
25  

 

7211701  



i 
 

 

 

 
 

 
 

Chapter 1 ·································································································· 1 
 

1.1  ························································································· 1 
1.2  ··················································································· 2 
1.3  ···································································· 5 
1.4 ·································································· 6 
1.5  ··················································································· 8 

 
Chapter 2 ·································································································· 9 

 
2.1  ······························································································· 9 
2.2  ····························································································· 11 

2.2.1  ························································································ 11 
2.2.2  ·················································································· 11 

2.3  ·············································································· 15 
2.3.1  ·························································· 15 
2.3.2  ·························· 21 
2.3.3  ········································· 29 

2.4  ····························································································· 35 
 
Chapter 3 ································································································ 37 

 
3.1  ····························································································· 37 
3.2  ····························································································· 38 

3.2.1  ························································································ 38 
3.2.2  ·················································································· 38 

3.3  ·············································································· 41 
3.3.1  ·························································· 41 
3.3.2  ·························· 49 
3.3.3  ··································································· 62 

3.4  ····························································································· 65 
 



ii 
 

Chapter 4 ································································································ 67 
 

4.1  ····························································································· 67 
4.2  ····························································································· 68 

4.2.1  ························································································ 68 
4.2.2  ·················································································· 68 

4.3  ·············································································· 71 
4.3.1  ·························································· 71 
4.3.2  ·························· 73 
4.3.3  ··································································· 83 

4.4  ····························································································· 85 
 
Chapter 5 ································································································ 87 

 
5.1  ····························································································· 87 
5.2  ····························································································· 90 

5.2.1  ························································································ 90 
5.2.2  ·················································································· 91 

5.3  ·············································································· 96 
5.3.1  ···················································· 96 
5.3.2  ························· 103 
5.3.3  ·········· 107 
5.3.4  ·································································· 117 

5.4  ···························································································· 126 
 
Chapter 6 ······························································································· 128 

 
 

 ································································································ 131 
 

 ····························································································· 138 
 

 ······································································································ 139 
 



Chapter 1 
 

- 1 - 
 

Chapter  

 

 
1.1  

 
20

1974
ICPE

1)

2000 6

2)3)

10 1
1 nm 10 1 1000

1 IT

nm

nm nm

4)

TEM SEM SPM

5)6)  

7) 8)9) 10) 11)12) 13)

14)-16) 17)  

18)



Chapter 1 
 

- 2 - 
 

19)-25)

 

26)

 
 

1.2  

nm, 10-9 m

μm, 10-6 m Fig.1-1
1 55

1.3 nm 147 2.0 nm 1.0 
nm 15 6)  

Fig.1-1  
  

150 1857 M. Faraday
27)28)

1679 Johann Kunckel

29) Maxwell-Garnett30)31)

10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10

mm μm nm Å

m 10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10

mm μm nm Å

m



Chapter 1 
 

- 3 - 
 

Mie32) 33)  
nm

14)-16) 8)9) 10)

11)12) 13)

Fig.1-2 7), 34)-36)  

 
Fig.1-2  

 
37)38)

LSPR
LSPR s

Fig.1-3

LSPR
LSPR
LSPR

530 nm
420 nm



Chapter 1 
 

- 4 - 
 

LSPR
 

39) 40)

LSPR
LSPR

s 1
Table 1-1

s

LSPR
 

5)6), 37), 41)42)

X

 
 
 
 
 
 
 
 
 
 
 
 

Fig.1-3  
 

 
 

  
  

 

 



Chapter 1 
 

- 5 - 
 

Table 1-1  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
1.3  

Ti 9
43)

44)-46)

380 nm
Fig.1-4

47)48) 1970
49)50)

 

380 nm

47)48), 51)

52)53) 54)-62) 63)64) 65)



Chapter 1 
 

- 6 - 
 

63), 66)67)  

68)-70)

71)72)

1997
73)  

 

Fig.1-4  
 

1.4  
1.2

LSPR

74) 1.3



Chapter 1 
 

- 7 - 
 

LSPR

18), 75)

76)

 
2003

21)

19)20)

77)-79)  

18), 25), 74)

Fig.1-5

n  

 

 

 Fig.1-5  
 



Chapter 1 
 

- 8 - 
 

2

80)  
 
1.5  

6
 

 
1  

 
2

 
 

3 2

 
 

4

 
 

5

2

 
 

6



Chapter 2 
 

- 9 - 
 

Chapter 2 

 

 
 
 

2.1  
LSPR

33), 81)-83)

8)9), 84) 11), 85)

10)-17)

X

6), 37) 27), 86)-88) 89)

90)-92)

93)  

94)

89)

95)-98)

47)48) 74), 79)

19)-21), 24)

99)-101)

102)-104)



Chapter 2 
 

- 10 - 
 

 

4

26), 105)  

CTAB

106)-109)

CTAB

110)111)

 



Chapter 2 
 

- 11 - 
 

2.2  
2.2.1  
2.2.1.1  

CH3(CH2)15N(CH3)3Br  CTAB, Aldrich  
 
2.2.1.2  

H2NNH2 H2O, 
 

 
2.2.1.3  

AgNO3,  
 
2.2.1.4  

Ti[OCH(CH3)2]4 TTIP, 
 

 
2.2.1.5  

> 18.2 M  cm C2H5OH EtOH, 
 

 
2.2.2  
2.2.2.1 112) 

20 g
100 mM 0.5 g

1 50 mM 0.5 g
10 Scheme2-1

 
3500 rpm 20  

 
2.2.2.2  

TTIP 25 g 2.2.2.1
20 g 5

 
  



