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Research on

Outline of

It is expected that photocatalysts can realize a
production of hydrogen as a clean energy source
and a removal of hazardous chemicals in an
environmentally low-loading manner. In this
research, we have done basic research on the
development of a soft chemical method to put
cocatalyst onto photocatalyst and to produce a new
layered structure in order to enhance a hydrogen
emission rate. As for the photocatalytic cleaning of
hazardous materials, we have tried to know it
better basic photocatalytic properties of hollandite-
type photocatalyst which is expected to have an
excellent ability of “selectivity”.

It is a very important issue to make a solar cell
as a clean energy source much higher in quality
and much cheaper in price. A key point to low
price is to invest it with a storage function of
electric energy in some way. One of possible
choices is to combine it with a lithium secondary
battery with high capacity which has not been
realized yet. The development of new materials
should be done to enhance an energy capacity of
lithium secondary batteries, and in addition we
have to make an issue of safety sure. We believed
that an all solid state lithium battery gave a drastic
solution to us. In this research, therefore, our focus
has been placed on analysis of basic problems for
its realization.

Soft chemical reaction techniques are not so

Stannates

the

and Titanates

Research

mature yet that they can be easily applied to any
general objects. In this research, therefore, we
have tried expanding a field of those reactions
and applying them to preparation of materials,
while we have promoted a better understanding
about various soft chemical phenomena.

The research results are described in Chapters 2
to 5 and outlined in the following.

Chapter 2 is spent to describe things about soft
chemistry; the synthesis and characterization of
MnO, nanosheets, the designed preparation and
characterization of flocculated materials in an
inorganic/inorganic or inorganic/organic manner,
and the synthesis of some useful materials by soft
chemical processing.

In Chapter 3, we describe the designing,
synthesis and characterization of photocatalysts
using nanosheets of layered pervoskite. In
addition, brief descriptions are given about
photo-hydrophilicity and some photocatalytic
properties of hollandite-type photocatalyst.

In Chapter 4, we describe ion interaction and
ion dynamics in one-dimensional system of the
hollandite-type. The latter half of this chapter is
spent to outline the results about basic research
on all solid state lithium secondary batteries.

Chapter 5 is spent to describe miscellaneous
findings derived in connection with this group

research.



FH1E HIFEEE K OHERR

1.1 I

RIEMBEOMRRI IR 4 2 RE TOZE N
VHETHD, BEFRLPRERES AT 25 1E
KT BRMOMIELFD—>Thb, £, B
BIFGUIBRTHDEEBIT, R LT 72 [MRE
BEL TS, ZTNOIZHETNI LT 57201
1, PR EICBED A FIERT AT LDHEX
72 WEBRRARFIRTHY | MR35k
MBS BRI TRREL 2D,

AT N—T TR BT AD SR ERE
SRR RSB EIIERTARED . B
Tere M OBRER - RIS, FER B M FF A - ARAT
RO REE{CE B A5 E - FE S RO R
i, FEATEIZ BT B 50E | D~ EARRIES
FID—TREL TYT -T2,

BHEOIZIE, AX - F 2 BEZROWE S F
DI, ERECFEWE O 5 - Bb3
B s Bl O B Em AR/ NI T
AR EMO EBRIZEBDLARMEARELE . D
BRI OB AR AT
AEEBIT, ZINHFEM OB - BRI O E
ALY 7T MEE RIS FIEOTEREED
AT T e a2 1T > Tz, AMEET
%, EORREBRL T,

7k, ZOEICEEIL T, LA
WA B0 o0 my eI
WHILCTEML 72, ZNDILEEMGEFT THS
B, BEDTZDITENSDEFERITLTEL,
R 24F4 A K0 TR E L FE B BRE R DAl
DERER - BB B3 A58 2 BRAL 72, SERk1
184120, Tav e N T VR ERIR o —
BELTIar e F 7 e AR TFE:
Frigre BREWEORR &, $ 1344
Aix, T 27— VEREE - = VX — W E D
Bl 2B A7 ey = b —R A, YT

{LER RS FEIC L5 S Fe B K By B oD B 3
(B o TR PR T,

1.2 WFoeiE

ey, KRS ZRA L CRERAT
W27 U —rm X —JRE LTHAREDAIR
RFENFEYE OB EEETEAMEE L
THIRF ST A, ABFSE T, KERED
FOEMREEZBEL, ¥ 7 MEEHFIE
12 & B At Bh AR O B R -CH R B IR AE
EOBEICET R EE1To7, £tk
FNZOWTIL, BROSIFRREFEEE .,
SRR B D 2R L% B B AR.80> BIBIRME
SRR E SR B T8O —F U F 1 b
BULA Y O FEARERE ORI D T & T,

