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Au25(SR)18

/
1 - 4 

9

Figure 2-1

Figure 2-2 5,6

(R’SH)  

Aux(SR)y  +  nR’SH  →  Aux(SR)y-n(SR’)n  +  nRSH  (0 n 18)         Eq. 2-1. 

1 - 4 

10, 11

12 - 16 
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2.1.2   

 

Aux(SR)y

 ( ) 

 (HPLC) 

Figure 2-3(a) 17 - 19 Figure 2-3(b)

 

Au25

 Au25(SC2H4Ph)18 Au25

Au25  Au25(SC12H25)18

Mx(SR)y-n(SR’)n, (0 n y) y+1

HPLC
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Figure 2-3.  (a) . 
. Ref. 19

(b) . 
. 

(b) 

(a) 

(b)
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2.2  

 

Mx(SR)y-n(SR’)n

 (HPLC) 

 

 

 

 

 

2.3   

 

2.3.1   

 

 

 (HAuCl4

4H2O)  (PdCl2 2NaCl 3H2O)

 ((C8H17)4NBr = TOABr)  (NaBH4) 1-

 (C8H17SH) 1-  (C10H21SH) 1-  (C12H25SH) 1-

 (C14H29SH) (Chart 2-1(a)) p-Fluorothiophenol (FPhSH) (Chart 2-1(b))

 

(THF)  ((C4H9)4ClO4) 1-

1-  (Chart 1(a)) 2-  (PhC2H4SH) (Chart 2-1(c))

trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB) Fulka

4-(tert-butyl)benzyl mercaptan (BBSH) (Chart 2-1(d)) Sigma Aldrich

4-Bromophenylmethanethiol (BrPhCH2SH) (Chart 2-1(e)) Fluorochem Didodecyl diselenide 

((C12H25)2Se2) (Chart 2-1(f)) 18.2M cm Milli-Q water  

Chart 2-1. (a) 1-Alkanethiol (b) p-Fluolothiophenol (c) 2-Phenylethanethiol (d) 4-(tert-butyl)benzyl
mercaptan (e) 4-bromophenylmethanethiol (f) Didodecyl diselenide . 

(a) (c) (d) (e) (f)(b) b)
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 (Rec-HPLC) Japan Analytical Industry LC-9201 Waters

Ultrastyragel (pore size 103Å, 5 m, 19mm I.D.×300mm)

2.4mL/min 290nm  

 

 

 (HPLC) Shimadzu Prominence HPLC; LC-20AD (2 Pumps) SPD-20A (Photodiode array detector)

CTO-20A (Column oven) DGU-20A (On-line degasser) LabSolutions (Software)

1.00mL/min

PDA 190~800nm

C18

20 L

 

Thermo Scientific Hypersil GOLD C18 (4.6mm I.D.×250mm, 5 m) BDS Hypersil C8 

(4.6mm I.D.×250mm, 5 m) BDS Hypersil Phenyl (4.6mm I.D.×150mm, 5 m)

TOSOH TSKgel Silica-60 (4.6mm I.D. × 250, 5 m) (GPC) Waters

Styragel HR2 (7.8mm I.D.×300mm, 5 m)  

 

MALDI-  

(MALDI-) Applied Biosystem, Voyager 

Linear RD VDA 500 N2 (337nm)

 (DCTB) 1:1000 1mg/100 L DCTB/CH2Cl2
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2.3.2   

 

(UV-Vis) MALDI-  

 

(A)  PdAu24(SC12H25)18  

PdAu24 PdAu24(SC12H25)18 (Figure 2-4(a))

 (Figure 2-5) HAuCl4 Na2PdCl4 18:7 0.75mmol

150mL TOABr/  (0.82mmol/150mL)

C12H25SH 9.0mmol 30

NaBH4/H2O (7.5mmol/150mL) 0 3

25 10mM TBAClO4

 30mL 4

TBAClO4 Au25(SC12H25)18

 (Rec-GPC) PdAu24(SC12H25)18

 

 

(B)  Au25(SC12H25)18  

Au25 Au25(SC12H25)18 (Figure 2-4(b)) Tong Reverse
20  (Figure 2-6) 30mM HAuCl4/H2O 16.6mL TOABr/  (300mg/50mL)

NaBH4/H2O (5.0mmol/5.0mL) 

C12H25SH/  (360 L/5.0mL) 1

Au25(SC12H25)18

 

 

 



   

21 
 

(C)  Au38(SC2H4Ph)24  

Au38 Au38(SC2H4Ph)18 (Figure 2-4(c))
21  (Figure 2-7) 30mM HAuCl4/H2O 16.6mL  

20mL 76.8mg 0 NaBH4/H2O (190mg/6mL)

 6mL  2mL  0.3mL

2-  2mL 12 80
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Figure 2-4.  .  (a) PdAu24(SR)18 (b) Au25(SR)18 (c)
Au38(SR)24. ( R )  ( Ref. 29 ) 

Figure 2-5.  PdAu24(SC12H25)18 .

