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� �. ����� ����� �� ! ���" #$ %& '(�) *+, -�. /0  �1 
�234.

��� #$ %& '(�56 789�:(sodium bis(2-ethyl hexyl)-sulfosuccinate, NaAOT)) �;� ����� �

<  $=> ?, HAuCl4, AgNO3, Cu(NO3)2@ A�2� #$" B�@ BC2� D#� E sodium borohydride

(NaBH4)� F�GH #�234. Au/Ag, Au/Cu #$ %& '(�" B�6 1:3, 1:1, 3:1" IJ� K�GL8! #

�234. UV/Visible, TEM, XPS) A�2� #$ %& '(�" M�@ NO234. Au/Cu #$ %& '(�" P

8 QR S�, T�� $� UV" W�S� XY� 520 nm ! T�� �Z" P8 QR S�� 570 nm[� \]

^_� K23`, Au/Ag #$ %& '(�, T�� 6" W�S� XY� 405 nm ! T�� $" UV� 520 nm

[� \]^_� K234. #$ %& '(�" Au4f, Ag3d, Cu2p a�" �=  b�, #$" B� Jc  de f

e�g h4. #�h #$ %& '(�56 �V �i2` YGj kO� lmno) ��234. pq� r	�st

u 
� ! A�� /06 ���" #$ %& '(�) #�2,v �V w	^� /0pe` Axh4.

���: $/6, $/�Z, #$ %&'(�

ABSTRACT. In this study, a new method is presented to produce stable hydrophobic metal alloy nanocluster 

roform solution including surfactant NaAOT(sodium bis(2-ethylhexyl)-sulfosuccinate) via the chemical reducti

metal salt (HAuCl4, AgNO3, Cu(NO3)2) by sodium borohydride. For the alloy nanocluster, several samples were pre

by changing the molar ratio of Au/Cu, Au/Ag alloy nanocluster, 3:1, 1:1, 1:3. The alloy nanoclusters were charac

by UV-Visible spectrophotometer, TEM(Transmission Electron Microscope), and XPS(X-ray Photoelectron 

trometer). With the change of the mole ratio of the alloy component, the wavelengths of the surface plasmon ab

shift linearly from 520 nm of the pure Au nanocluster to 570 nm of the pure Cu nanocluster for Au/Cu alloy nanoc

and from 405 nm to 520 nm for Au/Ag alloy nanoclusters. The chemical shifts of the Au4f, Ag3d, Cu2p XPS peak

observed with changing the molar ratio of the alloy element. The alloy nanoclusters in chloroform solution were ma

formly in size and colloidally stable for long periods of time. These results indicate that the method here is a very e

method for synthesizing hydrophobic alloy nanoclusters with uniform or nearly uniform particle size distributio

Key words: Au/Ag, Au/Cu, Alloy Nanocluster
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���� �4. %& '(�, ����� �l� Ap

" ap no�! �� ��� �l��, a� 4�

{Z��^ M�@ %���, $=" UV '(�" �

�� %& '(�� �8 �� �� �= w	(quantum

size confinement effect)  "1 ��\/�G�\ ��

 ! P8 QR S� �np %��4.1-7 pq� r	

, $= %& '(�" � �a n�� K�2, �@

"'2�, P8 QR S� �� ! �6 ��^ J\

]�	 �� �� Gj@ %��� ��  �� ���

! A�2`� �6 
�� ���` �4.8-14

%& '(�) 4�� �|� A�2�  1!, %

& '(�� ¡  ��	 ��  "¢2£� �i� �

�� ¤�@ ¥, �'(�) #�2, 
�� \��

�¦ �4. $= %& '(�) #�2, /06 � '

