake] 7 ollvzli= 3hae] 24 wlgel et 2
2 et AR v vRARE WS- Fskar A7 g El EAbelE fAlEivt. of=lgh Ak
& Aol ARgEE WS Aol v nIRiALE ek el bl Wb oAl Ale e

FHol: =R, w7, F e v A

ABSTRACT. In this study, a new method is presented to produce stable hydrophobic metal alloy nanocluster in chlo-
roform solution including surfactant NaAOT(sodium bis(2-ethylhexyl)-sulfosuccinate) via the chemical reduction of
metal salt (HAUCl AgNG;, Cu(NQ),) by sodium borohydride. For the alloy nanocluster, several samples were prepared
by changing the molar ratio of Au/Cu, Au/Ag alloy nanocluster, 3:1, 1:1, 1:3. The alloy nanoclusters were characterized
by UV-Visible spectrophotometer, TEM(Transmission Electron Microscope), and XPS(X-ray Photoelectron Spec-
trometer). With the change of the mole ratio of the alloy component, the wavelengths of the surface plasmon absorption
shift linearly from 520 nm of the pure Au nanocluster to 570 nm of the pure Cu nanocluster for Au/Cu alloy nanoclusters
and from 405 nm to 520 nm for Au/Ag alloy nanoclusters. The chemical shifts of the Au4f, Ag3d, Cu2p XPS peaks were
observed with changing the molar ratio of the alloy element. The alloy nanoclusters in chloroform solution were made uni-
formly in size and colloidally stable for long periods of time. These results indicate that the method here is a very effective
method for synthesizing hydrophobic alloy nanoclusters with uniform or nearly uniform particle size distribution.

Key words: Au/Ag, Au/Cu, Alloy Nanocluster

—315—-



316 Al -

M B

A spk Fol| A v msake] ER)A, sk &
Aol wg A AlAA] A A B drrt
A3 =] g} v vl A Y Rkel dEA) ALl
o] Heo| Ae|l2A] A Ak} dEAlels A o
=3 BAE veh, 349 A% rlgiAle] =2
717} v v A He kA Z27] 4 23 (quantum
size confinement effeet) 23 A1) A FHA]HA <3S
ANA Fm T F5 o] viehdeltT ofdl A
= 34 v vR 3 54 AT dEksle g
oulsle, 3t T F o elA =2 BEA uAd
335 whE 7hE AE Ve 7] wiel] B8t Atz
A ARSI w2 AT Al AL gl

v nALE weksl AR AME] siae o
= NIRRT} 28] Al Zv)] o Eslng gt =
719} Bekd 2t 2u-AE e Gt AdE
ofof g}, F4r vl WIALE A EE WL o 7]
A e, A7) s, 23 9, w4 F%
59 g wherst uhgEe] ¥ aE 3 9lon), o]
B2 A Aol Qe g4 v g}
o] FsbA wAly EAolv} Fu| B4 58 A3
984 Langmuir-Blodgete} ==} 7.2 24 1} 1]g]
Az} A wR £33 A wetke] Alzs) $olsfok
sp 3} o] & mHAL} vheFsl Sullo| A A FAke]
Eojof g}, U= kg AFZs)] SlEjre A
L of|A] A A= oo} 317] wfol| T 1= Y
A} o] AgAdolofof dhv}, wEdE F4 v m[gYA)
E o]&dle] EARS A T A7) 27 FA
o o uvpehg AlxsAV A B2 3 Ve
A HAES AR A-lle a4 2364dA 2
& v njHANE A oF gk g4 v nIEANE
o]-&-3lo] Alx¥ wptteu} AT, 1|3 v EA 3
FEe| B2 75 v n]3Re] 279} 2719 7Y
Aol elEsA e

dnb o g F&o] 100 AHY) zfelx)m Ad Y=}
A e} S o] 27 olxlv}, o] wgt A v
AL A B vpie wig Al AelelA s FAE F
Zedxbe 2t} B3} gAto] o] folghE onlgh

o

o734 .

ool - A

»

mlRAhe] Pl sk Bl Mol AT AL B
Sk 22 Teh ) g E S 2 vkt 240 AU/
Cu, AulAg T vh= mI=IAe] el g A A3
= A9 WA k3 e

T b v YA 2R S ek ol
7, 7o) U e FEE] HAHOR A
3 gk, olela FEHEE B oM B E
W 39§ U] gEels. 53 7, 2,
o] v mIRA Belo] Ag] ARSksIA) gor, Bel
Aoz} Ao Qpga] uie] 7bg HaAo
R N

ol A SHIAE 7hste] Ak A v
vzt =7) ¢k wokS TEMO R 2436153, XPSE
o]-g3le] g = nH A A8} A EEE FA 3l
T AN G55 Eelslz ] A= AAtsly
vh. 3, AR A AR B E o Sske] 3 v
1o wlRRje] eAdof| v 3 3 {5 SAS Eslsie

Alof A 217]