7Y —r 2R AF—RE L TKEEROS
PERE(L - (RERMLISEERRETH 5, KFL
DEN RO FITEEHEDHETHD, £
DD DOBRFEDO—DIIEREY F 7 LR
B OMBEDETHD, VFULRE
MOBAEIZIX, FeZMOBRRESE
PEOMERPTRT RNEFECTH D, AHFET
X, FORAVMFEIIR L L T2 Fv
I IR B D EIHN 6T T EAsr i O fiE A
WEREH T,

Y7 MEFEROSE, BR T EE—R8972
HEIZEZIFIATE D LD TIERY, £2
TARMZ T, RSB OZ(bom B E
Ky, L RDERDREBERICKT HEEE
B0, T b DOFIEEMERRFHOR A,
b EERZ2E - MBS RICIER T A5 %
B L7,

L E, AR TIEET 2 v 7 AMEORE
A LPPREIZE o HHEREIZ DU N T D AR ST
. V7 MEBEFREDRE L FDOEEOR



FEED, ZEANIE > TE 0, HEDH|
6 B D O THARBEE TIIHEH 2R % Tl
IR 5, BEMIC OV TR EDRREIZHE
FH LA SR L TWEE 20, LTI
BEOWMEERNT5,

F2ETIE. V7 MEERISFIEICED S
SHBEER R MMBIOBRR EFE oo A RO
ZiR{b. FIBEMRI TR DORBE, HEfa s
REREE U - mlH 5V I EE - F
BEEEME ORI ERCTHER E L &b
2, YRS TFEE AW Eo0 0 B
BERM RO A I DWW TRER 5,

FEIETIE, V7 MEERIGIZ & 5 tefifi
MEFDORRFHIA R & 7 DRI DWW TR
WT5HEEHIT, LR L DB KEDF
Bip ER—F 7 A NN AEAT R OB R
PEIZ DWW TRER T 5,

FABETIE, —KRITEERICBIT A
FMHAEERSCA A AT I v 7 A ROE
FEREE AW TEGEOBRMAROREIC
B4 5 ERWZ, TR EAREDERR
BT RIEMEYE S DOYRR & Rl 7 K
DT T 5,

5 E T, BhEMIEE L OKBR/EaMHES
FhEeR 2T DIESFREMAES, B2eMEE
EA UGS RS E DT, RO F 7 A
NT =0 LA OE R & BRALFERFEIZ D
WO 5, 7285 6 BICIISHROEZE %,
BTEIZIIREY A MEFRELE,

1.3 WFFAERRE
AR EIZLL T D@ Y Th 5,

VRl 154 B 7 N—T7312

BEHEE

¥in B (El 1¥4A~F1343A8)
FEEE

texARmzE PRl 154 A~F1 3463 A4)
B EE— (PRl 1E4A8~RF13434)

HEPEE (PRl 14 A~F1 343 H)

R

BEARE Pkl 14 A~F1 343 AH)

YRk 1 34 4 BITMSATBIEANYE - MO

FREIER R, RSB AX - FH BTV

— LRI E T SERT D T 5| &k

BTz, JRISATBUENMEE, S OICFREL 3

1 0 A RUNE 1 44 4 BIZ#E 0 PEHERR

WENTOI, ZHDICEROFTBFZEERE D%

BOHUTOBYEERD T,

D - WEMRETE R O 7E B OHE K
13%F4A~F144¢3A, Fl14F4A
~[F 1 54 3 A SHMAFTRER T 4 V7
& —fHHE

eaAR: ¥kl 34 A~F1 443 HEfE
MEE, F14F4H~F15F38FE
EE

B ¥Rl 34 ~F 1 44 3 B EEHF
ZEB. 1454 A~ 1 54 3 A&
=

2R 1 34FE4 H~[F 1 54 3 A T
%E

WBEL Pkl 34 A~F1 54 3 AW
B
¥, R 1 A4 BT, Fiile o n—7

R & L O BMAEHEE,. RKUFH

SLREEEIZER B A - 72,

HEMRE

wo—m (Bl 144 A~R 1543 H)

BEAR B (Pl 1E4A~R15%3H)

FEER (El1 194 A~F1543A8)
EEWREIIIRE LI, ERR L 344

A X0 BEEHSREICEAHER Lotz

HAXBEMERAE
gk (BB {bF)
(Erkl 144 8~F1343A8)



/IVREEEBRR ( (BR) kB

(Erk1 A4 A~F1 4451 2 H)
HPEE () KELEH)

(Frk1 31 A~[1 543 H)

SRS
OEEREGE UEERRFERT)
REAERERY

(Eri1 1454 A~F1 343 A)
FrREEMD (FRR1 14E4A~R1 2463 H)
AHkEEY (Erkl 1484 A~F1 343 1)
FEREKY (1 3E4A~F1543A)
BHEBER? (FRR1 344 A~R1543H)