§,  ¨©, a� ��/0, �Q ª~0, «p¬ ª~

0 " �V 4�� /05p ®`�` �_%, pq

� /056 n¯ Y�°p �4.15-19 $= %& '(�

" ��^ J\] M�p% ±� M� @ 
�2�

 1! Langmuir-Blodgett ²³	 ´6 $= %& '(

�� `yµ� �;h �a¶ ²³" :B� �p1¦

2� ·� p5 '(�� 4�� �� ! ¸g lmp

��¦ �4. `yµ ²³@ :B2�  1!, ¹-º

�< ! ¸g lm��¦ 2� ��  $= %& '(

� P8p ���p�¦ �4. ·� $= %& '(�

) p�2� `l�% ��� P8 ! ��-B# S»

  "1 ²³@ :B2�% `l� {�	 ;¼ %&

D� �#{@ :B2, UV , ��� B½ ! $

= %& '(�) #�1¦ �4. $= %& '(�)

p�2� :Bh ²³p% a¾, ¿Z` %& D� �

#{" {�6 $= %& '(�" ��� ��" �i

�  "¢2g h4.

iÀ^_� $=p 100Á®4 ÂÃ�8 �� ��

no®4 Ä,°p �g ÅÃ�4. pq� r	, ��

�� no®4 %& '(� no ! P8  S»h $

=��" Æm	 D# �np Ç �p;@ "'�4.20

de! È��^_� �� �� no ! ¢|2� É

, B�" #$µ %& '(� no !, #�p �Ê

Ë �µ �4. Cu/Pd, Cu/Pt, Sn/Au p�l #$ %&

'(�" #�  �1!, Ì Í" 
� r	� ~P�

Î4.21-23 ¿q% ��� P8@ ¥, 4�� B�" Au/

Cu, Au/Ag #$ %& '(�" #�  �� 
� r	

, �" ~P�� É` �4.

$= %& '(�" l��^ M�@ 
�2, v 

, $, 6, �Z Ï ÐÑZ $=5p ®Í^_� A��

` �4. pq� $=56 �G�\ �� ! Ò� P

8 QR S�) %��� ��p4. MÓ $, 6, �Z

" %& '(�, P8p �" m��� É_�, {Z

^_�% ��^_� kO2� ��  �Y ®Í^_

� A��` �4.24

u 
� !, 4�� B�@ ¥, $, 6, �Z" p

�l #$ %& '(�) lm:� �;h ¾� ���

� ! F�:) �2� #�234. #�h #$ %&

'(�" ��� ¤�@ TEM_� NO23`, XPS)

p�2� #$ %& '(�" a2 |l�) NO2�

#$" Ô� �s) Æ�2` #$" B�µ 7m23

4. ·�, ��\/�G�\ l��) p�2� #$ %

& '(�" B�  d� P8 QR S� �n@ NO234.

� �

�� � ��

#�h #$ %& '(�" P8 ÕeÖ× S�) N

O2�  2� Hewlett PackardA" HP 8453 UV-Visible

Spectrometer) A�23`. '(�" ��� ¤�@ �

Ø2�  2� JEOLA" JEM-2000FX II Transmission

Electron Microscope) A�234. ¿Z` VG Scientific

A" ESCALAB 220i X-Ray Photoelectron Spectrometer)

A�2� #$" ]� �s� B�@ Æ�234.

$=>6 HAuCl4 · 4H2O, AgNO3� Cu(NO3)2 · 3H2O

) O:2� É` ¿�� A�23_�, ��� A��

�����	  Ù ÐÚ6 ÛÛ Üm Ý# 	�	

MERCKA" `Tµ GÞ) O: ßp A�234. F

�:� sodium borohydride(NaBH4), KANTO Chemical

A :à@, ¿Z̀  789�:� sodium bis(2-ethylhexyl)-

sulfosuccinate(NaAOT, AerosolOT, CH3(CH2)3CH(C2H5)-

CH2O2CCH2CH(SO3Na)CO2CH2CH3)), BODA" :à

@ A�234. 789�:" %áâpã@ ��pã_

� �F2�  1 AldrichA" protonated strong cation

resin	 weakly acid macroporous cation exchange res

@ A�234.
Journal of the Korean Chemical Society
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Au/Cu �� �� 	
�� �

C. Fan 256 lm:� CTAB(hexadecyl trimethyl

ammonium bromide)) p�2� ����� �< !