(a) (b) (c) 



   

23 
 

 

 

 

 

 

Figure 2-6.  Au25(SC12H25)18 .

Figure 2-7.  Au38(SC2H4Ph)24 .
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2.3.3   

 

Mx(SR)y-n(SR’)n

PdAu24(SC12H25) Au25(SC12H25)18 Au38(SC2H4Ph)18

; 4-(tert-Butyl)benzyl mercaptan (BBSH) C4H9SH C6H13SH C8H17SH C10H21SH

C12H25SH C14H29SH PhC2H4SH BrPhCH2SH FPhSH (C12H25)2Se2

22 – 25 MALDI-

 

 

 

2.3.4   

 

MALDI-  

 

(A)   

THF

THF

HPLC

 

 

(B)   

THF

THF

3  
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2.4   

 

2.4.1   

 

Figure 2-8 Au25(SC12H25)18 PdAu24(SC12H25)18 Au38(SC2H4Ph)24 UV-Vis

Au25(SC12H25)18 PdAu24(SC12H25)18 Au38(SC2H4Ph)24

Figure 2-9 MALDI-

Au25(SC12H25)18 

(8549.2Da) PdAu24(SC12H25)18 (8458.7Da) Au38(SC2H4Ph)24 (10778.1Da)
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Figure 2-8.  UV-Vis .  (a) 
PdAu24(SC12H25)18 (b) Au25(SC12H25)18 (c) Au38(SC2H4Ph)24. 

Figure 2-9.  MALDI- .  (a) 
PdAu24(SC12H25)18 (b) Au25(SC12H25)18 (c) Au38(SC2H4Ph)24. 
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2.4.2   

 

Figure 2-10(a) PdAu24(SC12H25)18 BBSH

MALDI- PdAu24(SC12H25)18-n(SBB)n

SC12H25 SBB 2

[MeOH]:[THF]

THF

Figure 2-10(b)

PdAu24(SC12H25)18-n(SBB)n 2.7min

UV-Vis PdAu24(SR)18

PdAu24(SC12H25)18-n(SBB)n  

2.7min

 ([MeOH] = 40, 50)

[MeOH]
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Figure 2-10.  PdAu24(SC12H25)18-n(SBB)n  (a) MALDI-
(b) .  ( Ref. 29 ) 
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2.4.3   

 

 (Figure 

2-11)

THF

Figure 2-11(b) [g]

THF Figure 

2-12(a) PdAu24(SC12H25)18-n(SBB)n MALDI- 8100Da

SBB S C

Figure 2-12(b)

[g]

[10]

11.5min

g

Figure 2-12(c)

[40]

[40]

Figure 

2-13(a),(b) PdAu24(SC12H25)18-n(SBB)n MALDI-

[40]

MALDI- 1~19

Figure 2-14 1~19 MALDI-

Figure 2-15 UV-Vis

PdAu24(SR)18 PdAu24

PdAu24(SC12H25)18-n(SBB)n n = 0~18

SBB
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SBB SC12H25

SBB
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Figure 2-11.  (a) 
(b) .  g MeOH THF

. Ref. 29  
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Figure 2-12.  PdAu24(SC12H25)18-n(SBB)n  (a) MALDI-
(b) (c) .

Ref. 29  
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Figure 2-13.  PdAu24(SC12H25)18-n(SBB)n  (a) MALDI-
(b) . 