1) BITEUER LEMFHL

2) EREEERAERT AN EIL

QFRIFEER

UTHEEE (Bl 144 A~R1543A4)
EEfge (ERR1 1E7A~RF1443H)
PRiLzEE (Bl 1% 7A~R1 443 A1)

FRHERES (Epkl1 1E7HA~[F1 443 A)
mH B (CERl 158 HA~F1343A)
ea RFH (Ek 1 34 H~F1 443 A1)
WIEAR R (PR 1 1E4 A~F1 241 2 A)
FRASRIRES (ERk1 24E2 A~F1 543 A)
FH B (FRl1244A~F15%3H)
HREREE (El1 44 A~F1 543 A)
FEE T (PRl 3% 5HA~F15%43H)
* U CEEkl 3% 7A~F154¢348)
* B Pkl 3FE9A~F154348)
KHBHE (Pl 494 A~F1543H)
WHMIT CERK1 4948 ~F154F3AH)

1.4 $&EHHE
AEEEONEIL LB DRI LT
WA DI NE DFEEN LR DD, PEIT
LIFD@Y I N—THFeE 3 5 Uiz,

51 B, 8B 2 B 4 R, BB 3EHEEA,
B, EAEREY, B, BH, 55 EHE,
Bk, FilH, e E, 7EED,



wmoE V7 ME¥EES

2. 1 3L

BIRAA Meemx HERBL THE LD
QRTHRERETHD [T/ — M IFEEH 1 n
mplE CTH A0 L THEY A XI3EE 1t m
LU ThYIEFICEVEFEEET5, &b
ryﬂ%m@%ﬁﬁ?wwvﬂﬂﬂbtﬁﬁﬁ
ThHdHZ & REEPIZOM LTcan A R
BT & A PRI m%#a%ﬁ@%
HERTZ &R EL ORHEE B/ L TRV,
T Fa—T FIRFIREENST ) A —
NMNPED—o L LTEWEBRBEZEDTWS, —
FIDX DS — MEY T MEEERD
B D LIEFITEANTH Y | KB LFRIG
Tutvy T ERELTT ) — FEfkx
WEEED LUIERILTAZ LItk T/ v
— hEBET oy L LI LT BN
BOAIRAB TN TN D 2,

X2 ETICEBRT Z Bk
N T AHA N EBRHBEL TRTFZ B
T b=4T7%F /o — b FDOEREITY &
BT, ThEMHEREE UTER LN
MDY 7 MEFEREHE L TE T, A5

T R re b7/ v — DRI %
Bis L TR~ T B et o g FIBE % 1
STAE bl BonBbe T v
— k& B v— M EBAWTER A
72 J KRR ORI Z R A T,

2.2 B b~ T ) — hogIEL

2.2.1 Bk~ W Bt ER?

AR CRIBES ) o — MEDOXT&R E Lizoik
B 2.1 2R L EIRMEE % F ¥ 5 o-NaMno,,
Ko M0, TH B, FAINLEE Mn X EFTH/\mE
A3 2 IRITF MNTHEILE THE L TR MNE
R L. FORNCT VAU &BA A4 k%
IR P EIEZ A 7 %, aNaln0, 1% Na,C0, &

YL}H )
Fig.2.1 Crystal Structure of a layered
manganese oxide
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Fig. 2.2 XRD patterns for layered manganese
oxide. (a) a-NaMnQO,, (b) its acid-exchanged
sample, (c) KgssMnQO,, (d) its acid-exchanged
material
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Fig. 2.3 XRD data for a solid centrifuged from an
aqueous mixture of Hy1sMnO,¢0.7H,0 and TBAOH.
The molar ratio of TBA;/H+ is (a) 0.1, (b) 0.3, (¢) 0.5,
(d) 1, and (e) 2. Triangles and circles denote the
basal reflections from Hg3MnO,0.7H,O (0.73 nm)
and the TBA intercalated phase (1.25 nm).
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Fig. 2.4 XRD data for a colloidal aggregate centrifuged
from an aqueous mixture of Hy;sMnO,e 0.7H,0O and
TBAOH. The molar ratio of TBA/H is () 5, (b) 10,
(c) 25, (d) 50, (e) 70, and (f) 100. Numerals next to
the peaks represent the order of basal reflections due to
osmotic swelling.
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Fig.2.6 XRD patterns for restacked Li-Mn-oxide.

(a) as-synthesized, (b) dried under vacuum at
150°C.
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Fig. 2.7 SEM image for a restacked Li-Mn-oxide.
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Fig. 29 UV-vis absorption spectra in the
multilayer buildup process.
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Fig. 2.13 UV-visible spectra in the layer-by-layer
assembly process of a Tip9;0,/MnO, multilayer
system. Solid and dashed traces represent a
spectral profile after deposition of MnO, and
Tip 010, nanosheets, respectively.

