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Thesis Summary (approx.2000 Japanese Characters )

AL I3 Effects of vacuum ultraviolet excited oxygen on chemical state and crystal structure of 4th-
latter-period d-block metal oxides (58 4 A d 7 1 v 7 & BIELY)~ D B2 RE R 23t
SAIRAE - ARSI R SRR ) L L T TEr N, BT E ORI NG,

%5 1 % “Introduction” Cld, SEERILY) DB FHERE 2 IR L. FRICAG L CTHIEN R & L 72 34-
7u vy 7 BERIEYIC O T HIRERIE O B2 R L7z, Z Dfilfflic owT, BRDF D
SEALBINES IC X D BT B AV v O R THIRIESR O('D) 7 L IRFRIE TR &2 VW 72 ROGIC E &
L. AR I B D SR LS L OPHERLOMEBIBIfRICOwT o v 2 F & v Vi %
T o 2 L, MRIEGHE I ZBIK T s EE 2z b~ T3,

%5 2 & “Experimental and Characterization” ClZ, AL CEH L 72, ~¥ v 2 L — % —HEFE(PLD)
KX EX 5y vy VHEBERE, Xe*TF >~ 7 v 7% 07z BEZEEIE(VUV) IR B o Gl
fili RS AT 35 X MEARIEDT, £ 2FHEE D FEICOW B L L h it ~rTw 5,

55 3 ¥ ”Structure and properties of nickel oxide based on the change of the chemical state by VUV-
light irradiation” Tl VUV JEHSTIC X 2 BILMfS S DL 2IRAE I X S E~ DB, £ 72
VUV SRR ORI R EZH S »ICF 5720, NiZ 2 LZERE L 372 NiO T & X F & v LRI
XL CERO VUV B AR L 2. KRHFTo VUV RIBSIC X b —EB N A 4 v~
LI K IEFLEE O R L 104 f5IcE 2 p BEEWom E, ZL Tz ex F v v Liidm
MR MR L 2 WnE I 2 R L 72, 720 2 0ZLIE 3-5Sam BBEOERKRH KA TH L &
LT L7z, 510, BZETORHKER L OXfHD b NI ~DlgEL & 53 2 5E WS X
OS2 it I TIREHR O('D) % &9 7= VUV HFRMER DILBEI RSN TH 5 2 L %
Ho 2L, BILIGOET A2 AL 72,

55 4 B “Chemical state change of binary transition metal oxides by VUV photogenerated active oxygen
species” TlE, 3 E TR L ZMILKIGET MITOWT, HED A F Vlidk % & 0 BA R 7l
IRRE S KIEICHFIES 5 d-7' v v 7 BEEBRLYIREEIC 5\ CRELS 2 72 o, VUV Sl ok
FIGHERE D 0 o ALY DL ERTB IS MUT T E 2 e L 72, KA A4 VliuikiETH 5
CoO, FeO. Cw0 XNZND T X F ¥ v VHEICH L VUV el 2 % - K5hicsnT
Ehi L. VUV RIEEIC Fe¥ B X U Cu'CIRIZIEREAZ N Z L Fe B X U Cu*ic, £72 Co®
TIRH 23 B ColMicigfbIng Z &L 2 R L 72, VUV Otk X ERIGIER 2 /i L 721k fLe 7 v
ICOWTE 4 BEHER B EFATRETH 2 2 & 2L T LT,

% 5 B “Epitaxial crystal phase transformation in binary transition metal oxides induced by VUV
photogenerated active oxygen species” Cl¥, VUV ST & VUV KRR IC X 2L REZE L




BLUOHEZCOHBZIHAL 2 IcT 2720, 4 EHO T X F 2 ¥ VERICO W TREERRE D
ZACBEFRIC DWW TIIE L 720 JAERR L 72 B FVEMERRIC X o T, CoO (111)2> 5 Co304 (111), FeO
(111)2> 5 a-Fe;03 (0001), Cux0 (110)2> 5 CuO (010)ICFHH & D = v & F o v LA BE 6% % HEFE
L7-aEZftzEC s & %Eﬁ L7zo WHEZACIZ~4 nm BEOHBERmICREchr %
WIHIBIZ I X WS 2 L, EEWZA(L & OB 2> 5 Deal-Grove € 7 MV ICHI ™ 2 R
ThHhbrZ xR AML T, *ﬁﬁzﬂﬁ#iﬁl_@@ﬁ*/f AUl S VR 2y 2T 4 v Ik
RIGTH 5 2SI L, LEIREBDZEHTFHE T 2 RTHEE O EEN AL E %2 BE) /)
&3 ARG E T VIR L 72,