$" %& '(�) #�234. u 
� !µ CTAB

) A�2� #$ %& '(�" #�@ Gµ23_%

#$" Ô��s) �ØË � ß� 789�:) ¾�,

J¾� {�	 Ò� n¯Â�@ 2, äpã 78 9�

:� Ðåæ �, NaAOT(sodium bis(2-ethylhexyl)-

sulfosuccinate)� çè� éê234.

789�:� NaAOT" ëµ) 2ì10−2 M� ̀ OGH

�����  �1Gí4. HAuCl4 · 4H2O� Cu(NO3)2 ·

3H2O) �î"  ïð  �1Gñ �<@ :B234.

p� $=>" a¶ëµ, 7ì10−4 Mp �µò iO2

g ��234. �i $= Au, Ag Ï Cu ¿Z` Au�

Cu" IJc@ 3:1, 1:1, 1:3_� K�GH AOT) �;

� ����� �<  $=>p �1h  ïð �<@

lmGí4. F�:� NaBH4)  ïð  �1GH �

���� �< 10 mló 0.4 ml) ¡�ô4. �äX) �

å¡� õö2g �ÀGL8! NaBH4� �1h  ï

ð �<@ ÷�2� $= �pã@ F�Gí4.

Au/Ag �� �� 	
�� �

$	 6" UV , Au/Cu" UV !øù $=>"

no� ú {�@ û� D#2� ü�4. ýþ28

HAuCl4" >� äpã(Cl−)	 6 �pã(Ag+)p AgCl

" ]o� ÿa�� ��p4. de! $6 HAuCl4 ]

o� Ã� 4� ]o ?, Au(AOT)3� �F@ GH¦*

�4. Au(AOT)3, Ã�� ´6 /0_� :B234.

NaAOT) iOî �2�  ïð	 {@ 1:1� �6 �

<  �1GL`, HAuCl4 · 4H2Oµ  ïð	 {@ 1:1�

�6 �<  �1Gñ4. %áâpã@ ��pã_�

�F2�  1 NaAOT" �<@ protonated strong cation

resin	 weakly acid macroporous cation exchange resin

  ���� �	Gñ E $=pã@ �;� �<	

�,4. 	lÓ À�@ Gñ E  p D# �<@ 


aÓ ª~Gñ4. p�  ïð@ A�2� �q � �

� �F@ GH�� ª~Gñ4. p� �, �" {

�p Au(AOT)3p4. #�h Au(AOT)3) HAuCl4�

  A��4. p #�h Au(AOT)3� AgNO3) Au/Cu

" #$ #�0	 �i� /0@ A�2� Au/Ag #

$ %& '(�) #�2` p� B�J, Au/Cu�

�i2g 3:1, 1:1, 1:3" IJ� #$ %& '(�)

#�234.

�� �� 	
�� �

#�h #$ %& '(�" P8 QR S� NO6

350-800 nm XY � " �G�\ �� ! �23_

�, NOGx ��, �p� 10 mm� quartz cell@ A

�234. ç�Gx, �����  NaAOT) ÷��

�<@ A�234.

TEM NOG ��� GÍ" �J, 4ä	 ´4. ï

�³p ��� copper grid(ûUp 3 mm Oµ" ��)

) $= %& '(�� lmh ����� �<  ��

�! ��-B# S»p i�%µò � E Q� z !

��� �����@ 
aÓ ª~Gñ E NO234.

a��" W� �=a�6 30 kVpÎ`, �=a�� 

"� GÍ `OY�" �È �n@ ³�  2� <¶

��ãµ ! NO234.