Chapter 2 
 

- 12 - 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme2-1  
 

Scheme2-2  
 
2.2.2.3  

UV/vis

UV/vis
U-3310

1 mm  



Chapter 2 
 

- 13 - 
 

TEM H-7650

DLS
 

X XRD
RINT2100 CuK
95 ˚C, 5 h  3 ˚C min-1  

 
2.2.2.4  

PVA 5 cm 5 cm
PVA 15 ml

PVA 30
60 120 180 30

CH3CH2OH, 
30 30

30
30 30

 
HOYA L-42

420 5 nm 90
PerkinElmer ILC  MR90

HOYA U-340
260 nm 390 nm 10 mW cm-2

L-42 U-340 UV/vis Fig.2-1 Fig.2-2
CERMAX

PerkinElmer ILC LX300
300 W CERMAX

SAN-EI SUPERCURE-203S
200 W  

  



Chapter 2 
 

- 14 - 
 

 
 
 

Fig.2-1 L-42 UV/vis  
 
 
 

 

Fig.2-2 U-340 UV/vis  
 
 
 



Chapter 2 
 

- 15 - 
 

2.3  
2.3.1  
2.3.1.1  

CTAB
CTAB 0.1 10 mM

UV/vis Fig.2-3 UV/vis
Fig.2-4  

Fig.2-3 CTAB 0.1 mM
2 10 mM

1 1.5 mM
CTAB

CTAB CTAB

CTAB Br
CTAB

CTAB
CTAB CTAB

CTAB 20 mM

CTAB 1 mM 1.5 mM
CTAB

CTAB cmc
CTAB

CTAB
 

Fig.2-4 UV/vis
LSPR

CTAB
LSPR

 

CTAB LSPR
1 mM CTAB 1 mM

 
 
 



Chapter 2 
 

- 16 - 
 

Fig.2-3 CTAB  
 

Fig.2-4 CTAB UV/vis  
 
2.3.1.2 1 mM  

CTAB 1 mM
TEM XRD TEM Fig.2-5 XRD Fig.2-6

 
Fig.2-5 TEM 10 nm

10 nm
10 nm

 
Fig.2-6 XRD

AgBr
CTAB

CTAB

0.1 mM 10 mM8 mM3 mM2 mM1.5 mM1 mM0.1 mM 10 mM8 mM3 mM2 mM1.5 mM1 mM



Chapter 2 
 

- 17 - 
 

[AgBr2] 200

CTAB 2 mM
 

CTAB 1 mM 10 nm
 

 
 

 

Fig. 2-5 CTAB 1 mM TEM  
 
 
 
 
 

50 nm50 nm



Chapter 2 
 

- 18 - 
 

 
 

Fig.2-6 CTAB 1 mM XRD  
 

2.3.1.3  

CTAB
 
2

6)

4)



Chapter 2 
 

- 19 - 
 

113)114)

2  

CTAB
2.1

CTAB CTAB
106)-109)

CTAB 25 ˚C  

1
Fig.2-7

cmc

 

Fig.2-7  
 

CTAB
112)

CTAB 4
C16 CTAB

van der Waals 6)

CTAB
CTAB



Chapter 2 
 

- 20 - 
 

Fig.2-8  

CTAB
2

CTAB
 

 

Fig.2-8 CTAB  
CTAB  



Chapter 2 
 

- 21 - 
 

2.3.2  
2.3.2.1 1 mM  

TTIP 1 mM
UV/vis TEM

XRD UV/vis Fig.2-9 XRD
Fig.2-10 TEM Fig.2-11  

Fig.2-9 UV/vis a CTAB 1 mM
LSPR 405 nm

UV/vis b
LSPR

115)116) LSPR
TTIP 25 mL

 
Fig.2-10 XRD a

2 38.0 44.2 64.4 77.3

XRD b

 
Fig.2-11 TEM

5 10 nm

10 nm 2.3.1.2 CTAB 1 mM
Fig.2-5  

TTIP 1 mM TTIP

 
 
 
 
 
 
 
 
 
 



Chapter 2 
 

- 22 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2-9 a b TTIP 1 mM  
UV/vis  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2-10 a b TTIP 1 mM  
XRD  

 
 
 



Chapter 2 
 

- 23 - 
 

 
 

Fig.2-11 TEM  
 
 
 

100 nm

10 nm

TiO2

Ag

100 nm100 nm

10 nm

TiO2

Ag
10 nm10 nm

TiO2

Ag



Chapter 2 
 

- 24 - 
 

2.3.2.2  

CTAB 1 mM 0.1 5 10 mM TTIP

UV/vis TEM UV/vis
Fig.2-12 TEM Fig.2-13  

Fig.2-12 UV/vis TTIP 1 mM
LSPR LSPR

TTIP
300 400 nm

TTIP 1 mM
LSPR

CTAB
CTAB

 

Fig.2-12 TTIP UV/vis  
 

Fig.2-13 TEM TTIP 1 mM
TTIP 1 mM

5 10 nm TTIP 5 mM 10 15 nm TTIP 10 
mM 15 20 nm TTIP 0.1 mM

 
TTIP



Chapter 2 
 

- 25 - 
 

TTIP TTIP

TTIP
 

 

Fig.2-13 TTIP  
TEM  

 
 
 
 

50 nm

0.1 mM

50 nm

1 mM

50 nm

5 mM

50 nm

10 m M

50 nm

0.1 mM

50 nm

1 mM

50 nm

5 mM

50 nm

10 m M



Chapter 2 
 

- 26 - 
 

2.3.2.3  
2.3.1.3

TTIP TTIP  

110)111) TTIP

M(OR)n M R n
117)118)

2.1
x

2.2 2.3
 

Scheme 2-3 Scheme 2-4 119)

H+ OR O
OR OH 120)

M(OR)4

H2O H2O
M(OR)3(OH) OR

M(OR)3OH
1

OH M(OR)4 M OR (OR ) M
120) OH

M(OR)4 OR OH
OR OH

M(OR)4

M(OR)4

3  
 
 
 