. Ref. 29  



   

34 
 

 

 

 

 

 

 

 

 

 

 

Figure 2-14.  PdAu24(SC12H25)18-n(SBB)n 1 ~ 19 MALDI- .
Ref. 29  
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Figure 2-15.  PdAu24(SC12H25)18-n(SBB)n UV-Vis . Ref.
29  
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2.4.4   

 

Table 2-1 PdAu24(SR1)18-n(SR2)n PdAu24(SR1)18

R2SH Figure 2-16 Entry 1~9

PdAu24(SR1)18-n(SR2)n MALDI-

PdAu24(SR1)18-n(SR2)n Figure 2-17 Entry 1~9

PdAu24(SC12H25)18 PdAu24(SC2H4Ph)18

MALDI-

19 Entry 1~9

Entry 1~6

PdAu24(SC12H25)18 PdAu24(SC12H25)18

Entry 6~9

PdAu24(SC2H4Ph)18

PdAu24(SR1)18 PdAu24(SR2)18 PdAu24(SR)18 R C2H4Ph 

< CH2PhBr < C4H9 < BB < C6H13 < C8H17 < C10H21 < C12H25 < C14H29

i) 

ii) 

PdAu24(SR1)18 PdAu24(SR2)18
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Table 2-1.  SR1 R2SH. 

Entry R1SH  Mw  R2SH         Mw 

1 C12H25SH 202.40  C8H17SH  146.29 

2 C12H25SH 202.40  C6H13SH  118.24 

3 C12H25SH 202.40  C4H9SH  90.19 

4 C12H25SH 202.40  BBSH  180.31 

5 C12H25SH 202.40  BrPhCH2SH 203.10 

6 C12H25SH 202.40  PhC2H4SH 138.23 

7 PhC2H4SH 138.23  C14H29SH 230.45 

8 PhC2H4SH 138.23  C10H21SH 174.35 

9 PhC2H4SH 138.23  C6H13SH  118.24 
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Figure 2-16.  PdAu24(SR1)18-n(SR2)n (Entry 1~9) MALDI- . 
PdAu24(SR)18 . (Ref. 30)  

Figure 2-17.  PdAu24(SR1)18-n(SR2)n (Entry 1~9) . 
PdAu24(SR)18 . PdAu24(SR)18 (R = C12H25, C2H4Ph)

. (Ref. 30)  
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2.4.5  /  

 

S Se

PdAu24(SR1)18-n(SeR2)n Figure 

2-18(a)(b) PdAu24(SC2H4Ph)18-n(SeC12H25)n MALDI-

PdAu24(SC2H4Ph)18-n(SeC12H25)n

PdAu24(SC2H4Ph)18-n(SeC12H25)n PdAu24(SC2H4Ph)18-n(SC12H25)n

Figure 2-19(a)(b) C12H25 PdAu24(SC12H25)18-n(SeC12H25)n

MALDI- PdAu24(SC12H25)18-n(SeC12H25)n

PdAu24(SC12H25)18

PdAu24(SC12H25)18-n(SeC12H25)n

Au-S Au-Se

Au-

PdAu24(SC2H4Ph)18-n(SC12H25)n

R PdAu24(SR1)18-n(SeR2)n

Au-
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Figure 2-18.  PdAu24(SC2H4Ph)18-n(SeC12H25)n (a) MALDI- (b) .
(Ref. 30)  
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Figure 2-19.  PdAu24(SC12H25)18-n(SeC12H25)n (a) MALDI- (b) .
(Ref. 30)  
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2.4.6   

 

Au25(SR)18 Au38(SR)24

PdAu24

 

Figure 2-20(a)(b) Au25(SC12H25)18-n(SC2H4Ph)n MALDI-

SC2H4Ph

MALDI-

Figure 2-20(c)

Au25 PdAu24

Au25(SC12H25)18-n(SC2H4Ph)n

PdAu24(SC12H25)18-n(SC2H4Ph)n Au25(SR)18 1

[Au25(SR)18] [Au25(SR)18] [Au25(SR)18]0

26 PdAu24 0
25,27 

[Au25(SR)18] PdAu24

Au25(SR)18 PdAu24(SR)18

PdAu24(SR)18 Pd@Au12 Au25(SR)18 Au@Au12

25  

Au25  

Figure 2-21(a)(b) Au38(SC12H25)24-n(SC2H4Ph)n MALDI-

PdAu24(SC12H25)18-n(SC2H4Ph)n

Figure 2-21(c)  

Au25(SR1)18-n(SR2)n

Au38(SR1)24-n(SR2)n  
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Figure 2-20.  Au25(SC12H25)18-n(SC2H4Ph)n  (a) MALDI- (b) 
(c) 1’~5’ MALDI- . Ref. 29  

2 20 A (SC H ) (SC H Ph) ( ) MALDI (b)
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Figure 2-21.  Au38(SC12H25)24-n(SC2H4Ph)n  (a) MALDI- (b) 
(c) 1’’~7’’ MALDI- . Ref. 29  