XPS" �s, 1ì10−8~5ì10−9 torr" `�Q nop

£� Q� z ! Þ2g P8  {Z S»h �T{5

6 �" �»h4. X-\ a�6 250 Wp`, ��6 Al

Kα 1486.6 eV) A�234. #$ %& '(� P8 

¢|2, 789�:� Q� z ! S»h �T{@

:�2�  2� Ã��pã_� 5lj P8@ �Ã�

E  NO234. XPS) NO2�  2� ��� ��

���@ ª~GH %& '(�� 	lÓ ��h no

 ! XPS GÍ `OY�  Gx) Y»2� NO23

4. a�" �=  b�, C1s 284.0 0.2 eV) ��_

� NO234.

�� � ��

Au/Cu �� �� 	
�

�����@ ��� A�2� #�� Au/Cu %&

'(�" P8 QR S� !"áù@ Fig. 1  %��

Î4. T�� $" #n6 ®e#p` T�� �Z"

#6 
� &$#@ %��4. P8 QR S�" W�

S� XY6 ¡  ��" %Cc  de fe�g �,

v ��" �an� &p �8 YXY_� p�2g h

4. �i$= no" $ %& '(�� lmh �<6

520 nm !, �Z� lmh �<6 574 nm ! W�

S� 'VZ� �Ø�,v, $	 �Z" I Jcp 3:1,

1:1, 1:3� #$ %& '(�� lmh �<" W� S

� 'VZ, 520 nm� 574 nm Ap ! \]^_�

p��4. ¿Z` p5 'VZ" ¤�p J�(^� p

�, ���)� aµ) Ap" )j ap� P8 QR
2003, Vol. 47, No. 4
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����
S� ��  i�%� ��p4. $" UV , )j

ap� 505 nm ! 520 nm" �� ! i�%`, $

%& '(�" P8 QR S� 'VZ, 520 nmp�

��  ú 'VZ� !� *+! %��4. �Z" U

V , $®4 Ç YXY� 590 nm ,ø ! �Z"

)j ap� i�%g �� 'VZ, J�( ]o� %

�%g h4.

#$ B�  d� pq� S� XY" p� �n6

#$" � �a n� &p K��, �@ "'�4. #

$" � �an� &" K�, �q ��  ��2�,

Au/Cu #$" UV , a2 p�  "1 �an� &

p K��, �_� Ðåæ �4. pq� a2 p� �

n  "1 $ ��% �Z ��" �s a� pã�  

b�� K��£� XPS) p�2� #$ ��5" �

s a� pã�  b� p�@ NO234. 

Fig. 2, $	 �Z" B�J� ÛÛ 3:1, 1:1 Ï 1:3

� #$ %& '(�" TEM NO r	p4. B�p

3:1, 1:3" TEM NO6 3ì105- Æ�� �p`, 1:16

5ì105- Æ�2� NO234. #$ '(�, 2-5 nm

��" �i� �] ]o� ¢|2�* . P8Y/ �

�  Ì }" ��� ��h ]o� %�%�µ �4.

Fig. 3-5  Au/Cu #$ %& '(�" B�  d� '

(� �� l�) %��Î4. �� ��" l�, 3 nm

" 0� �� ��) z1_� �(^p� 26 ��"

l�µ) %��4. de! a¶ ��" l�, 0�

�� ��  J1! Â6 0�Í�) ¥g h4. p r

	�st $" B�p ª�28! 0� �� ��, 2~2.5 nm

Oµp` �Z" B�p ª�28! 3 nm Oµ� Þj

��� ª�2` 3Ç 46 ��" l�µ) %��4.

#$" B�  d� �� �n6 �Z" B�p ª�2

8! ��" ��� Þj ª�2` ���nµ 56p

%�%� P8 QR S� 'VZ" bJµ �G ª�;

@ Fig. 2 ! 7 � �4. $" B�p ª�28 ��

Fig. 1. UV-Visible spectra of Au/Cu alloy nanoclusters.

Fig. 2. TEM micrographs of Au/Cu alloy nanoclusters.