 



Chapter 2 
 

- 27 - 
 

 

xROHOROHMOxHORM xnnn 2 2.1  

 
 

 
ROHMOMMOROHM 2.2  

 

OHMOMMOHOHM 2 2.3  

 

Scheme 2-3 119) 

Scheme 2-4 119) 

 
TTIP

3

110)111)  
25 g TTIP

1 mM CTAB 20 g 20 g
TEM

TEM
CTAB

TTIP
CTAB TTIP

 
2.3.1.3 4

CTAB
CTAB

CTAB

M

OR

OR
ORRO

O
H H

M

OR

OR
ORRO
+

H+
M

OR

OR
ORHO

H

+ M
OR

OR

OR
HO

M O M OO

OR

OROR

OR

ROH
M

OR

OR
ORRO

M

OR

OR
ORRO

O
H H

O
H H

M

OR

OR
ORRO
+

H+
M

OR

OR
ORHO

H

+ M

OR

OR
ORHO

H

+ M
OR

OR

OR
HO

M
OR

OR

OR
HO

M O M OO

OR

OROR

OR

M O M OO

OR

OROR

OR

ROH

OR

OR
ORRO

M

OR

OR
ORRO

M

OR

OR
ORRO

M

OR

OR
ORHO

M

OR

OR
ORHO

M

OH

OH
OHHO

M

OH

OH
OHHO

M O M OO

O

O

O

O

M O M

M O M

OH RO
OR

OR
ORRO

M

OR

OR
ORRO

M

OR

OR
ORRO

M

OR

OR
ORHO

M

OR

OR
ORHO

M

OH

OH
OHHO

M

OH

OH
OHHO

M O M OO

O

O

O

O

M O M

M O M

OH RO



Chapter 2 
 

- 28 - 
 

2 4
 

CTAB 1 mM CTAB
CTAB

Fig.2-14 TTIP
CTAB

CTAB
TTIP

 

 
Fig.2-14  

CTAB  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 2 
 

- 29 - 
 

2.3.3  
2.3.3.1  

TTIP 1 mM
 

PVA
UV/vis Fig.2-15

UV/vis Fig.2-16  
Fig.2-15 PVA

Fig.2-16 UV/vis
LSPR max

 
PVA

 
 

Fig.2-15 PVA  
 
 

Fig.2-16 max  
 

 
 

Vis.30 min Vis.60 min Vis.120 min Vis.180 minVis.30 min Vis.60 min Vis.120 min Vis.180 min



Chapter 2 
 

- 30 - 
 

2.3.3.2  
30 PVA

 

UV/vis Fig.2-17 UV/vis
Fig.2-18  

Fig.2-17 30
Fig.2-18

UV/vis LSPR max

LSPR
LSPR

Ag2O  
PVA

 



Chapter 2 
 

- 31 - 
 

Fig.2-17 PVA  
 

 

Fig.2-18 max  
 

2.3.3.3  

 

18), 21)-25), 74)  
Fig.2-19

410 nm

Vis.30 min UV30 min Vis.30 min UV30 min Vis.30 min UV30 minVis.30 min UV30 min Vis.30 min UV30 min Vis.30 min UV30 min



Chapter 2 
 

- 32 - 
 

 
Fig.2-20 n

3.2 eV

 
  



Chapter 2 
 

- 33 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2-19  
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2-20  
 



Chapter 2 
 

- 34 - 
 

2.3.3.4  

PVA
2.2.2.2

180
TEM Fig.2-21  

Fig.2-21 TEM
20 nm 5 nm

 

71), 121)

 
 

Fig.2-21 TEM  

200 nm
10 nm

200 nm
10 nm10 nm



Chapter 2 
 

- 35 - 
 

2.4  

CTAB
TTIP

 
 
 

CTAB
 

 
CTAB 0.1 10 mM

CTAB 1 mM
LSPR 10 nm

 

CTAB
4

CTAB
 

 
 

TTIP
 

 
TTIP

TTIP
CTAB 1mM 1 mM

TTIP

10 nm 5 10 nm
 

CTAB 4
TTIP

TTIP



Chapter 2 
 

- 36 - 
 

TTIP 20 g
CTAB 1 mM 20 g

 
TTIP TTIP 1 mM

5 10 nm TTIP 5 mM 10 15 nm TTIP 10 mM
15 20 nm TTIP

 

20 nm 5 nm



Chapter 3 
 

- 37 - 
 

Chapter 3 

 

 

 
 
 

3.1  
Chapter 2

CTAB
TTIP

4
CTAB TTIP

 
LSPR

LSPR
74), 76), 79)

CTAB

106)-109)

 



Chapter 3 
 

- 38 - 
 

3.2  
3.2.1  
3.2.1.1  

CH3(CH2)15N(CH3)3Br  CTAB, Aldrich  
 
3.2.1.2  

H2NNH2 H2O, 
NaBH4, 

 
 
3.2.1.3  

HAuCl4 4H2O
 

 
3.2.1.4  

Ti[OCH(CH3)2]4 TTIP, 
 

 
3.2.1.5  

> 18.2 M  cm C2H5OH EtOH, 
 

 
3.2.2  

Chapter2  
 
3.2.2.1  

20 g
100 mM 0.5 g

1 2.5 mM 0.5 g
10  

100 mM
 

 
3.2.2.2  

TTIP 25 g 3.2.2.1
20 g 5

 
 
 



Chapter 3 
 

- 39 - 
 

3.2.2.3  
UV/vis

UV/vis
U-3310

10 mm  

TEM H-7650

 
X XRD

RINT2100 CuK
95 ˚C, 5 h  3 ˚C min-1  

 
3.2.2.4  

Fig.3-1 2-
2-

2.2.2.4 PVA
PVA Fig.3-2 300 mL

2- 423 ppm
2-

HOYA
L-42 420 5 nm 90

PerkinElmer ILC  MR90
3 m

Sorbitol
CERMAX

PerkinElmer ILC LX300 300 
W CERMAX  
  



Chapter 3 
 

- 40 - 
 

Fig.3-1  
 
 
 