2 21 A (SC H ) (SC H Ph) ( ) MALDI (b)
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2.4.7   

 

THF

Figure 2-22

 

Figure 2-23 PdAu24(SC12H25)18-n(SC10H21)n

Figure 2-23(b)

(Figure 2-23(c))

{h} THF

{40}

MALDI-

MALDI-

(Figure 2-23(d))
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Figure 2-22.  ( ) ( ).  
(Ref. 30)  

Fi 2 22 ( ) ( )
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Figure 2-23.  PdAu24(SC12H25)18-n(SC10H21)n  (a) MALDI- (b)
(c) 

(d) 1~5 MALDI- . (Ref. 30)  
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Figure 2-24(a)

PdAu24(SC2H4Ph)18-n(SeC12H25)n

{20}

Figure 2-24(b)
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Figure 2-24.  PdAu24(SC12H25)18-n(SC2H4Ph)n  (a) 
(b) {h}=20% PdAu24(SC12H25)3(SC2H4Ph)15

. (Ref. 30)  
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-

 

Figure 2-25 PdAu24(SC12H25)18-n(SC2H4Ph)n

Figure 

2-25(a)

Figure 2-25(b)
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Figure 2-25.  PdAu24(SC12H25)18-n(SC2H4Ph)n
 (a) [40] (b) {40}.

(Ref. 30)  
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2.4.8   

 

2

 

Figure 2-26 SC12H25 (Mw = 201.39) SCH2PhBr (Mw = 

202.09) (Chart 2-1(e)) PdAu24(SC12H25)18-n(SCH2PhBr)n

PdAu24(SC12H25)18-n(SCH2PhBr)n MALDI-

(Figure 2-26(a))

PdAu24(SC12H25)18-n(SCH2PhBr)n

PdAu24(SC12H25)18-n(SCH2PhBr)n (Figure 2-26(b))

19 PdAu24(SC12H25)18-n(SCH2PhBr)n (n 

= 0~18)

PdAu24(SC12H25)18 SCH2PhBr SC12H25

SCH2PhBr PdAu24(SC12H25)18-n(SCH2PhBr)n

 

2
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Figure 2-26.  PdAu24(SC12H25)18-n(SCH4PhBr)n (a) MALDI- (b) .
(Ref. 30)  
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2.4.9   

 

/

 

Figure 2-27 PdAu24(SC12H25)18-n(SPhF)n

PdAu24(SC12H25)18 FPhSH (Chart 2-1(b)) Figure 2-27(a)

Figure 2-27(b)(c) UV-Vis Figure 2-27(d)

SC12H25 SPhF

Au25(SR)18

32
 Au25(SR)18

PdAu24(SR)18 SPhF

 

PdAu24(SC12H25)18-n(SPhF)n
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Figure 2-27.  PdAu24(SC12H25)18-n(SPhF)n (a) MALDI- (b) 
(c) MALDI- (d) UV-Vis . 

(Ref. 30)  
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2.4.10   

 

HPLC

RS (Eq (2-2))

Chart 2-2 tRA, tRB A, B WA, WB 

A, B RS  

AB

RARB
S 2

WW
ttR                             Eq (2-2) 

 

(A)  

HPLC

C18 C8 Phenyl Silica

THF GPC 25oC

Figure 2-28 PdAu24(SC12H25)18-n(SBB)n (n=0~6)

C18 C8 GPC

GPC

GPC

Silica Silica

Phenyl 

Chart 2-2. RS . 
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Phenyl

PdAu24(SC12H25)18-n(SBB)n SBB SBB

SC12H25

C8 C18

SC12H25

SBB

Table 2-2 RS C8

C18 C8 C18

RS C8 C18

PdAu24(SC12H25)18-n(SBB)n

C18  

 

 (B)  

/

C18 25oC Figure 2-29

PdAu24(SC12H25)18-n(SBB)n (n=0~6) Table 2-3

RS

THF

THF

/

THF  

 

(C)  

THF C18

Figure 2-30 PdAu24(SC12H25)18-n(SBB)n (n=0~6)

Table 2-4

RS

25oC

25oC  
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Figure 2-28.  PdAu24(SC12H25)18-n(SBB)n (n=0~6) .  (a) C18 (b)
C8 (c) Phenyl (d) Silica (e) GPC. (Ref. 30)  

Table 2-2.  . 
(Ref. 30)  (Ref. 30)
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Figure 2-29.  PdAu24(SC12H25)18-n(SBB)n (n=0~6) .  (a) Acetonitrile
THF (b) Ethanol THF (c) 1-Propanol THF (d) Methanol THF (e) Methanol CH2Cl2

(f) Methanol Benzene (g) Methanol Toluene. (Ref. 30)  

Table 2-3.  . (Ref. 30)  
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Figure 2-30.  PdAu24(SC12H25)18-n(SBB)n (n=0~6) .  (a) 0oC (b)
25oC (c) 50oC. 