Fig. 3. The size distribution of particles; Au:Cu=3:1.
Journal of the Korean Chemical Society
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-

m-

.

�nµ �" %�%� É̀  �i� ��l�) %��Î4.

$	 �Z� #$@ ]�2g �8 $	 �Z" a2

|l�  "1! 8 a�5" �=  b�� fe�g

�� ��  #$" Ô� �s) OÆÓ 9NË � �

4. Fig. 66 #$ %& '(�" XPS NO r	p4.

Fig. 7" C1s 'VZ, %& '(�  S»h 789�

:  ��h 'VZp4. ú }" 'VZ5 z ! 2

%, NaAOT ! ï�-ï� r#@ 2` �, ï� 

"� 284.1 eV 'VZp` 4� 2%, :�;é� 

�, ï�" C1s  ��� 288.1 eV 'VZ5p4. Fig. 8

	 Fig. 9, Au/Cu #$ %& '(�" Au4f7/2� Cu2p3/2

'VZp� �¶� 3:1" B�6 1:1" UV� �" �

i� r	� NO��! B�p 3:1� UV, �� 

%��� É<4.

Au/Cu #$ %& '(�" XPS NO r	) Table

1  %��Î_� XPS" NO r	 ����� �< 

!, #$ P8p �" m��� É6 $= no� ¢

|;@ Ð � �Î4. Au/Cu #$ %& '(� !

Au4f7/2 'VZ, B�p 3:1, 1:1" UV , T�� $

" UV� �" �i�  � ! %�%�* Au/Cu B

�p 1:3� UV , Þ 1.0 eV*= Ç �6  �� 85.0

 0.2 eV ! Au4f7/2 'VZ� %��4. Cu2p3/2 'V

Z, �Z" B�p ��28!, ? $" B�p ª�

Fig. 4. The size distribution of particles; Au:Cu=1:1.

Fig. 5. The size distribution of particles; Au:Cu=1:3.

Fig. 6. XPS full range spectrum of the Au/Cu alloy nano
clusters.

Fig. 7. XPS spectrum of C1s for the aggregated alloy sa
ples. The C1s peak is attributed to NaAOT.

Fig. 8. XPS spectra of Au4f for the Au/Cu alloy nanoclusters
2003, Vol. 47, No. 4
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28! T�� �Z®4 0.6 eV *= Ç Å6  ��

933.0 0.2 eV ! %��4. pq� r	, #$p ]

��8 $_�st �Z� a2 p�p i�%` �ä

@ Ð � �4.

C. Sangregorsio 266 Cu3Au" UV Au4f7/2 'VZ

� T�� $®4 Þ 0.5 eV Oµ �6 no� p��

4` ®`234. ·� J. C. Faulkner 276 Cu/Pd(50/

50) #$ ! T�� $=  J1! �Z, 0.7 eV O

µ Å6  � ! ¿Z` >e?6 0.2~0.4 eV Oµ �

6 no ! %�%�, Cu/Pd(80/20)" UV , �Z

� 0.25 eVOµ Å6 no ! %��4` ®`234.

pq� . �� ! Â6 ���" a2 p�6 ���

. ��" B�p Â@�ò Ç . p� �np %�%

`, n�^_� Â6 ��� �Z" 2p3/2 'VZ" p

�p ��2g h4. ¿q% Ag/Pd(50/50) #$" UV

 , �i $= no� J�1! Ag, Þ 0.5 eV Å6

 � ! %�%�* Pd, �" p�2� É,4` ®

`234. pq� r	56 u 
� r	� @ i��4. 

Au/Cu" UV , ��� . $ �� ! ��� Â

6 �Z �� A_� a2� p�2g �� �� a�

" a2 yµ l�� fe�g h4. pq� a2 p�

  "1 �an� &p K2g �£� P8 QR S�

" W� S�  �� #$" B�  de p�2g �

, �p4. 

