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2 M FeCl, 100 ml

'(4 6.0 M NaOH 90 ml

0.9 MFe(OH); + 0.1 MFe** | pH~2.1
100°C, 8 days

B-FeOOH

l

o-Fe,0, | pH ~ 0.6
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Titanium(1V) isopropoxide (TIPO) [TI(OC4H-),]

< Triethanolamine (TEOA)  [N(C,H,OH),]

TIPO:TEOA=1:2
([TIPQO], = 0.25 mol dm™)

7 /C2H4O\ | '/OH4C2\
Stable complex | N C2H4O7T1 — QIR SLO=TOLE =
C,H,0 | OH,C,”

C,H,0H
H,O (+HCIO, or + NaOH)

Shape controller

1 1st aging (100°C, 1 day)
Ti(OH), gel
l 2nd aging (140°C, 3 days)

TiO, (anatase)
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) Concentration changes of TiO,, Ti(OH),, and supernatant Ti** ions
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BaTiO,, SrTiO,
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Synthesis method of BaTiO,/SrTiO, fine particles

Ti[OCH(CH3)2]4 gel-sol method
N(CH2CH20H), ,
(solution-A) Ba/Sr(OH)2 - 8H20
«—— de-carbonated water —
Stock solution solution-C
(solution-B) ( g 3333588
| s
gel formation Bociitsses
TiO, SRMERHIC, RN
EBICHEDSUVI ) (solutidn-D) —
TS !
Aging (250 °C for 3 hours) ~
}

BaTiO3/SrTiO3 fine particles Schematic drawing of

reaction vessel
(autoclave)
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TG curves in Ar
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Cubic SrTiO,

200 nm

SR-02 mHErAm SR-03

. =

The particle size of SR-01 is
smaller than 40 nm.




XRD

a. SR-01

b. SR-02 A ﬂ A A | k
c. SR-03 A J L A J | L

SrTiO; (Cub., JCPDS 35-734) |

Intensity/a.u.
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e A cubic SrTiO; phase was founded in initial
BT BRLE materials .




TG curves in Ar
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Synthesis of Monodispersed Anisotropic TiO, Particles

— —

Gel-Sol Method: Particle Preparation Technique by using Metal Hydroxide Gels

Synthesis of Monodispersed Anisotropic TiO, Particles

(. Ti(OPr), )

- Stabilizer (N(CH,CH,OH),)

Shape Controller
(Amine, Amino Acid)

\'pH S W, Gel Formation by H-Bonding Sol Formation by
Network of Ti(OH), Crystal Growth
2023/6/20 T. Sugimoto, “Monodispersed Particles,” Elsevier, Amsterdam, 2001.

AL F A AL K. Kanie and T. Sugimoto, Chem. Commun., 2004, 1584.




Anisotropic TiO, Particles Obtained by the “Gel-Sol” Method
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Init pH: 10.5 Init pH: 10.5, Seeds Init pH: 10.5 Init pH: 9.5

Glutamic cid N Oleic Acid | none Oleic; Acid
Init pH: 10.5 Init pH: 11.5 Init pH: 10.5 Init pH: 9.9

S T. Sugimoto, X. Zhou, and A. Muramatsu, J. Colloid Interface Sci., 259, 53 (2003).
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Shape Control by Amines and Oleate

00000000

Organic Amines => Adsorb on TiO, Surfaces

N => Utilization for Organic-Inorganic Hybridization



B 5B 24 LT O i 18 il {2

C—F VR

RS 34 ;
(‘.‘%ﬁ i 4 ) 3 i ) ¥ 5]
_\n_,-".’
i ¥ T
{ e o
3 .
\ |
J
]

2023/6/20
WHFERIEF




C—F VBT

2023/6/20
WAL F AL



GRER AR (S 5 Az iR Hl i

E—>VYRBNFE, £E50DOT,
2 MFeCl; 100 ml TEADERIN?

6.0 M NaOH 90 ml

x M Na,SO, 10 ml |
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2023/6/20 a'Fezo:; pH ~ 0.6

WAL FERIEF




CEfi CEf CEfi CEfi

CMH
{001} {001}
{012}
{8l =
AVl TUTYARE  E—F YR 4R

* COFERKY., SOZDAIEADRNEE N RESN
Do

2023/6/20
WAL F AL




GRERARIRE = N DPpHEIR

£N
T

Adsorbed Amount (nmol m'z)
(\®]

*  pHA4LETIE. FEAE SO,2Z [FEFELEL, ZhlE. OH:
oo EDBEEREIZEDEDTHDS, (NTAADEEEH=7.5)

WAL FERIEF




MF

w
o

30

—_ = P Mo

{ x 100 atom %)

<
o

atomic ratio of S to Fe

o
o

2023/6/20

O M1FDE-FTIRFRARH
BEYIATEMEE

EDXf# AT

a b c d e f g
Location

WAL FERIEF

* SO,ZIEARMENDK]
90% A VHIFNIZHLY A
Fn. XERUVAERIZ
XX —IZHEHLTLY
5o




Absorbance
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RERIBDRBEELE (pH 1, 100°C, 24h)
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M. Ocana, M. Morales, and C.J. Serna: J. Colloid Interface Sci. 171 (1995) 85.
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XRD
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®e o o | Additionof
seeds (3.2 nm)

Promoting growth rate No effect of seeds
due to the increase in total surface area
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BACKGROUNDS

1 General Requirements for the Preparation of
Monodispersed Particles

1. Separation between nucleation and
growth stages

2. Inhibition of coagulation

3. Reserve of monomers

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

“We need a new method to overcome the essential problem of
coagulation so as to achieve a high productivity.”

