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(T. Sugimoto, Adv. Colloid Interface Sci. 28, 65 (1987).)



¥
0
>
¥
w
Mt

R

BARE ] 5 &hiF Rk
PEAERGR T

Ve

B EOARRZ D

T

=i —>









12






™
o
)
L
3

G'FEZOg



1 mol/I

1/100 mol/I
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Fe(OH)3

B-FEOOH

a-Fe20Os3

100

3 hours

6 days
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+

Ni(OH)2
With PEG

.

5 ,12ho

— 0.1 M Ni(OH), + 4 M NaH,PO,
— 0.5wt% PEG 400,000
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05 M
:1.0M




Cd(OH)2
or
Metal
chelates

Reservoir of S°

B> M(NH3)d&" — M* + S%—

TAA

Gelatin

0.5 pm
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(TAA: CH3CSNH?2)
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i

0.30M M (CH,COO),

0.66 M Chelatingagent A or 0.33M Chelating agent B
(TMD, DMED, DETA, TETA, AA,NTA) (TAEA,EDTA)
26 M NH,

NaOH or CH,COOH —— pH95% 0.1at 25
1wt% Gelatin Total =20 ml

—120M TAA
25 or 60 \/ 1wt% Gelatin Total =5 m

Product
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Amines
Trimethylenediamine (TMD) H2NCH2CH2CH2NH:2

N,N-Dimethylethylenediamine (DMED) ~ HzNCHzCHzN<CZH?

3

Diethylenetriamine (DETA) H2NCH2CH2NHCH2CH2NH:
Triethylenetetramine (TETA) H2NCH2CH2NHCH2CH2NHCH2CH2NH:2
CH2CH2NH:2
Tris (2-aminoethyl) amine (TAEA) N CH2CH2NH:
_ _ CH2CH2NH:2
Amino Acids
L-Aspartic Acid (AA) HOOCCH2CH(NH2)COOH
Nitrilotriacetic Acid (NTA) < CEaan
CH2COOH
Ethylenediamine-N,N,N’",N’- HOOCH:C >\ cH,CHaN< CH2COOH

tertaacetic Acid (EDTA) HOOCH:2C CH2COOH



logK1 or logK1K2 at 25 or 20

Cd* | zn** | Pb* | Cu** | Ni¥
TMD (K;1K5) 16.9
DMED (K1K>) 16.0
DETA (KKy) 13.8 (14.4) -0.35 (21.3) | (29.6)
TETA 13.9 11.9 11.4 20.1 14.1
(KiKo) | (Ky) | (Ko | (Ko | (Ky)
TAEA (K9) (12.3) | (14.7) (18.8) | (14.8)
AA (K.K)) 15.2
NTA (15.5) 9.18 (11.4) 13.2 16.2
(KiKo) | (K | (Ko | (Ko | (KiKp)
EDTA (K,) 16.4 16.4 17.9 18.5 18.1
*Stability constantsbound by () arethose at 20
= [ML] K, = ML,] . K, = [ML 5]
[M][L] [ML][L] [M][LT?
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[Free Cd 2+]

Role of NH3 on the Nucleation and Growth

Cd 2+

Nucleation

Renucleation

Without Ammonia

Dissociation

Critical Supersaturation Level

With Ammonia

Cd(NH3)r"
00000

Nucleation

Cd-EDTA

Dissociation

Growth |
CdS CdS
00000~ Grownh
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1.0x10-2 mol/l Ce(SO,),
4.0x10-2 mol/l H,SO,

90

A B,C

30




A

EENTH I X A LaMerfd s

i ‘precursors .
(solute)

F

BRI

@® Prinary particle




32



2.0x10% mol dm-3 FeCl; and 4.5x104 KH,PO, at 100 °C

M. Ocana, M. Morales, and C.J. Serna: J. Colloid Interface Sci. 171 (1995) 85.
M. Ocana, R. Rodriguez-Clemente, C.J. Serna: Adv. Mater. 7 (1995) 212.
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0.1 um
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Run 1

36



iron Concentration (mmol dm™)

lron Concentration (mmol dm ™)
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CuO

LaMer

Matijevic

CuO

CuO

Lee, SH., Her, Y.S,, and Matijévic E., J. Colloid Interface Sci. 186, 193 (1997)
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Cu(NQOs) ,:0.20 mol dmr3, NaOH: 0.40 mol dm=3, 40