Au/Ag �� �� 	
�

T�� $ %& '(�" #n6 ®e#p� T��

6p lmh �<" #6 �� &$#p4. ¿ #$6

B�Jc  de #p K;@ �ØË � �Î4. Au/Ag

#$ %& '(�" P8 QR S� 'VZ) Fig. 10

  %��Î4. ����� �� ! ]�h Au/Ag #

$ %& '(�" P8 QR S� )" W� XY6 6

%& '(�� lmh �<" W� XY� 405 nm�

$ %& '(�� lmh �<" W� XY� 520 nm

Ap" �� ! #$ ��5" n�^� B�J  d

e �" \]^_� p�234. $" B�p ª�28

! 'VZ" ¤�p J�(� �6 P8 QR S� '

VZ �� ! ���)� aµ) Ap" )j ap 

"� S�� �G  i�%� ��p4.

Au/Ag #$ %& '(�" P8 QR S� 'VZ�

B�  de \]^_� p�2, �6 Au/Cu #$ %

& '(��, fZ �V B' �, r	p4. pq�

S� 'VZ� p�2, �n6 #$ B�  de �

�an� &p feC@ "'�4. P. Mulvaney206 #

$" � �an�  �1! pD^_� ε(α)=(1-α)ε
Ag+α εAu ]o� ¡E�4` ®`234. ��! α,
$" Ilcp4. u 
� ! Au/Ag #$ %& '(

�) #�� r	, #$" B�  de P8 QR S�

 �, 405~520 nm[� �" \]^_� p��4. p

q� r	, K. Ripken28p ®`� 
�r	� @ i�

Fig. 9. XPS spectra of Cu2p for the Au/Cu alloy nanoclusters.

Table 1. Binding energies of the Au4f7/2, Cu2p3/2 XPS peaks
for Au/Cu alloy nanoclusters (eV)

Molar ratio Au4f7/2 Cu2p3/2

Au 84.0±0.2
Au:Cu=3:1 84.0 933.0
Au:Cu=1:1 84.2 933.0
Au:Cu=1:3 85.0 933.4

Cu 933.6±0.2

Fig. 10. UV-Visible spectra of Au/Ag alloy nanoclusters.
Journal of the Korean Chemical Society
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�4. �< n ! #$" #�6 \F^� F�  "

1 F�/p n�^_� ^6 $=p �]" Gn�B

) ]�2, �_� ®`h UVµ �4. M. Schluter29

, $	 6" %& '(� ! �]" Gn�B) ]�

Ë UV , ú $=" B�  de H(^� P8 Q

R S� 'VZ� %�%�% S� 'VZ"  �� p

�2� É` 'VZ" I�* ��2g h4` ®`2

34. ¿q% u 
� !, �i 'VZ no� 'V

Z� p�2� p, �]" Gn ]o� #�h �p

ÃJe Au/Ag #$ no� #��Îä@ %��4.

Fig. 116 Au/Ag #$ %& '(�" B�  d�

TEM NO r	p4. ¤K TEM NO6 2ì105- Æ�

� �p4. p5 ¿L ! ®Mp Au/Ag #$ %& '
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Fig. 11. TEM Micrographs of Au/Ag alloy nanoclusters (a) Au:Ag=3:1 (b) Au:Ag=1:1 (c) Au:Ag=1:3.

Fig. 12. The size distribution of particles; Au:Ag=3:1.

Fig. 13. The size distribution of particles; Au:Ag=1:1.
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Fig. 14. The size distribution of particles; Au:Ag=1:3.
Fig. 15. XPS spectra of Au4f for the Au/Ag alloy nanocluster

Fig. 16. XPS spectra of Ag3d for the Au/Ag alloy nanocluste

Table 2. Binding energies of the Au4f7/2, Ag3d5/2 XPS peaks
for Au/Ag alloy nanoclusters (eV)

Molar ratio Au4f7/2 Ag3d5/2

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 368.3±0.2
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