\/
“Gel-Sol Method”
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2 Preparation of Monodispersed TiO,

TEOA/TIPO =2
mixture

*TEOA = N(CH2CH20H)3
TIPO =Ti(OCHCH3CH3)4

/C2H4OH . /OC2H4 N
N-CH4«O-Ti— OC2H4-N
\C2H4OH NOC:Hs 7

Stable

H20

0.5 M TI(TEOA):
10 ml

Stock Solution

2 M
1

NH:3
0 ml

Gel Formation | <

--------- 1st Aging (100°C, 1d)

Phase Transformation

s 2nd Aging (140°C, 3d)

TiO2

2023/6/20
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3 Role of Each Component to prepare ZrO,
particles

e TEOA = triethanolamine

— as a complexing agent with Zr propoxide to make
stable complex, releasing ZrO2 monomers
gradually

* Ammonia
— as an inhibition of anisotropic growth
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Standard Procedure

TEOA/ZNP = 3
mixture

Agitation (24

,C,HOH  OH,C,
“C,H,OH "OH,C,”

H,O

TEOA = N(CH,CH,OH),
ZNP = Zr(OCH,CH,CH,),

h, room temp.)

Stable Zr complex against
hydrolysis at room
temperature
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FT-IR spectra of TEOA-ZNP mixture UV spectra of TEOA-ZNP mixture

5 51— 71T 17+

511:ss§crg,-ﬁ | : i TEOA/ZNP
i 4.0 i

L |

L |stm————— TEOA only -

N
Absorbance

Absorbance (-)

2.0

300
Wavenumber (cm™) Wave length (nm)
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NH,

0.5 M Zr(TEOA),

TMNH;| pH10.7

l

Aging

200°C, 3 days

l

ZrO,

WAL FERIESE

Transparent solution

Gelation and phase
transformation

Uniform crystalline
nanospheres of ZrO,
(~15 nm)



2023/6/20

a) 10 min

Time evolution of ZrO, particle growth
b) 20 min c) 30min
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Fig. 4 | Change in FT-IR spectra with aging time | Fig. 5 /Change in UV spectra with aging time
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Transformation from Zr(OH), to
710, virtually finished within 1 hour.

] Though the particles at 60 min were
i of rough surfaces, they became
spherical by degrees with further
aging. This morphological change

] seems to be due to the intra-particle
o : recrystallization, but the ordinary

] Ostwald ripening concurrently
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Effects of TEOA/ZNP ratio, temperature
and concentration of NH,

b) T/Z=1.1, 140°C (3days) c) T/Z=1.1, 200°C (3days)

) T1Z=1.1, 120°C (Bdays)
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d) T/Z=3.0, 160°C (3days)
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e) T/Z=3.0, 200°C (3days) f) Same as e), but no NH,

WAL FERIESE

T/Z = TEOA/ZNP

TEOA/ZNP
As TEOA/ZNP increases,
the uniformity is improved.

Temperature

As temperature is elevated,
the uniformity is improved,
the mean size 1s decreased,
and surfaces become
smoother.

Ammonia

As [NH;] increases, shape
of ZrO, changes from
rectangular parallelepiped to
spheroid at pH 10.7.
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Effects of pH and acetate without NH,

a) pH 13.4 (NaOH)

) L4
.
-, »

b) pH 11.5 (NaOH)

WAL FERIESE

c) pH 9.7 (none)

.

-
r

High pH (13.4) >>
very large
sharp-edged
size distribution: large
pH: decrease >>
size: decrease
size distribution: narrow
shape:
irregular polyhedra
rods
smooth-surface
spheroids
Acetate (pH 7.1)
>> ultrafine in size
!
Reduction of the growth rate
of ZrO, nuclei with
descending pH, due to the
decreasing concentration of
hydroxide complexes



12 Characterization of ZrO, particles

c)

Fig. 3(1): 200 °C 72 h b} Fig. 3(d): 200°C1h Fig. 8(b) : 140°C 72 h

All particles are basically single crystals, even if they are irregular in shape. The spherical 10 nm
particles of sample (a) are formed by intra-particle recrystallization of irregular-shaped

particles like those of samples (b) and (¢)
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RERAE

I 0.50 M InCl, &
0.050M SnCl, EG solution  [In3]; =0.25 M

1.0 ~ 2.0 M NaOH EG solution
(In®*:0OH=1:2~1:4)

NaOHTIZ, |__ . _
s L[ Stirring for 15 min
bt m-ot- | Put 10 mlof suspension to

Autoclave
------------ Aging at 200 ~ 250 C, ~ ddays

____________ Washed by EtOH and centrifuged
\? for 3 times

ITO nanoparticles
£oT,
H A X1 |
hot= V‘

2023/6/20
WHF A RIER




10
Solvent Effect

RIE DR (In3*: OH = 1:3,250°C. 12 hTAR )

DEG EG 80vol% +
H,O 20vol%
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Solvent Effect
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0.50 M InCl, & —
0.050 M SnCl, in Ethylene glycol (EG) solution

Tetramethylammonium hydroxide

(TMAH)
(CH,),N-OH

-
N OH

@ OH-ion resource

Products

Stirred at 0 °C

1.5 M TMAH in EG solution
([TMAH] =1.5, 2.0, 2.5)

Stirred for 15 min

Put 10 ml of suspension into
autoclave

Aged at 250 °C, 0 ~ 96 h

Washed by EtOH, H,O and
centrifuged

(Analysis: XRD, TEM)

B—REROHESIE, FH—RERIBESIET, i, BRUGI\VREER !

2023/6/20

AL+ & BB



11

Time dependence of particles growth g,

Reaction condition: TMAH 2.0 M, 250 °C ..
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ITORSE /1>

ITORBEM R BRI SR
»AZO = Aluminum doped Zinc Oxide
»GZ0 = Gallium doped Zinc Oxide

»ATO = Antimony doped titanium oxide
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