10



Cu(NQOs) ,:0.20 mol dmr3, NaOH: 0.40 mol dm=3, 40

0.2

A

Cu (mol dm'3)

Cu in solution phase

Vi)
120 180 240 300 360
Time (min)
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Cu(NOs) ,:0.0143 mol dmr3, NaOH: 0.0286 mol dm3, 40

4 min




0.02

Cu (mol dm's)
<

Cu(NQy) ,:0.0143 mol dm3, NaOH: 0.0286 mol dm=3, 40

'l§'
5
b
>3

Cu in solution phase |

20 30 40 50 60
Time (min)
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il

Cu(NO;) , 0.20 mol dm-3
NaOH
0.40 mol dm3
Aging (40 ,6 )

Cu(NO;) , 0.0143 mol dm-3
NaOH
0.0286 mol dm3
Aging (40 ,1 )

CuO
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0.5 mol dm= CuO
0.5 mol dm- hydrazine (N,H,)
at pH 9.3, 30 °C for 3 hours
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0 sy

15 miim

30 min

Intensity (a.u.

3

20 40 a0

20(degree, Cuko)



[Cu®*] (mol dm™)
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o [Cu?+] 11
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Dissolution

1. CuO = Cu?*
R2ed.wgu2+ + N2H4 = Cu*
HS_Yd.mlyéu* + H20 = CuZ20

5. Cu™ + N2H4 Cu

Dissolution

1. CuO Cu?*
Reduction

2. Cu?t + N2H4
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Ni-Zn
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NI-Zn



Zn?t
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5 10 nm

Ni-Zn

Ni-Zn

Zn Ni
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/N

‘LNi

1118, p.211-216 (2002)
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1% 10 “maol/l i N1l AA)2 +metal salt ) in 2-propanol solution 30ml
heating (355K, N2 flow (300ml/min)

A0min

<— 1.0 x 10 'mol/l NaBH4
heating (355K), N2 flow (300ml/min) in 2-propanol  10m]
30min

<— |-octene (5ml), Hz gas(45ml/min)
heating (355K, Hz flow (45ml/min)

60min | :condenser

2:gas inlet

J:flask with 4-neck
4:stier

S:heating mantle
G:sample inlet

quick cooling, centrifuge
( 18,000rpm, 30min)

L

Ni-based nanoparticles

Fig.1 A flowchart and a device for the nanoparticles synthesis in this work.
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)l solution 50ml

'mol/l NaBH4
anol 10ml

2
)
(5ml), H2 gas(45ml/min) 6

‘ [ | :condenser

2:gas inlet

3:flask with 4-neck
4:stier

5:heating mantle
6:sample inlet

- for the nanoparticles synthesis in this work. 62



1x10 *mol/l ( Ni(AA)2 +metal salt ) in 2-propanol solution 50ml
heating (355K), N2 flow (300ml/min)

30min

<— 1.0 x 10 'mol/l NaBH4
heating (355K), N2 flow (300ml/min) in 2-propanol 10ml
30min

<— ]-octene (5ml), H2 gas(45ml/min)
heating (355K), H2 flow (45ml/min)

60min

quick cooling, centrifuge
(18,000rpm, 30min)

Y

Ni-based nanoparticles

Fig.1 A flowchart and a device for the nanoparticles synth



(a) Ni particle (b) Zn-Ni particle

20nm

Fig.2 TEM image of (a)Ni1 particle prepared by 5.0x1 0 mol/l Ni and
(b)Zn-Ni particle prepared by 5.0x10~mol/l Ni +5.0x10~mol/1Zn.



=l

890 880 870 860 850
Binding Energy (eV)

Fig.6 XPS spectrum of the Ni particle and Zn-Ni particle. 3
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Selective Deposition

| ]=2.0 mM
(HAUCI,; RuCl,, RhCly, PdCL,, H,IrCl, H,PtCly)

+

l«—{ NaOH

( , 24 h)

=1.6gdm3

(30 min)

|

100 ,48h =-->

Au, Ru, Rh, Pd, Ir, Pt
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50 nm
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Au - i

Or Au hydroxides -
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U i -
o
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> 40t |
..é
20F 7 |
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- ". i

g Metallic Au
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Initial pH = 6.24; Final pH=598 "
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Au