Table 2-4.  .
(Ref. 30)  
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2.4.11   

 

Figure 2-30 PdAu24(SC12H25)1(SBB)17

MALDI-

4.0h PdAu24(SC12H25)1(SBB)17

31  
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Figure 2-30.  PdAu24(SC12H25)1(SBB)17 MALDI-
.  ( Ref. 29 ) 
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2.5   

 

HPLC
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3.1   

 

3.1.1   

 

Aun(SR)m

2009 Fields-Zinna Au3+ Pd2+

Au25(SC2H4Ph)18 Pd

PdAu24(SC2H4Ph)18
1 

Aun(SR)m

 

Au25(SR)18 Pd PdAu24(SR)18

2 Au38(SR)24

Pd 0, 1, 2 Au38(SR)24

3 Au Ag Cu

Au25(SR)18 Ag Ag Ag

HOMO-LUMO
4 Au25(SR)18 Cu HOMO-LUMO

 (Figure 3-1) 5 

PtAu24(SR)18

AgnAu38-n(SR)24 Au144-nPdn(SR)60  Au144-nAgn(SR)60

6 - 9 

Cr Mn Fe
10 

Aun(SR)m /  
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3.1.2   
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Figure 3-1.  . Ref.
2~4  
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3.2   

 

PdAu24(SR)18 Au25(SR)18

 

 

 

 

3.3   

 

3.3.1   

 

 

 (HAuCl4

4H2O)  (Na2PdCl4 3H2O)

 ((C8H17)4NBr = TOABr)  (NaBH4) 1-

 (C6H13SH) 1-  (C8H17SH) 1-  (C10H21SH) 1-

 (C12H25SH) 1-  (C16H33SH)

 ((C4H9)4ClO4) 2-

 (PhC2H4SH) 18.2M cm Milli-Q water

trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]-malononitrile (DCTB) Fulka

 

 

 

Japan Analytical Industry

LC-9201 Waters Ultrastyragel (pore size 103Å, 5 m, 19mm 

I.D.×300mm) 2.4mL/min 290nm
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ESI-  

(ESI-) Bruker Fourier Solarix

: =1:1 1mg/mL

800 L/h  

 

MALDI-  

(MALDI-) Applied Biosystem, Voyager 

Linear RD VDA 500 N2 (337nm)

1:1000 1mg/100 L DCTB/CH2Cl2

 

 

 

3.3.2   

 

25

 

 

(A)  [PdAu24(SC12H25)18]0  

 [PdAu24(SC12H25)18]0  

 

(B)  [Au25(SC12H25)18]  

 [Au25(SC12H25)18]  

 

(C)  [Au25(SC12H25)18]0  

0 25 [Au25(SC12H25)18]0

 (Figure 3-2) [Au25(SC12H25)18] 3

0 25 [Au25(SC12H25)18]0  

 

 

 



   

71 
 

3.3.3   

 

MALDI-  (Figure 3-3)

Au25(SC12H25)18 PdAu24(SC12H25)18 0.14 mol 500 L

1000  (140 mol) 

1-  (CnH2n+1SH, n = 6, 8, 10, 16) 2-   

(PhC2H4SH) 10 5 L

MALDI-  

 

 

3.3.4   

 

Au25(SC12H25)18 PdAu24(SC12H25)18  RSH

t (min) MALDI-

Au25(SC12H25)18-x(SR)x PdAu24(SC12H25)18-x(SR)x I (x,t) x

t (min)

xave (Eq. 3-1)  

18

0
18

0

ave

,

,
x

y
tyI

txIxx                           Eq. 3-1. 

xave t (min) PdAu24 Au25
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Figure 3-2.  [Au25(SC12H25)18]0 . 