PR 7 b A Bl SekaE FE 5
A38)7] Y5led Hewlett Packard] HP 8453 UV-Visible
Spectrometég A2-319137. v ALe] =17) 2} kS
Z3}7] 918l JEOLALS] JEM-2000F X Il Transmission
Electron Microscopg A48l c}. 18]35 VG Scientific
A}e] ESCALAB 220i X-Ray Photoelectron Spectromgter
Abgate] B YA ARsh 2L AL,

F492 HAUCL - 4H,0, AgNO:2F Cu(NQy), - 3H0
£ AA A ¢ a2 ARgstelon, Sl ARgst
FEREEY A4 4E2 A7 Jat £ A3
MERCKARS] 35X 2| ok A glo] ARg-3isict.
d#el sodium borohydride(NaBft= KANTO Chemical
ARAES, 2] 3z Al E3AIQ] sodium bis(2-ethylhexyl)-
sulfosuccinate(NaAOT, AerosolOT, Q@H,):CH(CHs)-
CHOCCHCH(SQNa)CQCH,CHs)):= BODAR] A&
= ARgsliet. Al g A o] GEF o] &-& 4ol 2o

uleby g ez A Ak Aol S48 ¢
= 249 3% Ve n AL Aol M= el A
3t % ¢le}. Cu/Pd, Cu/Pt, Sn/AGIA]E T3 v

2 wgslr] $)8 AldrichAl2] protonated strong cation
resirg} weakly acid macroporous cation exchange resin

& Abgiee,

Journal of the Korean Chemical Society



AulCu, AWAgEE v TIRbe] ) 4ab 4 317

Au/Cu &3F Lt

C. Fans22 ZAA| 2 CTAB(hexadecyl trimethyl
ammonium bromidég ©]-g-3le] S22 I E GoloA
9| v vIRAE i & dTelM = CTAB
£ Aol 2 v nldAe] B4E Amsgot
U AYTE BIY Gl ANBYAE 3,

=4 B3} 7Ls} A3 A& Bl Lol Al A
A2 geA
sulfosuccinatej v}t A& slict.

AEEAgA ¢l NaAOR] ¥ =2 2X102 ME T A)H
FREZZ 5| EslA] AT} HAUCL - 4H02} Cu(NQy), -
3HOZ 2epe| ollshge] SallA7) S Axslet,
ojdf Tl AAFEE 7X107 M| HEF A3}
A FAEIE. gl F4 Au, AgH Cuz2]3 Augt
Cuw Bu]$-8 311, 111, 1.2 7 W3lr#A AOTS Z37
3 F22IE §o] FEgol ST b AL
27 e 819419 NaBHE of|ehgo] &54A &

8 49 10 MK 04 mE FYeh 2252 )
Hem A ankA7EAs NaBH47]- 2% ot
& 40 ANele] 34 gol g BN,

Au/Ag EE U

7} 22] 7ol = AUCE] 3 349 2]
Az 7 2L A FFEEA LE divskd
HAUCL®] 94 &o]&(Clht = °‘:°]—°—(Ag+)0] AgCl
o] e = A7) el web F-2 HAuCL ¥
el7} obd B2 el &, Au(AOT):2 Zlike— A7 oL
3}, Au(AOT)e= olell¢l 7k uhg o= A)zslgich.
NaAOTE ek Hslo] shest & 112 4o &
Hol 314732, HAUCL - 4HO% o5&} B8 1:12
e g FAE FEFl &L fol g0

O|2IXle| &M

DIExte| &y

23517] 918 NaAO™| 498 protonated strong cation
resird} weakly acid macroporous cation exchange resin

o AR AR F FEel S 2 SN
Aok F23] 92 AR Fofl o] E3F S &
A3) T o] ofebE-& ARE-sle] o2 W &
u] X FhE AA7P FUAZIE o]d i Flede] &
#Jo] Au(AOT)°le}. 4% Au(AOT)sE HAUCLH 4l
o] ARg3le}. o] 3%l Au(AOT):2t AgNOs= Au/Cu
o ¥ W T3 v S AHEske] Au/Ag &
= e w[EAE sk oW =AW Au/Cwst
T 31, 101, 1:8] FHE FF v vEEAE
skt

2003 Vol. 47, No. 4

3]+ NaAOT(sodium bis(2-ethylhexyl)-

g3 L OlEXle] 54
%J EJ:L v mgzte] ¥ 3§ 4
0-800 nmibd H 12l 7RA3Al oJellA Falle
”1, Z2RA) 8 47)= Zo)7} 10mnel quartz cel- Ak
43lgv). uiekA 2 SRR TS NaAOTE AH7)3h
|N5 Abgslsi
TEM 244 293 A9 Fule w3t 3bd &
be] 915131 copper gridd7d el 3mmA =] U
£ F& e nEApL BAN SRR S B

