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Abstract

It is wellknown that TiO, exibits the
photocatalytic effects which are useful to decompo-
sition of water and the environmental harmful
substances. However, the many problems conscern-
ing to the surface revitalization of TiQO, via the
visible radiations are unsolved yet. On the other
hand, RuO, is one of the highest electrical conduc-
tive oxides. In this research, we noticed the struc-
tural similarity and the characteristic differences
between both oxides, because Ti,* and Ru,* have
extremely similar ionic radious and MeO,; (Me:Ti
or Ru) structural units are found in the crystal
flameworks of some their compounds. The metasta-
ble materials such as anatase are included as some
of the important substances in Ti-Ru-O system.
Also, the dissoiciation of RuQO, exclude the normal
procesing techniques for the crystal growth, sinter-
ing, and new substance research on the Ru-contain-
ing compounds. Therefore, the high pressure and
HIP method were applied to synthesize the Ru-

containing compounds. The thin film epitaxy tech-

neque and ion implantation method were applied to
synthesize the high orientation thin films or the non
-equilibrium materials. The properties of the
obtained materials were investigated from view
points of the possibility of environmental ap-
plicationsons by using the optics, NMR, thermal
measurements and chemical separation techniques.
Some of the important results in this research are
summalizes as following: the preparation of high
quality and high orientation anatase thin film, the
discovery of hydrophilici/hydrophobic switching
phenomenon, some creation of new Ru-based per-
ovskites, the basic research on the dynamics of
elementary charge separation/decay processes of
the die/TiOy system with the femtosecond laser
the CO,

dimentional movement of ionic conductive Na in

system, recovering and the three-

one - dimensional structure of Na;Ru,0,, and
developement of the triple phase separation
method.
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7 5 NVRIEHE Cr EARERCBIRL T & Eb
5, SEEEREED» S, KEBHDOA > 05
RS AWM 2 1T, REEA A A OB 2 B
E U728, B, ZMHMSBE 2 ERESHBEFEOR
EERiTolz,

1.3 MIRISN—7T0EHRE
FEFEERS ZBEX
FFeE R D /ANFHZEA, AMA B, RS,

B At
FEWIRE  BH—2EX), LFER (FX), #E
HERGHKX)

STA7 = 0 — B URHEANWIFEEE © Jiri malek, V.



IR BRI e RS 1075

Balek Eim BRI E O ¥R 9FE 8 A
FARCIREE 2N B, A BN, ARREY, SIEME OB ¥y 278V ¥ - a v
WEHAF FR104E11 A
SBA A Y DI DONT A1 1 A
1. 4 W B « BUKME:OWT5E FR11E 3 A
F S NT =7 ABREW RS
BB L A2MBEOX Y25 )V E—Yar 1. 5 $hEEEY
R 6 E12H BB ZBRX B2EL, 2/ HEIHEB, F2
R T £ v 7 A DRIS & T HEIH =R EIEIE FHFM, F£3E2
SR THEI A i O/NEFHZEA FIEIE =M, BA4EIM
FIRIEEEAE NMR ORf% Rk 8 43 A ZREE, BAE2M MA B, BSEBERUE6HR

SREALE OB TR 8 411 SRBRX



Cvr=wa, #5>) B BT 505

2B

2.1 FHkiEIZL B RuQ,~TiO, 2 M AEDSR
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2. 1. 1.1 #®E

TiO. 13 BE-F41k}, M, BErlk EILWAE T, RuO,
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DTA-TG 2172720 M1 AN OBREERT .

BT ORER D 5 13 Ru OARBRIEYEH9300°CTHE
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Fig. 1 DTA-TG curve of Ru-hydroxide at 10K.min™"..
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®2 Weight loss of RuO, during heating for 10h
Heating temperature(°C) | Weight loss(%)

800 0
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900 0.1

950 0.2
1000 0.3
1050 0.5
1100 0.9
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W REHST CHIE U &z, BB R In,
Pb 8 & U Zn A U THUE Uz, JE IR DSC ifRix
25-600°C D IR i T, 2 ~20Kmin~' o F- iR B CTHIE
L7zo DSC 7 — ¥ DM E AN 1E TA-SYSTEM
V7 NI 7®ERFEHL I, BAEESHT L Perkin-
Elmer Model TGA-7%fH L, #ZBREZRFHKH T
FIE L7z,
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RuO, D D[R] v 138 7R X R [E] 7 58 1 2 o B
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E LTz R LRIROBEOPEBOBL ZEEIE T
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DIKERIERE L 5k &L OBVREE OB WICIER T 2
bOr#EFEEIND, BonkERftozryrr—id
AH =175+ 5Jg " Th o lzo —7, SRS TOME
TiF300°CLL L DIRE CTHRiGTE L, LB IR &
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Fig. 2 Typical TG (full line) and DSC curve (broke line) of as
prepared sample A measured with nitrogen gas flow at
5K.min~t,

%3 Preparation and characterization of RuQ, samples

Sample Method of Preparation -AHe/Jg” a,

A as prepared sample 175+5 0
B treatment at  310°C for th 149%5 0.1540.03
C treatment at  340°C for 1h 1367 0.23+0.04
D treatment at  350°C for 1h 9947 0431005
E treatment at  360°C for 1h 6144 0.651:0.06
F heating at 10K/min up to 600°C 1
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FEZHE DSC o B o N HER ST A —F TR
HroEiito 7o AQHIECEN TH D, K61
ERFERETFH SN BEREEEZRT, ZOM»HH

0.7 -

JMA _model

0.6

0.5 & ,."’u}

0.4
0.3 e e SR e e
0.0 0.2 0.4 0.6 0.8 1.0
Ko
Fig. 4 The @, value as a functionof the fraction crystallized

a. for the samples A-E(points). Broken line is drawn
as visual guide. Full lines represent limits for applica-
bility of the JMA model.

# 4 Kinetic parameters for crystallization of amorphous and

partially crystalline RuO, samples

o/ Ww.g~’

Fig. 3

=1 o ~ Sample Y] N E / kJ.mo!™ Ln[A/S™] a”
AL 0 AR KB 2 ML BFTRE O A [ Omzo0 | TaTzome | Teexs | 70wor | 04ssoos
B 053004 | 1.28+009 1797 27,2401 0.50-0.02
[$ 038002 | 1.30%0.03 1856 28.1+0.1 054001
D 0214003 | 1.31+003 1952 29,902 056002
E 0.18-:004 | 1224004 1815 272401 0.55+0.02
1.6
=,
1.4
(o]
1.2 3 (E]
1.0 3
08 1 JMA-model
Experimental DSC curves for sample A (points) mea- ]
0.6 “rrrrrrrr BN e SR o
sured with nitrogen gas flow at different heating rates 0.0 0.2 0.4 0.6 0.8 ” 1.0
2-20 K.min~!. Full lines were calculated for the SB
model using kinetic parameters shown in Table 3. Inset Fig. 5 MN diagram for the SB mode. The combinations of

shows the z(¢) dependences calculated from DSC data
using Eq.(5). The ¢,” value typical for the JMA model

is marked by line.

kinetic exponents corresponding to the JMA full line.
Points corresponds to kinetic parameters for the sam-
ple A-E.
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0.0 Frrerrroe BEARERRE T T BRERZEL BREREEEE
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T/ °C
Fig. 6 The fraction crystallized after 1h treatment of amor-

phous RuQ, as a function of temperature. Experimen-
tal data are shown by points : (B) samples B-E, ((O)
other measurements. The curve was calculated by Eq.
(8) for the SB model using kinetic parameters for as

prepared sample A (Table 4).