Figure 3-3.  . M = Pd0, Au , Au0 . 
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3.4   

 

3.4.1   

 

Figure 3-4(a),(b) Au25(SC12H25)18 PdAu24(SC12H25)18 ESI-

Au25(SR)18 1

Au25(SC12H25)18 ESI- 1

[Au25(SC12H25)18]

PdAu24(SC12H25)18 0 2 

PdAu24(SC12H25)18 ESI- ESI-

PdAu24(SC12H25)18 /

 

(C4H9)4NClO4 +1

[PdAu24(SC12H25)18][(C4H9)4N]+ Pd

[PdAu24(SC12H25)18]0  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

74 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F i gure  3 -4 .   ESI -
(a) Au25(SC12H25)18 (b) PdAu24(SC12H25)18. Ref. 14  
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3.4.2   

 

Figure 3-5 [PdAu24(SC12H25)18]0 C6H13SH

MALDI- PdAu24(SC12H25)18-x(SC6H13)x

(SC6H13) x

SC12H25 SC6H13

Figure 3-6 [Au25(SC12H25)18] C6H13SH

MALDI- Au25(SC12H25)18-x(SC6H13)x PdAu24

 (Figure 3-7~3-20)  

xave Eq. 3-1 Tab. 3-1

100 xave(100) Figure 3-21 (a)-(f)

xave

[PdAu24(SC12H25)18]0 [Au25(SC12H25)18] 1.5~4.2 xave

25 Pd

 

Figure 3-22 C8SH

MALDI-

[RSH]:[cluster]=1000:1

SC8H17 Pd

Pd  
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Figure 3-5.  [PdAu24(SC12H25)18]0 C8H17SH
MALDI- . Ref. 14  

Figure 3-6.  [Au25(SC12H25)18]0 C8H17SH
MALDI- . Ref. 14  
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Figure 3-7.  [PdAu24(SC12H25)18]0 C8H17SH
MALDI- . Ref. 14  

Figure 3-8.  [PdAu24(SC12H25)18]0 C10H21SH
MALDI- . Ref. 14  
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Figure 3-9.  [PdAu24(SC12H25)18]0 C16H33SH
MALDI- . Ref. 14  

Figure 3-10.  [PdAu24(SC12H25)18]0 PhC2H4SH
MALDI- . Ref. 14  
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Figure 3-11.  [PdAu24(SC12H25)18]0 C8H17SH
MALDI- . Ref. 14  

Figure 3-12.  [Au25(SC12H25)18] C8H17SH
MALDI- . Ref. 14  

3 12 [A (SC H ) ] C H SH
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Figure 3-13.  [Au25(SC12H25)18] C10H21SH
MALDI- . Ref. 14  

Figure 3-14.  [Au25(SC12H25)18] C16H33SH
MALDI- . Ref. 14  
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Figure 3-15.  [Au25(SC12H25)18] PhC2H4SH
MALDI- . Ref. 14  

Figure 3-16.  [Au25(SC12H25)18] C8H17SH
MALDI- . Ref. 14  
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Figure 3-17.  [Au25(SC12H25)18]0 C6H13SH
MALDI- . Ref. 14  

Figure 3-18.  [Au25(SC12H25)18]0 C8H17SH
MALDI- . Ref. 14  
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Figure 3-19.  [Au25(SC12H25)18]0 C10H21SH
MALDI- . Ref. 14  

Figure 3-20.  [Au25(SC12H25)18]0 C10H21SH
MALDI- . Ref. 14  
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Figure 3-21.  .  (a) C6H13SH,  
(b) C8H17SH, (c) C10H21SH, (d) C16H33SH,  
(e) PhC2H4SH, (f) C8H17SH, .  ; [PdAu24(SC12H25)]0 ;
[Au25(SC12H25)] . Ref. 14  

Tab. 3-1.  100min xave . 
Ref. 14  
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Figure 3-22.  C8H17SH
MALDI- .  (a) [PdAu24(SC12H25)18]0, 50h (b) [Au25(SC12H25)18] , 93h (c)
[Au25(SC12H25)18]0, 72h . Ref. 14  
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3.4.3   

 

(A)   

Song Murray

Au144(SR)60  ( ) 
11 +3 0 2

Häkkinen Aun(SR)m
-z

n*  Eq. 3-2 12 

zmnn                               Eq. 3-2. 