% 6 E ”Contribution of VUV photogenerated active oxygen species to conductive properties by
reducing oxygen vacancy” Cl¥, S EE TICRHE L7, VUV EIIERESRZ N L 72)IGICBE T %
JICHERICOWCFHi T 2720, d-7 v v 7 &fEx FEMIOTR L ﬁ"%)%’ﬂﬂ‘%mio’i [OEDIEA

FEE IS5 2 VUV IR 2050 L 72, BER2EL 2 EA L 2B {L RS YBaCusO7s (001)
A~ D VUV ERSCiE, Cu-O BF ORERZEfLEIRICHIN T 5 & 2545 Tc onset D 46.6 K
225 79.0K ~0h Ex B L7z, ZnO (0001) IS 32 VUV KBS Tld. d BB 7 S 4
7o Zn* DALAIRBEZAL MG O Nm v —T7, T ¥ X F & v VAfEE, B8, aTDLERME %
MERF L 2B 22 AR 2 R L7z, S ORI, FrEU 245 G 2 R L -2 Bty
DIEFR RT3 X OYED I NALEERI 72~ 2 — = v 7~ OISR R & 754 2
ER7 o2 2 DEHEFAT & L TR o G2 R L 7,

%5 7 & “General Conclusion” Tl¥, AWIFETRININMEREZIIC, VUV ARSI L U VUV
TEERGRIC X 5 d-7 v v 7 BIERILYIR G OLIREE L&, YIEZ 2 2L DFHBEIC
b IHMAEZRIE L, hbofilflic s ) 23EHEH B LS ROERE ZHR~TW 3,

PAE XY RS EREIOUMERRZFHE S 2 d-7 v v 7 @RISR ICE T 2LEK
REZEAVITHE S HEE L PIMEZ L DB AL 22 LT D . 2 b DFERIT S B O RIS 7
0t 2% 72 BT RRBEERE LY O W T N 4 R BT 2 BRI B X OMERIEGHER % 5 2
2b0THY, L¥ L TEEHRBT 2L ZA208KE 0, X o TRGMIEL (L) 0¥
e L CHaaiiifizid 3 Lo bivs,
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In this thesis, the chemical state changes of 3d-block metal oxides induced by active oxygen species
photogenerated with vacuum ultraviolet light and its effect on the crystal structure and physical properties
were studied using epitaxial thin films.

The epitaxial thin films in binary oxides of 3d-block metals, FeO, CoO, NiO, Cu,0, and ZnO, were
grown by pulsed laser deposition. The changes in chemical states, structures, and properties with non-
thermal vacuum ultraviolet light irradiation were investigated. The chemical state analysis by X-ray
photoelectron spectroscopy revealed that cations are oxidized in transition metal oxides other than ZnO
by active oxygen species, including an atomic oxygen O('D), photogenerated by vacuum ultraviolet light.
The cation ratios and crystal structures of the oxidized thin films were consistent with the
thermodynamically most stable crystal phase of each metal oxide. In the materials systems that can take
multiple ion valence and mixed valence crystals are also stable, near the surface topotactic crystal phase
transition inheriting the oxygen ion arrangements of the original structure were revealed.

A model of oxidation reactions driven by electrostatic destabilization of the local structure was
developed. This destabilization is triggered by the change in chemical state via diffusion of ultraviolet
light-induced active oxygen species into the film. Additionally, the following material engineering
guidelines with this reaction have been proposed; (1) The chemical state change to oxidize cations occurs
as the amount of oxygen in the crystal increases, (2) If this change in chemical state is accompanied by a
change in crystal structure, the phase change would be a topotactic reaction that inherits the oxygen ion
arrangement of the original structure, and (3) This crystal phase transition results in the thermodynamically
most stable phase in the irradiation environment. The guidelines were also applied to layered oxide

crystals, and the UV irradiation process in this study is a fundamental technique for device applications.