BERETFH SN2 BREESRIHELTHE I L
23 % JEFRE RuO, OFS b O R O E EMIE 12 1%
fEi b X B FEGHR & K & 2 REASIRVEL 2
7o WA BBENEONEZVEWVWIENH L, #

2T, FRELE % U7 5k % DSC 2 H LU TI0K @ .

REEE cERINERbo > ¥ v — (AHg) Z#l
ElLlze 22T, MRtE ald XD

Qe = (AHC—— AHR) /AHC

TEES,2 2T, AHZFRBLIEIT o TR WER
Bty I v —Thb, MR LI70

v MEIFIEE T 1 RHESRANE S U CRERE3 7
bOT, EHEEE A 25 (DA L VEHE L HER
RTA—=FTHD3M0°CUT 2B IFFREROBER
EHRERAEOBRIEIELS—BL T3, K73k
FE RuO, % 340°C THULI 21T - 7o & DS LED
BEREMRTENE 2R U Tz 2 OIREE B ClARERIY 2 SB &
FMZ X - TIEHE RuO,DFESbD 7o A SR T
&2,

HoIRRARE A L BRI RGRES BB F OoBmRX
FRIEHTARE 2 Y 8 1R L7z, 3k A I3 BB e JE e
DNY =R UIz, —7, famlb LB B CIRIESS
R D RuOAHTH - 720 FHE I NI FERORBR
(a,=0.449+0.0002nm, c,=0.318+0.0002nm) I #k
HENTWS JCPDS D7 =2 2 & { —B LT fT
DK E &1 (110) D € —2 OF-fHEHIE L D #10nm & H#EE

1.0 7
© 3
SR
0.8 3 I
0.6 —
0.4
0.2 —
0.0 Frerrrrrrrrr e T T T e
0 100 200 300 400 500 600
t/min
Fig. 7 Isothermal dependence of the crystallized fraction of
amorphous RuQO, for 340°C. Experimental data are
shown by points. The curve was calculated by Eq.(8)
for the SB model using kinetic parameters for the
sample A (Table 4).
0] T
] 5 t—Ru0; (ASTM 40-1290)
N
50 4
0: 'I_ L ::I |- T 1 Ll
800
. .
S
400—:
] F
r‘WMwMW oy
0 T T T T
20 40 80 80 1
20/deg
Fig. 8 XRD pattern for amorphous and fully crystallized

RuQ, (samples A and F). The bar diagram corre-

sponds to the JCPDS data for tetragonal RuQO,.

SNz, 2 OFERIE SEM BE DR L V/NE v, SEM
BEORERD 5 3T FOKRE 21315-30nm TH o7z,

2. 1. 2.5 #&4
FEGE b & OMIE T RuO,OfE LD 70 A DM EE
BT 21T 120 FIREE 2L S ¥ JEEREE
W& DML O A DREERR T A —F BEHH LT,
i CHESh H 13 Johnson-Mehl-Avrami € 7V %
BATHZETHDH, KRTREHTE Lo,
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—7, 235 X2 — % D Sestak-Berggren AR R Tl
BTHoT2,

JEZE DSCIZ L VBN HER T A —F I35R
FHETORBALOBEROHEECHEERTH 2 Z &3,
Fh L ERFERLOFERBRE» S Lol

2. 1. 3 WFIBREIFR(TIO,) « (RuO,) . DEM
2.1.3. 1 #¥E

TiO, & RuO, iz Wb LV FLEEER &0, Ti &
RudDA A EE BTN Lo, BEEREED 20
[EOENSHIFH 2O b D L EEI NS, EEORT
BIRAEERAL R nw 2 EBSIRE ST w5, bt
W2 X % BEEROE TIX1000°CTO RuO A0 EER I
x£0.02T TiO MO EEHEE S x=0.98TH>TZD
f1D0.02<x<0.98i% 2 HHHFHKTH 22, —77, 7
VA F Y R L BIKGED /SN RTIRIE W
HOBBHREEK TS Z EPRESNTWSEY, F,
RuCly & TiCLLO T ¥ / — WSROI IETIE x<0.6
DR CEEEEERLTENRLY b TI#MTCR7+5
— YL DREHE OWMENDH 52,

AE TR LY (Ti0,) < (RuO,) , L R DFEEHE
2UERL L, BB ERET 5 L &b KEHEKRT
L AERE B ETT o 2

2. 1. 3.2 EBE&

BN IZTHIRD RuCl (7 VY &8 © &M<
0.25%) & TiCl,%= # i L 720 Ruj& 4 1& RuCl, % 2
NHCI iz #f# & ¥ T RuClL#E# & UTHEEH L7z, TiCl,
X 2 NHCl R e/, 3514 4 v REUKTH
LU THRA L. WERIE Ru & Ti 2rE L (Ru-, Tiy
0,:x=0, 0.1, 0.2+ +0.9, 1.O)DRBEHEEE L
Tet, 2N 7 VE=7AKRFICHMTL LI, R TUER
(2[E), §H(120°C, 10M5MH) UCIERR L 7z,

2.1.3.3
ik

B 9 128z U7z TiO, & RuO, ¥R X AR 275
T oRUO, IFFEFE D88 — v 2R LicDizxt LT, TiO,
Z1200COER T Tt L T7 75 —EHTH >
Too 2, FBR TR x<0.8DEBRTRIIEFETH-
7o DL T0.8<x< 1 DEPHTIIIEMLE L 75 —
YOREHTH o7,

Z DROFEIERBOZEKHTO TG OFERERL0I
1T 6 (Ti0,) x (RuO,) 1 SR EDIIK I & 5 HERD
F20% A ECh - Tz TiOBAEDERRA 1314% T

TR & BE
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&
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o
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Fig. 9 XRD patterns for dired (100°C) precipitate of TiO, and
RuO,.
® .
N\ (Ti0;)(Rulz)i.z 5 K/min (Air)
CH
-7
- 2397
—17—:
-3}
—27_
0
Fig. 10 TG curves for coprecipitates of (TiO,)y(RuQ,),—x in
Air.
Hoilz,

B A1 Z DEZIERE 2 DSC 26 L CHERERE
FASHT600°C & THNEN L TIERR Uiz, & DR DHLEIY
7 DSC #if#R % 1R T, b OWE 1 RuO, B
S0 bOWEBEL, Ti OEBRERE I &bl T
{LBENERL, x=0.6THRAfER LD, UEEWE
T9 %, 2 DIHMAE RuO, DIESFMLOEEET DWW Tk
Higc 7228, IMA € FVIG#EATE S, SBEF
WIZ & o TEBRMWAEETH o 1, FRRICBEERIZB
TH SBEFNTERY FAWERETH 5 72.SB € F
DRFQREG) AL SUTO LI CHRHTE 2

p=AH-A-exp(—E/RT) a™(1 —a)V (8

T ¢ B, ARER E 3EEb v —,
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Fig. 11 Typical DSC curves of the crystallization process with

nitrogen gas flow at 10K.min~*.