Fig.3-2  



Chapter 3 
 

- 41 - 
 

3.3  
3.3.1  
3.3.1.1  

CTAB
CTAB

CTAB 0.1 20 mM
UV/vis

Fig.3-3 UV/vis Fig.3-4  
Fig.3-3

6) CTAB
CTAB

 
Fig.3-4 UV/vis LSPR

520 nm
LSPR

LSPR

 

6)

3 LSPR
CTAB

LSPR
 

CTAB

CTAB cmc 1 mM
LSPR

CTAB 
1 mM  



Chapter 3 
 

- 42 - 
 

Fig.3-3 CTAB  
 

Fig.3-4 CTAB UV/vis  
 
3.3.1.2 1 mM  

CTAB 1 mM
TEM XRD TEM Fig.3-5 XRD Fig.3-6

 
Fig.3-5 TEM 10 20 nm

Fig.3-6 LSPR

Fig.3-5
 

Fig.3-6 XRD
 

2 mM0.1 mM 1 mM 1.5 mM 5 mM 20 mM10 mM2 mM0.1 mM 1 mM 1.5 mM 5 mM 20 mM10 mM



Chapter 3 
 

- 43 - 
 

CTAB 1 mM 10 20 nm

CTAB
 

 
 

Fig. 3-5 CTAB 1 mM TEM  
  

100 nm100 nm



Chapter 3 
 

- 44 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3-6 CTAB 1 mM XRD  
 
3.3.1.3  

CTAB
NaBH4

 
CTAB 0.1 20 mM

UV/vis
Fig.3-7 UV/vis Fig.3-8

 
Fig. 3-7

5 mM

CTAB  NaBH4

LSPR
20 nm

3 nm
122)

CTAB
CTAB

5 nm TEM
6), 123)-127) 5 mM



Chapter 3 
 

- 45 - 
 

 
Fig.3-8 UV/vis CTAB 5 mM

LSPR LSPR
520 nm

LSPR
Fig.2-10 NaBH4 CTAB

5 mM LSPR
 

NaBH4

CTAB
CTAB cmc 1 mM

CTAB 1 mM  
CTAB 1 mM NaBH4

TEM XRD TEM
Fig.3-9 XRD Fig.3-10  

Fig.3-9 TEM 5 nm Fig.3-8 LSPR
 

Fig.3-10 XRD
 

NaBH4 5 nm
NaBH4

Fig.3-7
TEM XRD

CTAB
TEM

NaBH4

-SH 6), 128)129)

 
  



Chapter 3 
 

- 46 - 
 

Fig.3-7 NaBH4  
 
 

Fig.3-8 NaBH4  
UV/vis  

  

2 mM0.1 mM 1 mM 1.5 mM 5 mM 20 mM10 mM2 mM0.1 mM 1 mM 1.5 mM 5 mM 20 mM10 mM



Chapter 3 
 

- 47 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3-9 NaBH4 TEM  
CTAB 1 mM  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3-10 NaBH4

XRD CTAB 1 mM  

20 nm20 nm



Chapter 3 
 

- 48 - 
 

3.3.1.3  

CTAB
 

CTAB Br
130)

6) CTAB
CTAB 2

Fig.3-11 CTAB
 

 

Fig.3-11 CTAB  
 



Chapter 3 
 

- 49 - 
 

3.3.2  
3.3.2.1  

CTAB 1 mM TTIP 1 mM
UV/vis

TEM
Fig.3-12 TEM Fig.3-13  

Fig.3-12 UV/vis a CTAB 1 mM
LSPR 580 nm

UV/vis b
LSPR

TTIP
LSPR TTIP

25 mL  
Fig.3-13 TEM

TTIP
CTAB

CTAB 1 mM 0.1 mM

CTAB 3.3.1.3
CTAB 2

CTAB 1 mM 2 20 mM

CTAB
 

CTAB
CTAB

 
  



Chapter 3 
 

- 50 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3-12 a b TTIP 1 mM  
UV/vis  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3-13 TTIP 1 mM TEM  

100 nm100 nm
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TTIP
CTAB 1 mM 5 10 mM

UV/vis
TEM UV/vis Fig.3-14 XRD
Fig.3-15 TEM Fig.3-16 3-17  

Fig.3-14 UV/vis TTIP
LSPR TTIP 1 mM TTIP

LSPR TTIP
400 nm

 
Fig.3-15 XRD a

2 38.3 44.4 64.7 77.6 81.8
TTIP 10 mM

XRD b

 
Fig.3-16 TEM TTIP 5 mM

10 15 nm
10 nm Fig.3-17 TEM TTIP 10 mM

15 20 nm TTIP TTIP

Fig.3-16 3-17 CTAB
 

CTAB
TTIP

CTAB
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Fig.3-14 TTIP UV/vis  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3-15 a b TTIP 10mM
XRD  
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Fig.3-16 TTIP 5 mM TEM  
 

Fig.3-17 TTIP 10 mM TEM  
 

30 nm30 nm

30 nm30 nm30 nm
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3.3.2.2  

CTAB

CTAB
2.5 mM 50 mM

UV/vis
10 mM Fig.3-18

UV/vis Fig.3-19  
Fig.3-18

6)  
Fig.3-19  UV/vis LSPR 560 nm

LSPR

LSPR 350 nm
 

10 mM
 

TTIP 1 5 10 mM
UV/vis

TEM UV/vis Fig.3-20 TEM
Fig.3-21 3-22 3-23  

Fig.3-20 UV/vis TTIP
LSPR 300 400 nm

 
Fig.3-21 3-22 3-23 TEM TTIP

Fig.3-21 Fig.3-13

CTAB TTIP
TTIP TTIP

Fig.3-22 Fig.3-16 Fig.3-23 Fig.3-17
 

CTAB CTAB
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Fig.3-18  
 
 
 