—1
=
4%

oA A7) Fao] YIS 3 F 3] FolA
fule) SRR ERS YA 2UAN F 2Askin

Hzml o] 2o 7l 30 kvo|9 32, 7] o
o5t AlE AR rHd RS =] $)Eke] QA
A4 T M FA 39w

XPS?] 3= 1X 10°~5x 10 torre] ZA-F Ael
BZ F7] FoA] oA Tl 2 FAY B EE
2 7e] ZEEG, XAl A4 250 V\P]_L e Al
Ko 1486.6 V& Ak&slsie}. 3ha vhe m]gl ) sd]|
EAse Am Al 3] FollM vz}% BrEE
AAB] $18le] ol Lol 227 52 Fw-& 2t
Fof| ZAsdvt. XPSE ZAs] $13le] 4uljel 22
EXTE FAA v ngAt 253 S E A
o|A] XPSA|E A A=A A B2 Al 2431
o #Ae] F< ouR)= Cls 284.60.2 eVE 7150

2 2394,

<2
—_

aL
[}

Voo

it

a3 ug

Au/Cu &2 Ltz O|&x}
FREEFE §o2 AHESle] 3R AuCu b=
IR *ﬂfﬁug Fig. 1o vieh
: Heplo)3 43l 729
A AE =S vepieh ®9 3Y F5e] #H)
o %" wjde] 28 gl e epA B
TG ol 2 Aoz o) FEA =
o g *JEHEI F v mEA EAbe g
520 nnel|~], 727k Eabel GH2 574 nmllA] H
2t %7&51~1’%l 23} F2)e) & ulge] 31,
111, 13 FF Vb= niAr) 2akel ge| He) F
g 2l 520 nnﬂ 574 nmALololl M AlgiA o
o) E3tc}. 12) T o] 5 B-Se)o] meFo] wlt) A
fris A7 ) A Atolo] w7k Aol 7k s T

_4

Lolo g
1

el 9]



318 Al -

10p — Au
“ e AUICU=301
08l NN AwcunT
N

06

04}

Absorbance

021

00}

1 1 1 L

1
300 400 500 600 700 800

Wavelength (nm)
Fig. 1. UV-Visible spectra of Au/Cu alloy nanoclusters.
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Fig. 3. The size distribution of particles; Au:Cu=3:1.
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Fig. 2. TEM micrographs of Au/Cu alloy nanoclusters.
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HAE 78] veA] okar Flst ARES VER 3

=34 1=7b s 3 A4 =3 el st
AR A A RAE T4 A Sl
7] wfel| Fael A4 oF-2 AEE] odE3
. Fig. 62 37 vk n|gAke] XPS 34 7&4014.
Fig. 72| Clse-t2l% vh= At izJrE A2
Aol 71218 B-$2lole}. 7 Ao B2 E FellA )
= NaAOTllA ehasts: A3k sk ‘Rl% Bz
o7k 284.1 eVE-F20) 3L v shubs R EAT e
S+ gh4ie] Clel 71418t 288.1 eVE-$-2]E<]c}. Fg. 8
3} Fig. 9= Au/Cu 3 vi= mEiz}e] Audfe} Cu2p,
Sreolm AR 3119 AL 1:19] Ao} Y] F
43t AR A=A 2] 3118l T o7
e A skt

Au/Cu 3= Y= mlEale] XPS 24 ZA37E Table
10] veblgl o) XPS 24 A SEwEE gl
My g Fglol 719 AbskRA) ok w4 AR &
NS & 5 Ao Au/Cu 3 = U]%XMW
Audfp B8] 24 0] 31, 1B Aol &3k

2003 Vol. 47, No. 4

Intensity (arbitary units)

1000 800 600 400 200 0

Binding Energy (eV)

Fig. 6. XPS full range spectrum of the Au/Cu alloy nano-
clusters.
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Fig. 7. XPS spectrum of C1s for the aggregated alloy sam-
ples. The Cls peak is attributed to NaAOT.
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Fig. 8. XPS spectra of Au4f for the Au/Cu alloy nanoclusters.
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Fig. 9. XPS spectra of Cu2p for the Au/Cu alloy nanoclusters.
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Fig. 10. UV-Visible spectra of Au/Ag alloy nanoclusters.
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(b) Aw:Ag=1:1

(c) AwAg=1:3
Fig. 11. TEM Micrographs of Au/Ag alloy nanoclusters (a) Au:Ag=3:1 (b) Au:Ag=1:1 (c) Au:Ag=1:3.
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Fig. 12. The size distribution of particles; Au:Ag=3:1.
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Fig. 15. XPS spectra of Au4f for the Au/Ag alloy nanoclusters.
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Fig. 16. XPS spectra of Ag3d for the Au/Ag alloy nanoclusters.
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Table2. Binding energies of the Auéf Ag3d. XPS peaks

for Au/Ag alloy nanoclusters ev)
Molar ratio Audfy, Ag3ds2
Au 84.0+0.2
Au:Ag=3:1 84.0 368.0
Au:Ag=1:1 84.1 368.0
Au:Ag=1:3 84.4 368.3
Ag 368.20.2
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