# 5 Crystallization enthalpy and kinetic parameters for amor-

phous Ru;_Ti,0, powdérs

X AHe Jg! M N E / kd.mo!™ Ln[A/8™"]
0.00 175 0.63 1.31 168 25
010 261 0.52 1.50 247 36.3
0.20 328 042 1.25 241 34.2
0.25 290 0.45 1.03 182 243
0.30 308 0.63 1.15 219 30.3
0.35 288 0.30 1.07 229 30.2
0.40 278 0.58 1.08 232 31.1
045 250 0.79 1.22 264 35.8
0.50 253 0.99 11 285 39.8
0.60 191 0.80 0.80 363 49.8
0.70 206 0.92 1.10 215 37.1
0.90 130 0.52 1.32 251 35.1

HHRE2RLIICE LD D,

Eboz e -0 ERI2ICR T, x=0.2
OB TRKRT, BAMED 2 fEUEOEE B o7z, &
Hlhz 2 F -0 ERIICRT, —H, it
FNF —DEAGTEBET, R/IME L RREOZE R
DTy VE—ERBRIC 2fEENERH DL DDD,
x=0.25 f/AMED x=0.6 1 AEL B - 72,

fEea b U7z (Ti0,) x (RuO,) 1y R DA IL, k%
HEIRER R C600°C THERL L TIERL L 720 RuO, BAH T
FEREI315-30nm Th B Z & ikkiibe,

1412 (Ti0;) x (RuOy) ;xR DR X #REI e %=

R, TIOR3 7 F 4 — ¥ HD TiO, Th - T,
FEIIE 2,=3.7875A, co=9.4971TH o7z, 0 <x=
0.7 TEINF NVERIOREREETH 5 1zo 2 DFERIX
i3 Ti TR 7 ¥ —¥EDEAH &% % 15T Lebedev
2O NDIREC I L Ve, T, BONTAETEREE6
W2 FE T K5I i EER O T E 8L co/a DEEL
R LT RO AT Vegard BlICES SHBETH 5,

400
3 ]
§ ]
2 ]
b s004 EII
1/ 5 L
200 17 5 .
E (Ti02).(Ru0z) ;= I
100 | e T e e e
0.0 8 1.0
X
Fig. 12 Crystallization enethalpies calculated by Eq.(8) for the
SB model.
~ 400
§ 4
N ,
&= 3005
X -
T T =)
1/ | ?E”E
200 / '\‘
EE
] (Ti0)(Ru02) -2
100 e T TP T T T T
0.0 0.2 0.4 0.6 0.8 1.0
x
Fig. 13  Activation enrgies calculated by Eq.(8) for the SB
model.
2’
Fig. 14  X-ray diffractograms of the crystallized (TiO,)«

(RuO,) -« powders.

Hpa¥b L350, 15x50.3,0.45=x 0. 7TOHH T
Vegard Q4 5 DK &I A VHSER® & iz,
FH MG D7z 1z Rietveld BRI & D FEl 2 HIE %
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#* 6 Lattice parameters of Ru,,Ti;O, solid solution

prepared by coprecipitation method

X a, A c, A VN
0.00 4.4997 3.1077 0.6906
0.10 4.5236 3.0849 0.6820
0.20 4.5327 3.0648 0.6762
0.25 45379 3.0584 0.6740
0.30 4.5384 3.0502 0.6721
0.35 45353 3.0567 0.6740
0.40 4.5400 3.0460 0.6709
0.45 4.5573 3.0210 0.6629
0.50 45758 3.0107 0.6580

- 0.60 4.5685 2.9856 0.6535
0.70 45743 2.9906 0.6538

0.70
2 Powder diffraction
o Rietveld method
o
0.68 |-
H
. By @
Q n]
(=1
Q
=}
B
066 |- =
B
B B
a
064 L 13 i 1] i 1 L
0.0 0.2 04 0.8 0.8
Composition x
Fig. 15 Compositional dependence of tetragonal ratio of lat-

tice parameters obtained by X-ray powder diffraction
(B) and by Rietvelt mmethod ([).

# 7 Lattice parameters of Ru, .Ti O, solid solution calculated by Rietveld method

X a, Co co/ A u Rp Rw
0.00 45020 3.10778 0.6903 0.3045 10.34 13.95
0.10 45247 3.08610 0.6821 0.3000 12.04 16.97
0.20 45328 3.06910 0.6771 0.3011 10.65 14.36
0.25 4.5339 3.06500 0.6760 0.3000 18.74 26.69
0.30 45388 3.05530 0.6732 0.2986 10.47 14.40
0.35 45319 3.05730 0.6746 0.3015 12.44 16.94
0.40 4.5417 3.04870 0.6713 0.2983 11.16 14.92
0.45 45572 3.02820 0.6645 0.2990 11.96 16.66
0.50 4.5679 3.09140 0.6610 0.2949 10.79 14.95
0.60 45764 297310 0.6497 0.2967 17.03 22.60
0.70 45717 2.98550 0.6530 0.2980 15.81 21.11

Tolee TORREETICRT, BREE KT ER
DEAL DV THAREZ BT L 2 5> o 7z, Rietveld i
& % co/a, DAL H KI5 HEE Tz,

FEAE

Fpkik & O g FM R & o TREEHO &R E
ATz,

RIGSREEX1120°C L U7z AR TlRIGRE HMEL
ENF A CEEY T, B KIGRENE VW E RuO,0&E
HORER D 5, RROBELERIC X 2 & BERRRHIX
¥ 1R CRIGIR T U, OO 2 &< LT b (330
% C)EBEECREEPRSNB 0 ARERTIE 3K
BIEERR L7 b 023K E Lz,

ZDWFEBOEILERS, JCRLI, &z, &
DOFEFR 216128 UTe o FEEE X RuO,MIT x=0.2, TiO,
BIT0.9Sx TH o770

2.2 RUBENROTARAHAL POER

2. 2. 1 Sr(MysRuye) 0. DERL

2. 2. 1.1 #8

Ru OB & Uil 4 fii & 6 flid d Ob3 & < &
BNTWBEY, BERXLLOZAMTH 2, HEILY
RuQ,id v F VEIRGER & 0, BERTESRBEE 2R T Z
L & BRR ENOHE - FIAVBED N TS, &
7o, AR ELTT AR Y 1 0LEWIE,
SrRuQ; & CaRuOs 3 Ru 7 X4 4 M EIEEREY,
BaRuO, 3R A RO 7 A % A MER O E#EE
W3, /2, RuBFERDELTERTHROTAASA
b B & UEERBEE L 2 EC B R EE S D
% b D% L, SrRuO; &R THEEETH Y, Sr,
RuO, ik La,CuOQ, & Bl U fE CHEEE 2R T,