Fig.3-19 UV/vis  

10 mM2.5 mM 10 mM2.5 mM
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Fig.3-20 TTIP UV/vis  
 
 
 

 

Fig.3-21 TTIP 1 mM TEM  
10 mM  

 
 
 

100 nm 100 nm100 nm100 nm 100 nm100 nm
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Fig.3-22 TTIP 5 mM TEM  
10 mM  

 
 
 

 

Fig.3-23 TTIP 10 mM TEM  
10 mM  

 
 
 

100 nm 100 nm100 nm100 nm 100 nm100 nm

100 nm 100 nm100 nm100 nm 100 nm100 nm
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3.3.2.3  

NaBH4  

CTAB 1 mM TTIP 1 mM
UV/vis TEM UV/vis

Fig.3-24 TEM Fig.3-25  
Fig.3-24 UV/vis b CTAB 1mM
LSPR 510 nm

UV/vis a LSPR

N2H4
115)116) NaBH4

5 nm

LSPR

LSPR TTIP 25 mL
 

Fig.3-25 TEM N2H4

N2H4 TTIP

 
N2H4 TTIP

10 mM
UV/vis TEM UV/vis

Fig.3-26 TEM Fig.3-27  
Fig.3-26 UV/vis TTIP 1 mM TTIP 10 

mM 400 nm
 

Fig.3-27 TEM
40 nm

5 nm
TEM Fig.3-9
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Fig.3-24 a b TTIP 1 mM  
UV/vis NaBH4  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3-25 TTIP 1 mM TEM NaBH4  
 
  

100 nm100 nm
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Fig.3-26 a b TTIP 10 mM  
UV/vis NaBH4  

 

Fig.3-27 TTIP 10 mM TEM  
NaBH4  

 
 
 

30 nm30 nm
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3.3.2.4  
3.3.1.3

2.3.2.3  
2.3.2.3 TTIP CTAB

3.3.1.3
CTAB 2

CTAB
TTIP CTAB

 
Fig.3-28

CTAB
TTIP
 

6) CTAB
CTAB

CTAB CTAB
TTIP

CTAB TTIP
CTAB

 

 
Fig.3-28  
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3.3.3  
3.3.3.1  

2-
CTAB 1 mM TTIP 10 mM

PVA CTAB 1 mM 
TTIP 10 mM PVA

Fig.3-29  
Fig.3-29 2-

 
 

Fig.3-29 2-  
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3.3.3.2  

 
43)44), 48), 132)-139) n

 

n

18), 74)  

n

Fig.3-30

18)-20), 24), 74), 76)  

18), 74)  

Fig.3-31  
 

18)-20), 24), 74), 76)  
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Fig.3-30 74) 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3-31 137) 
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3.4  
LSPR

LSPR

 
 
 

CTAB
 

 
CTAB 0.1 20 mM

CTAB

CTAB 1 mM 10 20 nm

LSPR
 

CTAB 1 mM
5 nm

 

CTAB 2
CTAB

CTAB
 

 
 

 
 

TTIP
TTIP

CTAB 1mM TTIP 1 mM TTIP
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TTIP 10 mM
10 nm

15 20 nm

CTAB CTAB
 

10 mM
TTIP 10 mM

2-

 

TTIP 10 mM

5 nm
40 nm
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Chapter 4 

 

 

 
 
 

4.1  
Chapter 3

140)

141)-143)

144)  

140), 144)
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4.2  
4.2.1  
4.2.1.1  

CH3(CH2)15N(CH3)3Br  CTAB, Aldrich  
 
4.2.1.2  

H2NNH2 H2O, 
 

 
4.2.1.3  

HAuCl4 4H2O
 

 
4.2.1.4  

Ti[O(CH2)3CH3]4 TTBO, 
 

 
4.2.1.5  

> 18.2 M  cm C2H5OH EtOH, 
1- C3H7OH PrOH, 1- C4H9OH BuOH, 

1- C5H11OH PeOH, 1-
C6H13OH HeOH, 1- C8H17OH OcOH, 

CH3CN AN,  
 
4.2.2  
4.2.2.1  

20 mL
10 mM 0.5 mL

1 1 M 0.5 mL
10

Scheme 4-1  
 
4.2.2.2  

25 mL TTBO 1 mM
4.2.2.1 20 mL

2
Scheme 4-2  
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Scheme 4-1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 4-2  
 

 
 
 



Chapter 4 
 

- 70 - 
 

4.2.2.3  
UV/vis

UV/vis
Agilent 8453A 10 mm

 

TEM H-7650

 
 
4.2.2.4  

3.2.2.4
Shott VG-9 LSPR

500 560 nm  
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4.3  
4.3.1  
4.3.1.1  

CTAB
CTAB CTAB

0.1 20 mM
UV/vis

Fig.4-1 UV/vis Fig.4-2  
Fig.4.1 CTAB 0.1 mM 1 mM

6) CTAB 1.5 mM

CTAB
 

Fig.4-2 UV/vis CTAB
0.1 1 mM LSPR

CTAB 1.5 mM
520 nm LSPR

CTAB 2 mM LSPR

CTAB 2 mM  
 
 
 
 
 
 
 
 

Fig. 4-1 CTAB  
 
 
 
 
 
 
 
 

2 mM2 mM0.1 mM0.1 mM 1 mM1 mM 1.5 mM1.5 mM 5 mM5 mM 20 mM20 mM10 mM10 mM3 mM2 mM2 mM0.1 mM0.1 mM 1 mM1 mM 1.5 mM1.5 mM 5 mM5 mM 20 mM20 mM10 mM10 mM3 mM
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Fig. 4-2 CTAB UV/vis  
 