Pd [Kr]d10 [PdAu24(SC12H25)18]0

[Au25(SC12H25)18] n*

[PdAu24(SC12H25)18]0 n* = 24 18 0 = 6 [Au25(SC12H25)18] n* = 25 18 1 = 18

Pd

 

7 0 [Au25(SC12H25)18]0

 (Figure 3-17~3-20) [Au25(SC12H25)18]

Figure 3-23  [Au25(SC12H25)18]0/ C6H13SH

xave

 

 

 (B)   

Heinecke Au102(p-MBA)44 (p-MBA = p-mercaptobenzoic acid)

13 Au25(SR)18 Au13 Pd

PdAu24(SR)18 Pd@Au12
2 

Figure 3-24 Pd
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Figure 3-23.  C8H17SH
.  : [Au25(SC12H25)]0 :

[Au25(SC12H25)] . Ref. 14  

Figure 3-24.  . (a) Au25(SR)18
(b) PdAu45(SR)18. . 
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3.4.4   

 

Pd

Pd 15

Figure 3-25(a) [Au25(SC10H21)18]

[Au25(SC12H25)18] 10 MALDI-

Au25(SC10H21)18-y(SC12H25)y Au25(SC12H25)18-z(SC10H21)z

[PdAu24(SC10H21)18]0 [PdAu24(SC12H25)18]0

 (Figure 3-25(b)) [Au25] Au25

PdAu24(SC12H25)18 Au25(SC12H25)18
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Figure 3-25.  (a) [Au25(SC12H25)18] [Au25(SC10H21)18] (a) [PdAu24(SC12H25)18]0

[PdAu24(SC10H21)18]0 10 MALDI-
. Ref. 14  

3 25 ( ) [A (SC H ) ] [A (SC H ) ] ( ) [PdA (SC H ) ]0
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3.5   

 

Pd Au25(SR)18 (R’SH)

Pd Au25(SR)18

Pd

PdAu24(SR)18

PdAu24
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4.1   

 

4.1.1   

 

Ag:SR Raman

 

5nm
1,2 Ag:SR Ag7(DMSA)4

Ag9(MSA)8
3,4  (DMSA = meso 2,3-dimercaptosuccinic 

acid, MSA = mercaptosuccinic acid) Au:SR Ag:SR Ag:SR

Ag:SR Ag:SR

Murray BBSH (4-(tert-butyl)benzyl mercaptan)

Ag140(SBB)53

5 
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4.2   

 

 

 

 

 

4.3   

 

4.3.1   

 

 

 (AgNO3)

(NaBH4)  (THF)

4-(tert-Butyl)benzyl mercaptan (BBSH) Aldrich

18.2M cm Milli-Q water THF

Ar  

 

 

(UV-Vis) JASCO  V-630

1.0cm  

 

 

(TEM) Hitachi H-7650 100kV 100,000x

(HR-TEM) JEOL JEM-3200 300kV

300,000x  
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(LDI-) Applied Biosystem, Voyager Linear RD VDA 

500 N2 (337nm)

 

 

 

(ESI-)

1mg/mL +3kV

180  

 

 

 (HPLC) Waters Waters 600 (Controller) Waters 626 (Pump) Waters 

486 (Tunable absorbance detector) 442nm 0.2mL/min

2.00AUFS  ( ) Waters Styragel HR2 

(7.8mmI.D.×300mm, 5 m)

50 L

 

 

X  

X (XPS) JEOL JPS-9010MC ~2×10-8
 

Torr X 1253.6eV Mg-  

 

X  

X (XRD) Rigaku Rint 2500 X 1.54Å

0.2 o/min  

 

 

(TGA) Bruker TGA2000SA 5 oC/min 25~500oC

8.8mg  
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4.3.2   

 

Schlenk  

(Figure4-1) THF

AgNO3 273mg THF 44mL 0 oC BBSH 8.0mmol 30rpm

Ag-SBB 1300rpm

0 oC NaBH4/H2O 16mmol/2mL 2

Ag:SBB (1) 230mg

 

 

 

4.3.3   

 

Ag:SBB(1) 230mg BBSH 15mL

40 60 80 oC  (Figure 4-2) BBSH

60~70mg Ag:SBB(2)

Ag:SBB (2) THF
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Figure 4-2.  Ag:SBB(2) . Ar Schlenk . 