2 LIBREEERETS Rua7AA4 N TH
05, Ru7AHA4 NGRS L SICRD 5D
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# 8 Lattice parameters of Ru,_,Ti,O, solid solution prepared

by solid state reaction (Ru-rich phase)

#9 Lattice parameters of Ru,_,Ti;O, solid solution

prepared by solid state reaction (Ti-rich phase)

X a, A c, A o/ 2 X a, A c, A co/a,
0.000 44904 31059  0.6917 0.200 45940 29620  0.6448
0.025 44912 31045  0.6912 0.250 45940 29620  0.6448
0.050 4.4936 31032  0.6906 0.300 45930 29620  0.6449
0.075 44920 31039  0.6910 0.400 45930 29620  0.6449
0.100 44926 31030  0.6907 0.500 45909 29627  0.6453
0.125 44920 31036  0.6909 0.600 45920 29620  0.6450
0.150 44940 31019  0.6902 0.700 45924 29635  0.6453
0.175 44934 31018  0.6903 0.800 45920 29615  0.6449
0.200 44960 31000  0.6895 0.900 45921 29627  0.6452
0.250 44965 3.0990  0.6892 0.950 45930 29608  0.6446
0.300 45010 30860  0.6856 0.970 45928 29614  0.6448
0.400 45031 3.0855  0.6852 1.000 45926 29586  0.6442
0.500 45066 30850  0.6846
0.600 44970 30903  0.6870
0.700 45030 30844  0.6850 o
0.800 45013 3.0861 0.6856
0.900 4.5030 30920  0.6867 . . .

' 068 1 ’ ) Ruo.2 solid soluti.on
L3 EDBHISNTWEMO, 5D T = AEE ¢ -
BRnTAGA LT BYA M 2MOLBTRE oo el
5fid Rusil : 2 QR THETZRABOE A0 TiO, solid solution "~ _ ‘
7AHA4 b £ LT Ba A0 Ba(MysRuze) Os M= cee o0 e o0 0 e
Sr, Ca, Mg, Cd 129\ T I EELEHE S LT 555, e e e w10

Sr & Sr{M;sRuys) Ol W TR SRIERE ST
Wi o 123, 0,-HIP ML %42 Z Lic & - TERH
T& 7,

2.2.1. 2 EBE&

e i THER D SrCO, (BARALY:, BEFRHK), CaCO;
(BB b, RRERHR), M MeCO, (B b,
B, ZnO (F7KEE, 99.9%) B & UF RuO, (7 V¥ &
B, 99.9%) %R L7z,

A2 Sri:M:Ru=3:1:20&&Icks k518
REAL, 1000°CT 2 B, DWW T1100°CT 4 KifEjz2
SHCIRBEL 12,

Z DARBERMA % 98MPa D FE 1 TR BB U 7z
%, BOBD1300°CT 4 K, Ar-O,iREF X (0,=20
%) % L CT130MPa @ JE /1 (Po,=26MPa) T O,-
HIP ML 217 5 )z,

F 7z, BB O E R U FE OB E I Philips #1454
DR X RREHTEEE PWI1800 %2 L7z,

Composition  x

Fig. 16 Compositional dependence of tetragonal ratio for

(TiO,)«(Ru0,),.x samples prepared by solid state
reaction at 1120°C.

WSAFFEORE W iE SQUID ZEH L7z,

2. 2. 1.3 BReEE

171 O,-HIP 12 & D &R & 17z Sr(ZnysRuys) O,
DR X SREIPTHE % R $, Z #Lik Galasso Hiz & D
EZN T3 Sr(Zn,sNbys) 020 & FERIC N H ER
OB DORT T ZAH A4 b THREIHSSTE, Z 0K
FEHIL a,=0.553nmn, c,=1.378nm TH - 7z, Fkk
12 Sr(CaysRuys) 038 & O Sr(MgysRuys) Os b 757
AROBANE A~ T A% A b THEBE ST E I,

#10-1212 Sr(ZnysRugs) Osy Sr(CaysRugs) 058 &
O Sr (Mg sRuys) O, IR, FERE 2 RT, F41Z
ENThOILEMORFER T £ LD, Ez, K
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Fig. 17  XRD pattern for Sr(Zny,sRuy;) Os.

310 Observed and calculated d-spacing, h k I and normalized

intensity values of Sr(Zn;;;Ruy;) 0,

h k | | deale (hm) dobs (hm) 171, )
0 0 1 0.6868 0.6862 05
1 0 0 0.4792 0.4788 0.5
1 01 0.393 0.3914 4
0 0 2 0.3434 0.3432 1
11 0 0.2767 0.2772 100
2 0 2 0.1965 0.1964 23
1 0 4 0.1616 0.161 1
21 2 0.1602 0.1604 12
2 1 3 0.1421 0.1422 13
2 0 4 0.1396 0.139 1
2 2 2 0.1283 0.1272 6

#11 Observed and calculated d-spacing, h k 1 and normalized

intensity values of Sr(Ca,sRuys)Os

hkl doalc (nm) dobs (nm) /1
0 0 1 0.7013 0.7003 2
10 O 0.4921 0.4923 3
1 0 1 0.4028 0.4024 3
0 0 2 0.3066 0.3508 1
1 0 2 0.2856 0.2855 93
11 0 0.2814 0.2805 100
2 0 2 0.2014 0.2015 53
1 0 4 0.1652 0.1653 14
2 1 2 0.1643 0.1643 36
2 0 4 0.1427 0.1429 9
2 20 0.1421 0.1422 11
2 1 4 0.1276 0.1277 8
3 1 2 0.1272 0.1273 10

13T IR D72 DERE I LTV D  Sr(Zny3sNbys) O3 &

Ba (Mg1sRuys) Os DREFEH S DE 7z,
Sr(Zn;;3sNbys) 05 & Sr (M sRuys) O TR T B80S

EIEE LV LT Ba(MgysRuys) 0.0 FE 80

#12 Observed and calculated d-spacing, h k | and normalized

intensity values of Sr(Mg,;;Ruys) O;

hkl dealc (nm) dobs (nm) /1,
001 0.6855 0.6763 1
100 0.4781 0.4783 4
101 0.3921 0.3912 4
002 0.3428 0.3464 0.5
110 0.276 0.277 100
202 0.1961 0.196 19
212 0.1599 0.1603 14
204 0.1393 0.1391 6
220 0.138 0.1383 3

#13 Lattice parameters of A (B,;sB’y:) Os type compounds

compound a, Gy
Sr(Ca, ;Ru,,,)0, 0.568 0.701
Sr(Mg; ,Ru,,,)0, 0.552 0.686
Sr(Zn, ,4Ru,,,)0, 0.553 0.688
Sr(Zn, ,;Nb,,,)0O, 0.566 0.695
Ba(Mg, ,;Ru,,,)0, 0.5765 1413

CoMFICRE L, Ba & Sr DA+ v EEOERERIC
ANBERF2MEEE>TWS, CHIFAL LS 5H
HIEIDR_a 7 A H 4 N TBYA b3 112 OHRKSET
X 223, Sr(MysRugs)Os & Sr(M,;;Ruys) O, Tld M
E RuDBEEBH#HENREL>TWEbDLHEEI NS,