4.3.1.2 2 mM  

CTAB 2 mM TEM
Fig.4-3  

Fig.4-3 TEM 10 15 nm

DLS 13 nm
TEM  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.4-3 CTAB 2 mM TEM  
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4.3.2  
4.3.2.1  

0 1
TEM Fig.4-4  

Fig.4-4 TEM 0 a

0.25 b

0.75 c

1 d 0.75

TTBO

145)

0.5
 



Chapter 4 
 

- 74 - 
 

 
 

Fig. 4-4 AN BuOH  
TEM  
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4.3.2.2 0.5  
 
0.5

UV/vis
TEM UV/vis Fig.4-5

TEM Fig.4-6  
Fig. 4-5 UV/vis a TTBO

LSPR 527 nm
TTBO UV/vis b LSPR 537 nm

10 nm
TTBO

6)

TTBO
TTBO TTBO

 
Fig.4-6 TEM 10 25 nm

10 15 nm 4.3.1.2
CTAB 2mM Fig.4-3

 
TTBO 1 mM TTBO

=1/1 v/v
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4-5 a b TTBO 1 mM  
UV/vis   
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Fig. 4-6 TEM  
 

4.3.2.3  

4.2.2.2 0 25 80 ˚C
4.3.2.1 4.3.2.2

(AN/(AN+BuOH)) 
= 0.5 0.5

TEM Fig.4-7
 

Fig.4-7 TEM 0 ˚C
80 ˚C 25 ˚C

146)

146)

147) Fig.4-8

100 nm100 nm
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Ti(OH)4 y x

Fig.4-8 a

Fig.4-8 b  
 

Fig. 4-7 0 25 80 ˚C  
TEM  
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C Cs  
Fig.4-8 vs 147) 

 
4.3.2.4  

TTBO

 

4.2.2.2 1- C4

EtOH C2 1- PrOH C3 1- PeOH C5

1- HeOH C6 1- OcOH C8

TEM Fig.4-9
 

Fig. 4-9 TEM

TEM
EtOH

4 7 nm PrOH 4 7 nm BuOH 10 25 nm PeOH 16 30 nm
HeOH 36 54 nm OcOH 38 78 nm  
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Fig.4-9  
TEM  
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4.3.2.5  
3.3.1.3

TTBO TTBO
2.3.2.3

 
TTBO

3
110)111)

3

4.1
TTBO

140), 144)  

Table 4-1 Table 4-2 140)

Table 4-1 Table 4-2

144)

TTBO
TTBO

149)

TTBO TTBO 3 TTIP
 

3.3.1.3
CTAB 2



Chapter 4 
 

- 81 - 
 

CTAB
OH OH

6), 26) CTAB
CTAB

2.3.2.3  
TTBO

CTAB
TTBO

TTBO

CTAB
TTBO

CTAB
CTAB

 

150)

Fig.4-10
 



Chapter 4 
 

- 82 - 
 

Table 4-1 140) 
Solubility parameter 

Reactivity 
(MPa 1/2 ) Butanol (23.3) Octanol (21.1) 

Emulsion 
Propylene carbonate 27.2 3.9 6.1 No reaction 
Acetonitrile 24.3 1.0  2.2 No reaction 
Dimethyl sulfoxide 24.5 1.2 2.4 No reaction 
Dimethyl formamide 24.8 1.5 2.7 No reaction 
Nitromethane 26.0  2.7 4.9 

    
Clear solution    
Methyl ethyl ketone 19.0  - 4.3 - 2.1 Reaction 
Acetone 20.2 -3.1 - 0.9 Reaction 
Methyl isobutyl 
ketone 

17.2 - 6.1 - 4.1 Reaction 

Methyl propyl 
ketone 

17.8 - 5.5 - 3.7 Reaction 

 
 
 

Table 4-2 141) 

Organic solvent 
Hydrogen bonding 

Solution 
Hydrolysis 

Comment 
capacity product 

Esters     
Propylene 
carbonate 

Moderate Emulsion Particle Monodisperse 

Nitriles     
Acetonitrile Moderate Emulsion Particle Monodisperse 
Propionitrile Poor Emulsion Particle Monodisperse 
Butyronitrile Poor Emulsion Particle Aggregation 

Sulfur compounds     
Dimethyl sulfoxide Moderate Emulsion Particle Monodisperse 

Amides     
Dimethyl 
formamide 

Moderate Emulsion Particle Monodisperse 
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Fig.4-10  
 
4.3.3  
4.3.3.1  

2-
1/1 (v/v)

TTBO 1 mM
PVA TTBO 1 mM

PVA Fig.4-11  
Fig.4-11 2-

2-

2 2-
2 2-
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500 560 nm 2-

2-

LSPR
3.3.3.2

3.3.3

 

 

Fig.4-11 2-  
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4.4  

CTAB

TTBO
3

 
 
 

CTAB
 

 
CTAB 0.1 20 mM

LSPR CTAB 2 mM
CTAB 2 mM

LSPR 10 15 nm
 

3
CTAB 2

CTAB
CTAB

 
 
 

TTIP TTBO
 

 
TTBO

TTBO
CTAB

10 15 nm 10
25 nm  
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=1/1 v/v

 
2-
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Chapter 5 

 

 
 
 

5.1  

520 nm LSPR

6), 123)124), 151)

2 3 LSPR
LSPR

46 %
 

125) Preparation 
of Rodlike Gold Partidles by UV Irradiation Using Cationic Micelles as a Template

CTAC
Yu

CTAB
152)

Murphy153)154) El-Sayed127)

Seed-Growth

Kim 155)

156)

 

3 CTAB
TC12AB

157)
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CTAB
158)