Figure 4-1.  Ag:SBB(1) . Ar Schlenk . 
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4.4   

 

4.4.1   

 

Figure 4-3 Ag:SBB(1) TEM TEM Ag:SBB(1)

1.2nm Ag:SBB(1)

BBSH 60 oC Ag:SBB(2) Figure 4-4 Ag:SBB (1)

ESI- (0h)

10kDa 15kDa Ag:SBB(1)

3h 43.5kDa

6h 51.8kDa 24h 43.5kDa

51.8kDa 96h

51.8kDa 60 oC Ag:SBB(1)

BBSH Ag:SBB (43.5kDa) Ag:SBB(2) (51.8kDa)

Figure 4-5(a),(b) Ag:SBB(1) BBSH

40 oC 80 oC LDI-

33.8kDa Ag:SBB(2) (51.8kDa)

40 oC 80 oC

 

Ag:SBB(1) BBSH (GPC)

TEM Figure 4-6 Ag:SBB(1) BBSH

0h 35.5min

Ag:SBB(1)

GPC

Ag:SBB

96h 96h

Figure 4-7 Ag:SBB(2) TEM TEM

2.1±0.2nm Ag:SBB

Au:SR

RSH  
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Figure 4-3.  Ag:SBB(1) . Ref. 11  
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Figure 4-4.  Ag:SBB(1) BBSH 60oC
ESI- . Ref. 11  

4 4 A SBB(1) BBSH 60oC
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Figure 4-5.  Ag:SBB(1) BBSH (a) 40oC  (b) 80 oC
LDI- . Ref. 11  
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Figure 4-6.  Ag:SBB(1) BBSH 60oC
. Ref. 11  
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Figure 4-7.  Ag:SBB(2) . Ref. 11  
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4.4.2   

 

Ag:SBB(2)

Figure 4-8 Ag:SBB(2) Ag 3d X

Ag0 367.9eV (Ag 3d5/2) 373.9eV (Ag 3d3/2) Ag:SBB(2)

Ag Figure 4-9 Ag:SBB(2) XRD

Ag:SBB(2) Ag

(111) (200) (220) (311) Ag:SBB(2)

Ag:SBB(2)

Ag Figure 4-10 Ag:SBB(2)

5 LDI-

33.8kDa

5

Ag:SBB(2)  
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Figure 4-8.  Ag:SBB(2) Ag 3d X . Ag0

. Ref. 11  
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Figure 4-9.  Ag:SBB(2) X . Ref. 11
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Figure 4-10.    Ag:SBB(2) (a) (b) Toluene
LDI- . Ref. 11  
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4.4.3   

 

Figure 4-11 Ag:SBB(2) ESI- LDI-

ESI- 51.8kDa LDI- 33.8kDa

18.0kDa Au:SR LDI-

S C 6 – 9 

Ag:SR S C 4,10 

Ag:SBB(2) SBB S C

18.0kDa ~120SBB Ag:SBB(2)

Ag~280(SBB)~120  

Ag:SBB(2) Ag:SBB(2) Ag 58.9w%, SBB 41.1w%

Ag~280(SBB)~120 Ag 58.4w%, SBB 

41.6w% Ag:SBB(2)

Ag~280(SBB)~120  

43.5kDa Ag:SBB

Figure 4-12 Ag:SBB (43.5kDa) ESI- LDI-

Ag~223(SBB)~108  
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Figure 4-11.  Ag:SBB(2) ESI- LDI- . 
Ref. 11  
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Figure 4-12.  Ag:SBB ESI- LDI-
. Ag:SBB(2) . Ref. 11  

4 12 Ag:SBB ESI LDI
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4.4.4   

 

Figure 4-13 Ag:SBB(2) UV-Vis 1000nm

700nm 800nm

Ag:SC12H25 ( 1.2nm) 1 420nm

Ag:SBB(2)  

 

 

4.4.5   

 

Ag:SBB BBSH Ag:SBB(1)

Ag~223(SBB)~108 Ag~280(SBB)~120

Au:SR
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SBB Ag
tBu SBB 120

Ag

Ag:SBB(2)

Figure 4-14 Ag:SBB(2) HR-TEM

5 Au:SR

Au2(SR)3 Au(SR)2

 (Figure 1-8, 1-9) HR-TEM Ag:SBB(2) Au:SR

Ag (10.5g cm-3) dave = 2.1nm

Ag ~227

~53 Ag-SR  
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Figure 4-13.  Ag:SBB(2) UV-Vis . Ref. 11  4 13 Ag:SBB(2) UV Vis Ref 11
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Figure 4-14.  Ag:SBB(2) . Ref. 11  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

115 
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Figure 5-1  
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