181z SQUID 1z & Y Bl L7z Sr(ZnysRuys) Q.0
WEROBEELERT, KR THEENAE T, Tc
£ 0 EIRTIIEENEIE 0 127 5 M L Rk
BEFELERLU, LLLERMNS, ZOLEYIER
#97 D& Te B TRBICHHEEMET 2D Tidk <
T, WRIWET LT3, K191 SrRuO, & ORES 1
DIREZAL 2R T HUB D728 St (Zny,sRuys) 0 DG E
bR U720 SrRuOs i3 S8 AR D S BIRY R IR Z b % L
T, 72, SrRuO; & Sr(Zn,zRuys) Os Tk Ru @
JEFELS 4 {Hi2> 5 5 fli~ZEfk L, B ¥4 M Ru ®—R
23 Zn WWEBHEE L TW I b 0vb 53 Te 23E U140
KThs,

B204Z Sr(CaysRuys) Os DHEEDBEE /L 2R L
720 FERTTHEMN—IRE 27012 g YD OWEER T
ZRL5bDDFDREZLACIE Sr(ZnsRuys) Os & H L
e LTz, £z, Sr(MgsRuys)0:5r & Ru &
BEERT T AA4 b UTE Sr(LiysRus,) Q05 R&
BN T B2, Te I CRBUCHERME T +50DT
B GBRIETLTWS Z & & Ru OFEFED 4
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Fig. 18 Temperature dependence of magnetic susceptibility
for Sr(Zn,;sRugys) Os.
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Fig. 19 Temperature dependence of magnetic susceptibility

for Sr(Ca,;sRuy;s) Os.

iz & 5 i~ L, B YA b RuD—EH Zn KB
BEBEL TWBIZbhhb 657 TeFE U140K TH 3
Z_ t@irﬁ]U'C‘XﬁOTCo

2. 2.2 ROTRAA MBI Ba,_,Sry(ZnysRuys) 0,
DER
2.2.2.1 W

BIEIZRANT & 912 Ru OEREM L UCIlE 4 i
6fliodb DML LHOENBY, BREZDDIZTAMTH
B0, a7 RAh4 MEERRS &R 5
EDZENDY, BABOBEETTALA M Sr(M,ys
Ruys) Osi2 DWW Tl O,-HIP ML %353 Z LIz L Y &%
T&7z,

Ru @ 4 {fin> & 5 iDL E DR DB TRS
ETEIZONHANLZEZANELT, KETTAH
KOS T & % Ba(Zn,sRuys) Os E EBEBELE T TEK S
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Fig. 20 Temperature dependence of magnetic susceptibility
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JFRHC I3 THER D BaCO; (FIXEHESE, BAZERFK) , SrCO,
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(CaysRuys) 0527 E AR ICA R OBRAB DO~ 7 A
B A N THEEENSTE 2O FERIE a,=0.575nm,
Cco=1.409nm TH - 7z,
EEROBRFESE & B—H 2 2 RO BEFR % 2
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Sr DEMEDE L BB ONTERICLELRBES
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oo &7z, 0.5Sx=0. 9DMMRHFE CIHBRSTIC &
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Fig. 21  XRD pattern for Ba(Zn;sRuys) Os.
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2. 3 HEESM

2.3.1 7HH4—EETIOEHK

2.3.1.1 FLwic

TR F Y B EMmE LTV FN, THY—EB L
V7 Ny A4 D3IDDERERE> T WD, VFNE
TiO, X FFEM L AEaES O & LA Avoh
T &z, BT, 778 —¥E TiO i3V F v O hliiE
BEL D BEEESENI EnOEZ L OEEMBEE ST
W B0 & B KDTEESFIRIZBED N N
Bz BRBC AR L TR B F DN RIEES. 0eV T,
TFHI—BiEENLD0.2eVEBILEV, TOERNEN
B, T —¥OKNEIT X HKRBEERE T EVF IV

LODRDKRELREIEBHSNT VA, ZDN D,

WRIRT7 ¥ ¥ —ERVN—F VBRI L 2EFGERED
WI9213 % < DIMEVHEREINTWBI, Z LA L

5, O ORRTIEEABHERE I BE < Bb 5 HFHY
BHOFHLF Yy 277V E—va VPRETH S,
LieddoC, §flic7 5 — €8 TiO, 0BT - ¥
B RS-0, BREREERE R T 2 HE
Wb 5,

Chan %3 UHV-MOCVD F#iZ & - T SrTiO. %
WE R BN TVF AV TiO, B 7 & —¥H TiO, MK
DFHLHIREEZIRME L TV EH, KEA D= X LIXHE
BEanTWwv, HAid, SrTiOER2HWT, 4F

My 7y - MBE) LT, 774 —¥H TiO,
BEP KT 2E2HBE L,

2.3.1. 2 =B

SR A —BEFEHFTE(RHEED) & oy 7 Aff
EH7#: (XRD) I & - T TiO0, 1 0 5 5 e O R Hi#E
B E, TiO, M & FR O T & iz hetero 1 >~
¥ 7 = — A DEEERN A L7 MBE Y27 A&
BZERGZE10*Pa) 2 b, TiEY — A &L T
Knudsen /v (K- V) AL T3 HHI L
HIFINEAN) I TIRAHETERI N, FEHE
WFEE SrTi0, (001) EAK (0.5wt% Nb ¥, ¥4 X10x10
X0.5mm* TS WHEHEH 7V~ —TT7 e rEx
8 ) —NVRIZE o THE L, MBE ¥ ¥ > /3—T930°C,
1 ¥, 3x107°Pa T TR FANVERE Lars7

- == L7e,, TiO, ¥ I3550-600°CoEMRIC IR FE R & Ti

EREPEESRDL LI THRES S, KERE
& RHEED 8 ic & » T =8 — L7e K-wIViRE
131390-1400°CTH o 7eo Y I 7T X< HIX200W,
13.56MHZ THiE 3 iz, RHEED /8% — ik, 4°0
HE ATV BEFE—22HWTE SN (UL-VAC
&), Bt Cu-Kg SEHHAL T XRD /¥y — %215
7z (20kV, 10mA, RJINT2000, Rigaku),

2.3. 1.3 HEReER
Fig.2.3.1@&®izZzhzh [100] & [110] ARz
Hflah b SrTiO, Substrate ® RHEED /89 — v %
R~ LT3, Fig. 2.3.1 @ @ik D@) &OITHIR L T,
20nm DE#AD TiO,#ED RHEED /8% — v %R LT
W3, X0 E@IZRER LI BESEE AT 4
EIXFREH 2R > T3 ZER2RLTW S, ETERD
a-1illid RHEED /8% — v s a=0.381nm 2S&FE s h
Voo TOERT F Y — XD a-ili & 1ZIF—8 LT, Fig.
2.3.2 1% TIOMED XRDG-2 § /8% — > ®iRT . BRIz
EBE—27MAT, —ADFNE—INBT7F+5—¥
D (004) ¥ — 27 2G5 LT, 2 §=237.80 CHHEI s hiz,
XRD /88 —ip b 7 F & — L HEEEO ¢ #1130.9396nm
CHEAINE, 08— o T Y —YHERE
BELTWwaZ e, BITROBIEDSFHES NI
FRRIIRE L 10% AP T—8 L Tz, v F )V TiO, 348
EERO K RIRE TN FNICEE T, anatase B
TiOBTEETH %, LnL%d 5, Table2.3.1 iR
T & 512, SrTIONC N T 21 F AR T 5 —E Tl —
3% TH B L TAVFNTIRF17T.6%TH 5.4
FARBEDENDLVWELZ I FVRIRIC I > TH
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(a) (b)

Fig. 2.3.1

incident electron beam are [110] for (a) and (c), and [100] for (

SrTiOy
(100) (200) (300)

d=0.2439
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20 (deg)

Fig:. 2.3.2 The Cu-Kg XRD pattern of a anatase-type TiO,

thin film grown on a SrTiO;(100) substrate.