O Metallic Au
® Au hydroxides

B Au :2.0mM
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Absorbance

——— pH=1 A8

==mnm— pH=2 497
s=———— pH=3 44
——— pH=4 02

—— = 51
——— piH=d 72
s GH=4 74
s===== pH=4 83
—— pH=5 05

—— =5 30

pH=8 30
cenmies pH=T A6

m=== nH=3 76
—— pH=10.86

== pH=11.37

1 1 [
EN | 00

Vave length nm)

UV
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HAuCl, - AuCl, +4H*

HAuUCI, + 40H- -
Au(OH),; + 4Cl- + H,O

HAuCl, + 40H- -
AUu(OH), + 4CI- +
H,O
HAuCl, + 50H- -
Au(OH), + 4CI- + H,O
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iﬁ Au

4Au(OH); - 4Au + 6H,0 + 30,

AU(OH),
Au(OH), OH- Aust
Au
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AU
Table 2.

oxygen in various forms in a concentrated system

Produced metallic Au deposited on hematite particles and

Reduced Oxidized
product products
Au ClO™ ClO,” ClO, O,
1.25x10° | 2.88x10* | 464x10° | 3.33x10* | 1.31x10°
(mol dm™)
Initial conditions:
[HAuUCI,] = 2.0 x 10> M, NaOH = 8.0 x 10~ M, pH = 6.55
[a-Fe,0;] = 2.0 x 10" mol dm™ (polycrystalline ellipsoids)
100 ,72h
A0l _ 2, [CIO]+JCIOZ]+4CIO3+ 20,1 _ o

3[AU°]

3

[Au7]

Au(OH)3—>Au°+§OZ+§HZO AG =-318kJ/mol
4% 2



Au/ ESCA

I LI B T 1 ]
E Au/
-
>
S
5 u/
<
(0.09M
Au
0 A IR R T TP R AU BE BT PR SN
96 94 92 90 88 86

Binding Energy (&V)



87



Table 1 Used Support Particles

Support Particles Size Structure BET
(um) Surface Area
(m?/g)

o—Fe,O.,, ellipsoids (A) 0.20 x 0.038 polycrystal 136
o—Fe,O.,, ellipsoids (B) 0.46 x 0.10 single crystal 21.8
o—Fe, O,, cubes 0.09 single crystal 15.9
o—Fe,O,, platelets 13.3x 1.5 single crystal 0.70
o—FeOOH, needles 0.50 x 0.020 single crystal 41.0
B—FeOOH, needles 0.25 x 0.012 single crystal 112
ZrQ, (A), spheres (rough surfaces) 0.015 single crystal 153
ZrQ, (B), spheres (smooth surfaces) 0.015 single crystal 118
Ti0O,, ellipsoids 0.35 x 0.045 single crystal

88
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10 nm
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a-FeOOH B-FeOOH ZrO,(A)
Rough surfaces

ZrO,(B) TiO,
Smooth surfaces
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Table 3. Deposited amounts of Au(OH)3 and Au® and the mean size of AU° partides

Support Partidles Sze Structure | Depostedamount | Partide
(um) (mol %) szeof Au

AulOH), | AU
o—Fe,0,, dlipsoids (A) 0.20 x 0.038 | polycrystd 199 75.1
o—Fe,0,, dlipsoids (B) 0.46 x 0.10 | Sngecrysd 138 60.6
o—Fe,0,, cubes 0.09 snglecrysd 10.5 4.7
o—Fe O, plades 13.3x 15 | sngecrysd 74.3 85
o—FeOO0H, nesdles 0.50 x 0.020 | Snglecrysd 18.8 67.6
B—FeO0OH, needles 0.25x 0.012 | Snglecrysd 10.3 62.7
ZrQ, (A), spheres (rough surfaces) 0.015 sanglecrysd 0.6 9.0
ZrO, (B), gpheres (smooth surfaces) 0.015 sngecrysd 2.8 95.1
TiO,, dlipsoids 0.35x 0.045 | sngecrydd 15.8 54.8




1nm

Pt/TiO2
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Effect of pH on yields of Pt precursor
(100 , 2days)

a -Fe,0,

100

80 |

60O |

T

40

20 |
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i Effect of pH on adsorption of Pt ions

(25 , 2days)

100

80

60

40

20

Astopionanartd Rtios®)