155)  
Fig.5-1

LSPR 520 nm
LSPR 830 nm LSPR

LSPR 124)

LSPR El-Sayed 83), 

159)160)  

Fig.5-1  
 

LSPR
830 nm

520 nm
380 750 nm LSPR

Fig.5-2
Fig.5-2

0.5 520 nm
1.1 410 nm

2 3
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Fig.5-2  
 

2
4
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5.2  
5.2.1  
5.2.1.1  

CH3(CH2)15N(CH3)3Br  CTAB, Aldrich
CH3(CH2)15N(CH3)3Cl  CTAC,  

 
5.2.1.2  

NaBH4, 
L- C6H8O6  

 
5.2.1.3  

HAuCl4 4H2O, 
 

 
5.2.1.4  

AgNO3  
 
5.2.1.5  

AgNO3  
 
5.2.1.6 pH  
pH NaOH  
 
5.2.1.7  

Ti[OCH(CH3)2]4 TTIP, 
Aldrich  
 
5.2.1.8  

> 18.2 MΩ cm 1-  
1-  
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5.2.2  
5.2.2.1  

B. Nikoobakht Seed-Growth 127)

Seed Growth  
 

 Seed  
200 mM CTAB 5 mL 1 mM 2.5 mL  

2.5 mL 10 mM
0.6 mL 5 Seed

 
Scheme 5-1  
 

 Growth  
200 mM CTAB 125 mL 4 mM x mL

1 mM 125 mL 100 mM
1.375 mL 0.375 mL 5.2.2.1

Seed 0.3 mL 27 ˚C 30
Scheme 5-2  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Scheme 5-1 Seed  
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Scheme 5-2 Growth  
 
 
5.2.2.2  

Niidome 161)

 
80 mM CTAC 1

8000 rpm 2 80 mM CTAC 10 mL
17 mg 10 mM AgCl

80 mM CTAC
10 mL  y mL 100 mM

 0.5 ml 10 mM AgCl
 0.25 mL pH 5.4 0.5 M NaOH

3
Scheme 5-3 Scheme 5-4  
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Scheme 5-3 AgCl  
 
 

Scheme 5-4  
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5.2.2.3  

CTAC CTAB 1
8000 rpm 2 TTIP

20 mL
1

Scheme 5-5
 

Scheme 5-5  
 
5.2.2.4  

UV/vis

UV/vis
Agilent 8453A 10 mm

 

TEM
H-7650 120 kV

EM  
 
5.2.2.5  

3.2.2.4 2-
2-
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50 mg φ=75 mm
300 mL

5
3500 rpm 2  

2 , 10 mW cm-2

50 2-
423 ppm 0.4 μL

2-
Kenko U-420

420±5 nm 90°
PerkinElmer ILC  MR90
λ > 420 nm, ca. 500 mW cm-2 5 m

Sorbitol
CERMAX

PerkinElmer ILC LX300
300 W CERMAX  
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5.3  
5.3.1  
5.3.1.1  

1.25 6.25 mL

UV/vis
Fig.5-3 UV/vis Fig.5-4

TEM TEM Fig.5-5
Fig.5-6 Table 5-1

Fig.5-7  
Fig.5-3

 
Fig.5-4 UV/vis 2

LSPR 520 nm
LSPR

LSPR
LSPR

 
Fig.5-5 TEM 1.25 mL

2.50 6.25 mL

Fig.5-6
Table 5-1 Fig.5-7

LSPR
 

LSPR 410 nm
LSPR

LSPR

5.00 mL
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Fig.5-3  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.5-4 UV/vis  
  

1.25 mL 2.50 mL 3.75 mL 5.00 mL 6.25 mL 
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Fig.5-5 TEM  
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Fig.5-6  
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Table 5-1  

 
 

mL  
 

nm  
 

nm  
 

a 1.25 14.6 26.7 1.93 
b 2.50 16.3 40.9 2.59 
c 3.75 14.6 47.2 3.27 
d 5.00 10.4 44.2 4.30 
e 6.25 9.11 42.1 4.67 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5-7 Seed-Growth  
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5.3.1.2  
1  

CTAB 100 110

CTAB
CTAB

C10TAB

162)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.5-8 162)163) 
 

2 127), 164) 

CTAB

 
Jana

AgBr2
165) CTAB
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Ag-Br 166) 164)

AgBr2

CTAB 4 Fig.5-7
Ag-Br

CTAB
CTAB

CTAB

 
Giannici

167) 

 
 
 
 
 
 
 
 

 
Fig.5-9  

 
3  
5.3.2.1 1 2

Fig.5-10  
Seed Growth CTAB

3 nm Seed
3.3.1.3

AuBr2
130)

6) CTAB
CTAB 2

 
Growth AgBr2

Seed 100 110 165), 167)

CTAB
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Fig.5-10  
 
5.3.2  
5.3.2.1  

5.00 mL
 

6.5 a 0.33 mL e

UV/vis
Fig.5-11 UV/vis Fig.5-12

TEM
Fig.5-13 Table 5-2  

Fig.5-11 Ag/Au

Ag/Au=50 e

Ag/Au LSPR
 

Fig.5-12 UV/vis
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LSPR

800 nm
660 nm LSPR

Ag/Au
Ag/Au

LSPR
Ag/Au

LSPR 340 nm Ag/Au
 

LSPR
a e  

LSPR a  
LSPR d e  

LSPR b c  
 

Fig.5-13 TEM a
b e

Fig.5-14 Pd
168)

169)-172) Ag e

TEM
 

Ag/Au
Ag/Au

Ag/Au

Ag/Au 5.0 b
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Fig.5-11 Ag/Au  

 
 

 

Fig.5-12 Ag/Au  
UV/vis  
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Fig.5-13 Ag/Au TEM  
 

Fig.5-14 168) 
  

Au NRs

(100)

(110)