BETF I —EBREMLEEZOND, BNST F
Y — ¥R LT, 75 —LEED a- o HR L
TWwb ZehBbird, i), BEO - rrEgaD
BRoz»EEITBY, BRELT, BREARL
SR O AR TR I — B R e Tw 5,

Riz, BEDOF| | I 27T 572012, LT

DOAFBEREHEHLR :

il
81:(1/E) {0'1*11(0'2*’0'3)} (1)
82:(1/E) {62_V(0'3+6'1)} (2)

&= 1/E) {gs—v (ot o2) !} (3)

RHEED pattern of the SrTiO,(100) substrate above and of the anatase-type TiO, thin films below. The directions of the

) and (d).
Table 1 Comparison of a- and c- values for powder and thin
films of anatase-type TiO,, along the lattice mismatch

against the SrTiO; substrate.

The lattice
mismatch (%)

a-axis c-axis
(nm) (nm)

SrTiO3 substrate

Anatase-type
TiO2 powder

0.3905

0.3785 (ap,) 0.9512- —3.07
Anatase-type

TiO2 film 0.381 (at) 0.9396 —2.46
Rutile-type

TiO; powder 0.459 0.2959 +17.5
€12:3 —0.0066 0.0122

e1 =2 = (a — ap)/ap

ZZT & E, c RU Yy BRER, YVIE, [0/1, K
URT Y VHERT BRAF L 2, 3ixENhZTH a-H,
b-iB L Le-llemd, 22T, EBLV vy BFEHH
BRESNTWS,c HIAMDIEI 0 THS EIRES
32(0:=0) EEORT Y VHIIUTORIZZ 5,

V:(_Ea)/(81+£2_83) (4)

KOEZFA VS & p=0.48D5EHE Nz T2, ¥VE
LT & A ERZ s 5 [FERROREF#EMIE, MBE 75
ZER LT SrTiOEt_Eic it U7z BaTiO M TH
BEIENL, 7FY —PROBRIESL (atet
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&) WIFIZ 0B Z &, > T, p FIRIF0.5%E 2 Z
EWRBEFEZOND, L DET Iy 7 AWEDOK
7V Hd BaTiO BT, @HE 0. 195 50,3700 E
B S, EEAIECINE, R7 Y CEEOBERRR
E130.57T, FEEREO. 48IXFER 1T K & T %, TiO. 1
DR THRBLYMETHSE VR 5,48, clliDE
WEOFRE2FMT 572012, v —FT VTRV F—
ZEE LUz, BAE—EOWET ciloZ{b2EET 2
E, THI—EHEROY—TN Y T ZANVFEF—LT
& — PRI L TH3k]/mol /& {7z oz,

2.3. 1. 4 %

OODHKEM LIS F Yy VT F 5 — LR
MBE % CB# S 94 v 2 v T SrTiO. #4457 b ic ki E
SR BHHRTz, COWEED a TR L, c B
oz Elz, K7 Y VHIE p=0.48L, BH TKE
HEIZ i 5 T2,
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2. 3. 2 RuO,-TiO 2 R
2. 3. 2.1 AHIC
KGO T AN F —2FHFIHT 5 7201i%, wH
KT H R 2 RO MBI E OBEFESRD o h

B, INEFTWR=FTEH VY V7 LARTFIDEIREER L
F VIR KR TiOZOXAEM S R shTns
D3, IREH 2 51 TIOEIWERE > LT
B, FITH T I —EORIEHIE N F L OEfZI b
BMEZEBHIONT WS, £ CHRHFTET T4 —
P Ti0, 22— LC, RuRBEESE2 L0k
D —3ED RuO,-TiO, RO AL A Tzo Ru %%
RUTHEHBIZE 1 BCRAN,S 512 Ru 2FE X3¢ 5
ENYVEF pw PHRIHFHLODIANE MR (7 21 8
BAD)BSER SN, ZORENNY FE vy 7OERPHE
30 LFICHIRSE SN S LR TE 3K 58T,
OF#LBAFEIHERE K X Y RuO,-TiO, R HE
EEHL, RESTROEIGEERIE W & D EOR
E YRR, 272, @ RuA 4 >D7 F+5—8H TiO,
NOEEREREHES LT A2 R HE Lz,

2.3.2. 2 =B

EEICH W BBEESEE, MY 7 S VBFEERT
E8Y T1(1-OC3H,) . (0,C1,Hye) . (TiDPM), Ru(0,Cy,
Hie)s (RuDPM) 2 Va7, WM OIS K 2 S
7z, BHBRIERY VISV T Yy — 27 ORIciE
U 7z FEBRIT PV 7 BRI SR A SERE T (BF) 8¢ Si0, 3
W, [EEHEE ALO B, MgO £4R, ¥ & O SrTiO,
EWRO 4 BEE iz, BREEiEe LT, =y
— v (BRI R —HIIEL ) T 5 DB E Peue L7
%, EWEKEOHKTEAEENT 2D CKKHT
1000°C, 1HFREISRRELd 028 HAWe, =5/
— VT BEHF LR R— b ER 2 o021,
W R OFURE 28 24 e i B ngv L, BHOBEEIC ) 3
LD BRI R R LU TR R 1T o Tz, AREHE X
JFRRy 2 VOBREW L DHIEIL 72 SEOEER T
RIS B0, 2 BB MRS i,

Oz FHIK L 79 & — ¥ TiO, @ DOIERL, @1
BT 7 75 —EE TiO#K F iz RuO,-TiO,REE
DER. BEOFHM LA X SRk (XRD), #iK X
HRIAIHTE (thin film XRD), JETRSEMSE (AFM),
BB TFHEMSE (SEM), K4 4 ' E&547 (SIMS),
VUt TR EEE, BRE TN (TEM), RS
BRI E (EDS) % v TiT = 72,