14
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Pt

1-

(mz g) (Wt%) (H/M) (%
(nm)

TiO,, ellipsoid (anatase) | 375 3.0 1.1 | 0.99 11.9
18.9 1.3 | 0.86 35.7
3.6 1.4 | 0.98 3.7
20.0 6.3 | 0.40 9.7
o-Fe;0;, ellipsoid (A)* | 136 22.0 2.0 | 0.09 4.6
SiO; (Stober )| 4.20 13.6 |10-50| 0.31 5.0
ZrO; (B)** 118 18.0 24 | 0.86 19.4
Al,O3 156 18.0 16 | 0.85 52.1
ALOG6 3.0 1.2 | 1.00 10.6
18.0 48 | 0.28 21.2
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NI

100



Ni-Zn/TiO2

101



NI

= Well-defined
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s NI-Zn
s ZN
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i Ni-Zn/TiO,

?-
[Ni(AA),] = 0.005 mol/I @Tio,
Zn/Ni =0.1
[NaBH,] = 0.0075 mol/Il @
=25¢g/l | | @
Ni 12wt% 2-

Ni-Zn/TiO,

30
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2_
@ Tio,
éa
@

2_

2Ni“* BH, — 2Ni

J, Ni2
Ni-Zn/TiO,
(2-

Ni(AA),
A40ml [Ni(AA),] = 0.005 mol/l
Zn/Ni
[NaBH,] = 0.0075 mol/I
30 TiO, =254l
(Ni 12wt% )
10ml 3- Way ball valve <;=
I
H
Hy|IN, H
gas||gas @
50ml)

heating mantle 105



TIO,

0 Sugimoto
0.1 pm : 1 43m?/g

T. Sugimoto, M. Okada, and H. Itoh: J. Colloid Interface Sci. 193 (1997) 14(
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00 01 02 03 04 05 10
Zn/Ni

n
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(ICP )

40_, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

20_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

108



-Zn/TiO, (Zn/Ni=0.1)

Ni-Zn/TiO2
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10 nm
110



' Wil
Zn/Ni=0.2 Zn/Ni=1.0
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{ / 0.2 500 1h

¥ Ni(Metal)
e TIO,(Anatase)
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Ni/TiO,

Ni-Zn/TiO,

26.7%

39.4%

Ni

73.3%

55.1%

Zn

5.6%
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1-

NN H, T/W\/

1-Octene n-Octane
CoHye CeH g <;=
W dF
H2
]__
c - = 5cm?
. = 5.0x 102mol/h
30 4

Ni-Zn/TiO, in 2-propanol (50ml)
1-Octene
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m 83 1-
m 1- + —
« Ni-Zn/TiO,  Ni/TiO, 4.0

NI-Zn 2.9
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1:2 Ni/TiOZ/’i
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FeSbO,)
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FeSbO,

()
500

900

1000

FeCl ;+ShCl.
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iThe Gel-Sol Method

The gel acts as a protective matrix against the coagulation of the
growing particles aswell as areservoir of precursor ion.

Gel network

Monomer

Growing particle
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{ FeCl,+SbCl. J
+

| NaOH |

[ Fe,SL)

|

Fe3]=[Sb5*] , = 0.5M

H=1.6 250 2

(FeSbO4)}
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1.0<

1.0
<6.0
6.0

FeSbO,+3Sb,0O.

FeShO,

(FeSbO,)
Fe-Sb
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TEOA: N(C,H,OH), 100 nm
TEOA
N { 100} TEOA
TEOA o

130



TEOA

/

0.02 0.04
Equilibrium concentration (M)

0.06
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0.15¢g

C,H.OH/O,/N,=5.8/18.8/75.3

210 (

2C,H:OH + O,

2CH,CHO + 2H,0

132

14



/
100 1 2nm 1512 26.
250 4 5nm 131 621 319
TEOA 0.075M 250 5 25% 7nm 184 271 24.1
TEOA 0.10M 250 5 30%7nm 211 312 55
TEOA 0.15M 250 5 30xL1nm 151 294 99
2 405 21

1) (%/m?) (m?/g) 0.15(g= )

2) FeSbO, 900 FeSbO,
4 N\
_ {100}

\ /

1)

12
34
29
Iy
2.
3.9
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!L TiO,
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UV-visible
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