Au NRs Au NRs

Pd ,Ag
(100) (100)

(110)

(100)

Pd ,Ag
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Table 5-2  

  
 

nm  
 

nm  
 

Au 0 10.4 44.2 4.30 
a 2.5 14.2 47.3 3.33 
b 5.0 17.0 47.8 2.81 
c 10 19.9 49.2 2.47 
d 20 24.7 51.1 2.07 
e 50 37.8 56.6 1.50 

 
5.3.3  
5.3.3.1 CTAC 60 mM  

20 mL 10 25 50 mM
60 mM CTAC

20 mL  

5 UV/vis TEM
UV/vis Fig.5-15 TEM Fig.5-16

 
Fig.5-15 UV/vis TTIP 10  25 50 mM

LSPR 570 nm
60 nm

8)9)

TTIP

 
Fig.5-16 TEM
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Fig.5-15 TTIP  
UV/vis  

 

Fig.5-16 TTIP  
TEM  

 
5.3.3.2  

2
60 mM

cmc CTAB 9.8×10-4M 1 mM 2
CTAC CTAB
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TTIP
2 EtOH

MeOH TTIP
1- 1-PrOH 1-

1-PeOH
TTIP 0.34 mM  

UV/vis TEM UV-vis
Fig.5-17 TEM Fig.5-18  

Fig.5-17 UV/vis EtOH MeOH 1-PrOH
340 nm

TTIP
LSPR

LSPR
1-PeOH

UV-vis

 
Fig.5-18 TEM MeOH EtOH 1-PrOH

10 nm 8 nm 4 nm 1-PeOH

1-PeOH
CTAB

 
MeOH EtOH 1-PrOH

MeOH

Sheme5-6
 

TTIP
4

MeOH
MeOH EtOH 1-PrOH MeOH

MeOH EtOH 1-PrOH 4
MeOH EtOH 1-PrOH
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bilayer

bilayer
bilayer MeOH

1-PrOH bilayer MeOH EtOH
1-PrOH

 

bilayer
EtOH

EtOH  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5-17  
UV/vis  

  



Chapter 5 
 

- 111 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5-18  
TEM  

 
Ti[OCH(CH3)2]4 + R-OH → Ti[O-R]4 + (CH3)2CHOH 

 
 
 

 
 

 
Scheme 5-6 TTIP  
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5.3.3.3  
TTIP 1 mM TTIP

EtOH 5.3.2.1

 
0 a 20 d

UV/vis
TEM UV/vis Fig.5-19 TEM

Fig.5-20  
Fig.5-19 UV/vis

LSPR

LSPR TTIP

8)9)

 
Fig.5-20 TEM

0 2.5

2
3

CTAB
CTAB

5 10 nm
10 nm a 8 nm b 6 nm c 5 nm d  
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Fig.5-19 Ag/Au  

UV/vis  
 

Fig.5-20 Ag/Au  
TEM  
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5.3.3.4  
Ag/Au=5.0 TTIP

TTIP  
TTIP 0.5 a 50 f

TEM
Fig.5-21 TEM Fig.5-22  

Fig.5-21 Ag/Au=5.0
TTIP 0.5 1.0 mM

TTIP
TTIP 5.0 mM

TTIP
 

Fig.5-22 TEM TTIP

TTIP

3 nm a 6 nm b 7 nm c 10 nm d 18 nm e > 20 nm f
 

 
 
 
 
 

 
 
 
 
 

Fig.5-21 TTIP  
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Fig.5-22 TTIP  
TEM  

 
5.3.3.5  

 
5.3.2.1 5.3.3.2 5.3.3.4

5.0 TTIP 1 mM
TTIP

TEM-EDX TEM Fig.5-23 EDX Fig.5-24
 

Fig.5-23 TEM

 
Fig.5-24 EDX Ti O Ag Au

TEM
Cu
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Fig.5-23 Ag/Au=5.0 TTIP 1 mM  
TEM  

 

 
Fig.5-24 Ag/Au=5.0 TTIP 1 mM  

EDX  
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5.3.3.6  

2.3.1.3 2.3.2.3

2.3.1.3
CTAB 4

CTAB
2

TTIP 2.3.2.3
CTAB

TTIP

Fig.5-25
 

Fig.5-25  
CTAB  

 
5.3.4  
5.3.4.1  

 
2-

0 2.5 5.0 20
CTAB 1 mM TTIP 1 mM

4

Fig.5-26
5.2.2.5
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5.3.3.3  
Fig.5-26 2-

2-

2- 2
2 2-

2-
2

2-

LSPR

2-
Fig.5-27 Table 5-3  

Fig.5-27 Table 5-3 Ag/Au=5.0

Ag/Au=0 8
Fig.5-18 UV/vis

LSPR
Table 5-3 420 900 nm

Ag/Au=20
LSPR

LSPR
LSPR

800 nm Ag/Au=0 @TiO2 a 649 nm Ag/Au=2.5 @TiO2 b 602 nm Ag/Au=5.0 @TiO2
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Fig.5-27 2-  
 

Table 5-3  

 
k 

min-1  
* 

arb.unit  
 

nm  
TiO2

nm  

Ag/Au=20 @TiO2 0.051 290 469 5 

Ag/Au=5.0 @TiO2 0.444 279 602 6 

Ag/Au=2.5 @TiO2 0.189 181 649 8 

Ag/Au=0 @TiO2 

Au @TiO2  
0.053 57 800 10 

TiO2 0.007    

420  λ  900 nm  
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Fig.5-29 2-  

 
Table 5-4  

 
k 

min-1  
TiO2  

nm  
TTIP 0.5 mM 0.070 3 
TTIP 1.0 mM 0.444 6 
TTIP 5.0 mM 1.778 7 
TTIP 10 mM 2.277 10 
TTIP 50 mM 0.152 > 20 
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