2.3.2. 3 #HReER
SrTi0; (100) FAR_E1c &L L7z RuO,-TiO, R MO
ERali
B#1z Nb 230.05w9% K — 7 L 7z SrTiO.#:4K iz
RuO,-TiO, A 2 &R LTz, EDS HIERR LY, &
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DEEDF K 1Z20mol1% Ru0,-80mol% Ti0, TH %, £ 7=
gt R EE S EE 2 ym EEH S N7z, D XRD
FOT7 7 AN 201 37,418 X 46T 3 A0
BT E — 27 PR S NIz, ThiZT7F 5 —EE(004),
JVFIVEL(200) B UF SrTi0s (200) iCHHYS T 5,7 F 5 —
Y ORGSR KIBICE LS Lo Ty afiuc, VF VR
EOEITE — 7 BHEREN- 2L, oMkt T
FERuid, 775 —CRICESEB L EWT L8550
572oRuO, & TiO, DT % FIv> TR 70 VAR %
FANTREBNC X B £, RuO,~D TiO, D FEER I
8 %, TiO,~ D RuO, DEVERF I 6 % Th % 28, #
BT IIRTHE & DMET X B & SRS CRIEE 2R
TEHEENTVE,WTNNVFVEADEETHY,
7Y —PRICEET 2 LI REFIZ—F LA D
Teoizdrolzd ZOEBRROBE, TioAThHS L
SrTiO; (100) HfE RHEWR F TR EY F v v VKRE L
TiO, HEMB SR T X 5435, Russiib 3 &, HEiR LTI
IESFY P VERELIZL W ELERI N, TE
F XY —OBEREEI SR EFAUCEEER T F
—EARECEET 5 ETH3, £ T, RIZ SrTi0;
(100) B#EAER ECREEMHE L LTT7 ¥ — €8 TiO,
M2 fEL L, # 0 iz RuO,-TiO, RO E % 34
H7z6 SrTiO; (100) HfEMAEM Lz 7+ & —¥E TiO,
HE*1yma—7 4 27 L, 202 Ru0,-Ti0,%
HEE 2 um K LTz, Z O EK X #REIHrk % Fig. 2.
3.3@IZRT, 2 =237, 37, 46°FHLIC 3ADE — 7 8
MR & iz, 2Hid SrTi0,(100), 77 & — € (004),
SrTiO;(200) CHEHMF 3,7+ F—¥a—T 4 7L T
W2 SrTIO R E I &R L 72 O R X KR EHT
HBo7a7 AN E KT 3 & EOREERAEL T
WBDE, VFNVEL(200) D/INESWE — 7 BHER S huk
WZ kXD, &8 L7 RuO,-TiO, Rz 7 F 5 —¥
BICEHELTWS el SN S, 12720, BE X R
FrEFER O EO B 22> TLEIDT,
7 F 8 — Y RIESE (004) DE— 277 F 5 —¥E TiO,
(004) DY —27 2D EFBEET 2 DD L v, 2 D72,
X RETE I L 2L EERET 0 7 7 A VR
Bz, MR % Fig. 233 bW RT, 2 2T, X RALA
&0 20.2E»S1.5x COBBETREEL, 20,5
0BEET20AF vy a&Wic, ABAE.2EHFED/ VY
—YETRTaTEH,L S ARAE § 551.5°% TR D7
> & —¥H TiO,DE—27 DFEHRIFHEE X FRTIEA-T
IRWZ ERFED SHER L 12, Fig. 2.3.3 ()5 &K
X fREIHTEE CHER S 1L b o 72 )V F v B RuO,-TiO,
(110), QINDPE—27 &~ 72 VHOE —7 2HEEL
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Fig. 2.3.3  (a) The Cu-Kg XRD pattern of a anatase-type TiO,
-Ru0, thin film grown on TiO, anatase coated on a
SrTi0;(100), (b) Thin film XRD patterns of a
anatase-type TiO,-RuQ, thin film grown on TiO,

anatase coated on a SrTi0;(100)
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Fig. 234  Cross-sectional TEM image of the 36mol%RuO,-

TiO, thin film, 1: Ti-rich , 2: Ru-rich, 3: TiO,, 4: Ru

-pure
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Fig. 2.3.5 Relationship between deposition phases and Ru con-

tents on TiO,-RuQ, thin film grown on TiO, anatase
coated on a SrTi0,(100)
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L T b, HHEHLH/ N & v Ru BNV F VO BRI S
HTsbDTlwh el & s, Fig. 234 & Ru
D& IV ELEH36mol % O RO WHTE O TEM 5% 7~
37 ¥ —¥H TiO, M & RuO,-TiO, & & D FtH
WH I EBOWBE I B Y7V IR EHICKL TR
OREEING, ZORFEOHEETEEEZS LIl T,
4 FOTCHS N EIT o 14589 5, RuO,-TO, HEH T
BEAMIZED Ru & Ti OHEBAKE B oTWw5
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Fig. 2.3.6 Relationship between Resistivity and Ru contents on

Ti0,-Ru0, thin film grown on TiO, anatase coated
on a SrTi0O;(100)

RuO,-TO, HE O HI BRI E TR E {5 (SAD) Tix#
WENRE7 75 —CRRA Ry b LSRRV T IVE
VY IBMEREI N IR X BOBREES LEDLY
% L, mREIZIE RuDENEENNI W DT+ ¥
— PHENZ [ LTz RuO,-TO, B ERLE h, PERIX
Ru DENLERBKE WedIZ 7+ 7 —ERIOREE LR
T, VFNVEIBERBOC 2> TWATTREED D %,

2.3.2. 4 #%

Pl E® XRD, TEM 552, %O EDS 3475 6, 7
FH—¥a—F 4 v 7 U7 SrTiOs (100) BifS SLEAR F
TEB L7 RuO,-TO,#[E1X20Ru €V %IRE £ Tl
Ru 2 LI 7+ —¥EI © ¥ F v —HEEREKE
nNoH, 0%z 2Ly Fy—0nLTh, vF
WVEIREYARRE & OREHIC 72 567272 L, RuO,-TO,
DEER TR T 75 —EEIEE L, Ru OEIVEERD
KEWENL TR 7 -y —PREE 2R TTVFLVE
DEFEREEIT 2> T 3 LS L5 Ru BB OV
FNEROBRCEERZERBNEBDNER, 7F
& —VEOBEAZEE 1T Ru 2SS LT ELIKHT I Ha 5
AT,

3R

1) K. Domen, A. Kudo and T. Onishi, J. Catal, 102, 92
(1986)

2) K. Sayama and H. Arakawa, J. Phys. Chem. 97, 531
(1993)

3) FreewsdAt, $rReHLEEE BRI T & e & B8R
BEEA, MR RGO SED RIS Y RS v AT T A
b7 2 &, 58 (1998)

4) S. Saito, K. Okano, C. Hayashi, K. Kuramasu and Y.
Takahashi, J. J. Ceram. Soci., 100, 663 (1992)



TWr=wai, F4v) BIE, BT 2%

5) H. Marco, H. Janez, S. Zoran, and D. Giran., J. Mater.

