Synthetic Chemistry of Fine Particles; 2023

BT & AL R

http:// www3.tagen.tohoku.ac.jp/~mura/kogi/
E-mail: mura@tohoku.ac.jp

TCH) B i S R TS A=

MAFSEIEE  2023/6/13




WA E

- #E1E #mes-wEt¥orEOLe
. ®2E EFORYOF/HFoaRsE
- #®8E EFORYOF/MFamsr
- meE mEFos®ms

- woE mmFosweERx

5A23H
5A30H
6HA6H
PENEI=R FOE] HEEME S /M TFDRMBE R
zPACH SF10[E BERETET /R F DBRES K
6278 EARICRE: - 5:0]

AzAEH SR 2[E] IRFIRMREARGE

;RN =E 3138 B RURLF S R E AR ER SR
= BB 14 B RURLF S R E AR ER SR
pzPA=E E15[E WMAIFERIESF

MHAFERIEE  2023/6/13



T/ RFEBRUE

[FSZBAIDERZERRT HTOF/AIF




JT/OER: T o>TRARD?

1m @ 1/1000 = 1 mm
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(T. Sugimoto, Adv. Colloid Interface Sci. 28, 65 (1987).)
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FELEREHE:

TEOS=Tetraethylorthosili
0.5 mol/L

BE=T52/—)L

NH, (fii3%)=1~10 mol/L
H20= 0.5~2.0 mol/L
JBE=0~30°C
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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
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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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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) ( ) —
| B cssie
gel formation S3assases
stirring:10 min
aging: 1h :
(solution-D)
|
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.

10 20 30 40 50 60
20/degree

.=

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
2023/6/13 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

,d .
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Ethyleﬁediamihe Ethylehedlamme Su;:cmlc ACId Gluconic Acid

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).
BT & RS K. Kanie and T. Sugimoto, Chem. Commun., 2004, 1584.




Shape Control by Amines and Oleate

00000000

Organic Amines => Adsorb on TiO, Surfaces

N => Utilization for Organic-Inorganic Hybridization
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6.0 M NaOH 90 ml

x M Na,SO, 10 ml |

0.9 M Fe(OH), + 0.1 M Fe3*

pH ~ 2.1

100°C, 8 days
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Adsorbed Amount (pmol m'z)

WL (cBAIZ EATERIEARE)

RERIR DR & FiR#R

pH=1.0, 100°C
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RERIBDRBEELE (pH 1, 100°C, 24h)

FIF bxRmEiE S=ARE=E SBRER
m“/g umol/m? A2
TYTIAk 12.4 3.60 46.1
BHLRI AR 2.67 3.16 52.6
[ UNEFR 2.10 2.28 2.9
&L VR 0.70 0.86 193
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CeO, FiF & A AN F i

ERUHF SRR, BELTRRUELIICRAS |

1.0x103 mol/l Ce(SO,),
4.0x10% mol/l H,SO,
90 °C

AlS #BFfE 1% . B,CERR
FFLTLVS,
BTIIX— KRR FhEF-
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B REH
2.0x10-2 mol dm-3 FeCl; and 4.5x10-4 KH,PO, at 100 °C

HEMEBORRETILZXETSHXZL

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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XRD

= [ -FeOOH was first

formed.

; 4 days = «&-Fe,O; was formed at the
& expense of it.
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= Even after 7 days,
B —FeOOH remained.

'Hematite separated |
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Soluion

= First, pH was

rapidly decreased.

= PO,% conc. was

gradually
decreased.
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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

Rifitber: particles = seeds + nucléfF&7ts
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effect
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;Aging: Seeds  Spontaneous  Total  Vield  Size  Aspect
Run- time nuclel (mol%) (um) ratio
No. (day)

Particle

number
N
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Experimental Procedure -Solvothermal synthesis; .

|
0.50 M InCl; &
Tetramethylammonium hydroxide 0.050 M SnCl, in Ethylene glycol (EG) solution
(UGBSt Stirred at 0 °C
(CH;),N-OH

1.5 M TMAH in EG solution

+ — TMAH]=1.5,2.0,2.5
_N*_oH (I ] )
Stirred for 15 min
Put 10 ml of suspension into
@ OH-ion resource autoclave

Aged at 250 °C, 0 ~ 96 h

Washed by EtOH, H,O and
centrifuged

Products
(Analysis: XRD, TEM)

B—REROHRIIE, FIE—RERIFRIIET, 1D, BRUGI \R2ER !
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Time dependence of particles growth g,

Reaction condition: TMAH 2.0 M, 250 °C
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20 /deg.
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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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