Res., 11, 727 (1996)

2.3.3 7FH9—ESABER~ADIn(F>DiE
AR

2. 3.3.1 FLeic

B T & 3 UTHE SN, BEERCH
REFFELTON TV 2 BEAFARD—DTH 5, Bk
F 5 V%, NOx LHBEDFOIRT L, SofldErkag
FIH L7 BRBEB A QISP S L T»w 30, L+
S B NAREBEE R R T 50, ZTONY FF vy
TEAED T 2V F — 2R ORROAPRE Sl & &
ThHb, LichHoT, N FFx v 93.2eVTHS
7 )5 —E T, SMEREEE D FI I RGN R
Bid, Bz, EWE EKXRBEONHEEE 25T
WBWT, ARG TFOSMRR 2RI TS0
&, & 0T R VF —sME WA HEERE T AR RE
EFBT B EPEE L, Bill, KEFROZRES
DIN—=TCE>T, 7F 5 —EWMEIC Cr 2V 4 4
YEEAT S I LT, ARG & o THMBHERE % 7
Uz e IREI R INTDN, UL Lo, My
I BT 2 AF R CE TR OFHE X8 L v S,
Ve FVRIC X O EBIL 727 F & — EBEAD A &
VIHEADTHRE BB T B0, ZIn KU Ar 4 4 O
A&7, REBREO/BEE, SCRINGCBE Y 2 7
21To72,

2.3.3.2 E£B

Fig.2.3.712, YWV F NI X 37 F ¥ — LD
RELFEDD 7 a—F v — M BIRT KBT, ¥ 72T
AV IAY—F =X DB LELNS, Ti(0-1-C,H,) 4
(0.1mol) i C,H;OH (0.4mol) 2Nz 72, Z DEWIZ,
BT, C,HOH(0.4mol), HCI1(0.008mol), H,O
(0.1mol) ZIRAE LB % 1L U THT L, &
BARGET RN SBEREERICREL, 2 C,H,OH (3.5
mol) ®MZ T, TiO, V' vk Uiz, ZEHRELTIAHE
R VERR T 25513 PEG 2FiE@REEG L, T4 v 71
— NETHEES 7 AR LB fHLl, A¥Ya—)
HEE2 AW ARSI, TiO, V)V %6000rpm TLIEN T X
EAR bwwdAa L, R, BB EITo7, LT, fF
877 F & —PHPFEIZ3000rpm TH 5 —F TiO, Vv
BEBAL, W, BMLEE L,

VU e BB I DERILUT 7y — BRI, #&
EREBHS0Nm 25 X5 Zn R Ar 4 & v kiE
AlTze A4 VEAR, BIRELEZERFHKICBW

Ti(O-i-CyHy),
0.1 mol

C.H,O0H
0.4 mol

C,H.0H 0.4 mol

H,0 0.1 mol

HCl 0.008 mol

|'|I|I L

v

Tio, Vv

C,H,O0H 3.5 mol

| xeva—74vy @EED e
v
joe soon | (e
wvar ]
] 7o —

Fig. 2.3.7 Flow chart of porous thin film preparation by sol-

gel method
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a

SEM images of some porous thin films on silica
substrates, (a) particles preparated by the normal
procedure, (b) large pores formed in porous thin film
by adding 6.6mass%PEG #2000, (c) enlarged
image of large pores formed in porous thin film by

adding 6.6mass%PEG # 2000
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Fig. 2.3.9 Phase changes of Zn+implanted porous thin films

by thermal annealing
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Fig. 3.1: Electroabsorption (a) and absorption (b) spectra of

TiOy: CuPc superlattice.
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Fig. 3.2: Schematic for the femtosecond time-resolved absorption measurement system.
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Fig. 3.3: Schematic for the time-resolved absorption and luminescence measurement systems.
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Fig. 3.6: Nanosecond time evolution of the photo-induced

absorption change of TiOy: CuPc superlattice.
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Fig. 3.2.4 Temperature dependent 2*Na spectra of the sample-

1 measured at 105.855MH (H,=9.39T). The refer-
ence peak position of *Na in aqueous solution of
NaCl locates at 105.8502 MHz.
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Fig. 3.2.5 Field dependence of the line shapes of the sample-1

measured at 105.855 MHz and 79.39 MHz.
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Table 3.2.1 Calculation results of the quadrupolar cou-
pling parameter based on the point charge

model.
Na1 Na.z Na.g
vg (MHz) | 7 |wg (MHz) | 1 |vq (MHz) | 7

r—2A-1 -0.29 0.83 1.00 0.76 0.83 0.72
r—R-2 -0.80 0.12 0.94 0.69 -0.50 0.63
r—A-3 -1.46 0.41 1.18 0.36 0.86 0.95
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Fig. 3.2.6 A fitting result of the line shape analysis of the

spectrrum measured at 200 K and 105.855 K.
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Table 3.2.2 Optimum fitting parameters of the ?*Na
line shape measured at 200K and 105.855

MHz.
Y7 (kHz) | €E—7 % | $MER (kHz) | p
-1 -8.19 0.87 10.3 1.5
B2 1.63 0.49 9.8 1.8
-3 7.36 0.53 9.6 1.1
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Fig. 3.2.9  Recovery curves of nuclear magnetic moment M

below 200K. M. is the magnetic moment at the
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three samples.
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Fig. 3.3.1 Sample mass dependence of heat capacity measure-
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Fig. 3.3.10 Molar heat capacities normalized by numberes of

atoms in chemical formula Na; ¢Ru;Os RuO, and
Ti0,, and TiO, relating compounds (KZTO, KATO,
KGGTO, KTO, NTO, RTO)
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Fig. 3.3.11 Thermal treatment dependence of the first phase
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Figure 4.2.1 Distribution of Alkali Metal Ions between Crystal-
line Dihydrogen Tetratitanate Hydrate Fibers and
Aqueous Solution as a function of pH at 298K.
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Table 4.2.1 Summary of Distribution Coefficients in
logarithm of Alkali Metal lons between
aqueous solution and the Crystalline Dihy-

drogen Tetratitanate Hydrate Fibers at

pH 3.
Li 1.32
Na 1.90
K 3.66
Rb 3.75
Cs 4.39
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Figure 4.2.2 Separation of Cesium from Rubidium by Column
Method using Crystalline Dihydrogen Tetratitanate
Hydrate Fibers at 298K.
Experimental pH Condition
First Stage pH is neutral.
Second Stage pHO0.47
Third Stage pHO
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Figure 4.2.3 Distribution of Alkaline Earth Metal Ions on the
Crystalline Dihydrogen Tetratitanate Hydrate
Fibers as a function of pH at 298K.
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Table 4.2.1 Summary of Distribution Coefficients in
logarithm of Alkaline Earth Metal lons
between aqueous solution and the Crystal-
line Dihydrogen Tetratitanate Hydrate
Fibers at pH 3.

Mg —1.24
Ca 1.01
Sr 1.72
Ba 3.96
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Figure 4.2.4 Distribution of Alkaline Earth Metal Ions between
Aqueous Solution containing Metal Ions and Ben-

zene containing TTA as a function of pH at 298K.
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Figure 4.2.5 Three Phase Separation of Strontium and Calcium
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of pH at 298K.
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Figure 4.2.8 Distribution of Alkaline Earth Metal Ions between
Aqueoussolution containing Kryptand and Benzene

containing Pyrazolone as a function of pH at 298K.
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