VB D~T aRBE, ThbbbF s T
Bif&F/ — FORBEME Lz, BIbF X
UF R E LTET F E — B EREEERL T (P
AX:6.2 £ 0.8 nm) PELSEWLIZaaAf R
VIR (TR kU B STS-100) 2 Ve,
BT & AT R R T H Y | R
ERFP CIIREPECEET LD T =4
MR <=—THIRI AF LU AT 4 R—
K (PSS) LHEAELEDZ LITX Y LB

11

BENTERE L 725 P, TV BRFBRED%SN - 7]
RPN AT SAOE, =) 7Y A T —IZ
L BIRERIER S X VDD BIVAH A, FEH
ZOWTEEIETS (R P28 . 22T
T/ =M F I RFO~T v BRI
TR 5, EEOFIEE L TIXPSS/Ti0, 7/
$1F/PSS & PDDA/ Ti, 40,7/ — h/PDDA %
Bl LT RIBETORBELERAL (K
2.14) , ZORERF IR LT — N EKE
WCFEB L72 Y, —HaEf CRE L&, 5
PREETSR LY, BEICEDT ) #ELHIE L
TAT a RS T E T,

60

50

N
o

Thickness (nm)

6 8

4
Number of bilayers

10

Fig.2.14 Ellipsometric thickness in the layer-by-
layer assembly process of a Tip9;0, nanosheet
/TiO, nanopartcle system.

W{bF & > JRITFIE pH 2 LUF CORETE
THHDIZRI LT, /¥ — MIpH 88LLF
THEEBELTHELTLEY ZEhbEE
IS SETEATAZ LITREETH LM, ZH
WEEIZBNTIE, T/ — e F R+ %
Blle DawA R BIRSL U B ECRE
THZ L, EBITENE TIORE SN
R v—BTEDIVEEINTWATZDIZ, &
ERERENFREIZ R 5D Th A,

2.4.4 A7 « Y )VRITF, P VOEERP
H OB LB ARIC L A EEEIIAR 4« 72k
OYMED FICERIT A Z LN TE S, &eiiv U



HFIRFREEZI s YA ZORY) < —
Ko ElZVvAP—A VA Y—TCRBELT
T e o )WVEBERPARRTEAZ L, EBILE
N RY v —%RELTHLEY 2 LRHE
TEHIENFEINTRY 0 Z0RRR
R Ll o —T7 o T BEERA T
TR EIRBIANGBEA~ORABRHREI A TH
5o T/ U—NMI2WILEFHE, K1 nmDE
HIREV 2 VHEBERME LTHIRBHEEZD
NAIEERRHEE BF L TR Y . ABFRIZR
TBvF& T/ — b eRWzar - xz)v
BB LIOHZEY = VOSREBRS LT,
AL 2B R Y - —ERIZITERE 1.3 um OR
YZ2FLr (LAFPS) BREBEON0.4 pm DRY
AFNAZEZ Y L— (PMA) BR (BAEEHML
FH/) FRWE, REBHZRERFIEE LT
0.6 g ™ PS Ek#% 150cm® ® PEI ¥Rz, #
BEZNTRB35 10 SESGBES 2%, =D
SHEEZ XY PS EREENY Lz, Zizfik 150
cm® T 10 43 B IR BEE L 72 PS BR &30
BRI AR EREE 2. 3EHEVIR LT,
WA F % o F ) 2 — IV 150 cm® N
2T 10 pfE#EL, F/v—trpa—F v
T EITo T, FAKPCOREE 2, 3[EEERY
U7z, U EOBfER VERBKETHZ LT
HEID BB OBE LT 12,

X 2.15 ({22 —F ¢ v 7B XHBEPTT—

Intensity (arbitrary unit)

A

10 20 30 40 60 60 70
26 (CuKa)

Fig. 2.15 XRD data for the core/shell
formation. (a) PS beads without a shell, (b)
(Tip9105/PEI) 1 on PS, (¢) (Tig9102/PEID) on PS

Bomd, a—T 4T %175 & PS ICHET
520 =15 ~35° DTENT 7 A BN
IRRE N, BT v — TR Y ~—ERm
DB SN LIRBREND, & BIZEREE
B RT S LERERE 1.6 nm D7 T v E—
IRHBT B E L HITFEDREEINR A (ZHEK
L. 7/ 3¥—b/PEl OZBHEENERL =
T VR RELNTZZ L BSHERETE 7,
EETE TR CREIZBIE L A b
T RENEZBRNTIEF B 2RI AR
TR FHRT /) o— PR BEENRa—TF
AT THBHZ EERLTVS,

Boni-a7T « VBT % 500°CITHIE L
e ZANRTHEERY v —SITEY 5 kX
REERPRLIL, a7 BLOZEEF O PEI
DOFRIREDHERS S 7z, SEM 35 K OV TEM #42 (]
2.16) TIXIZITIR & RFF L CTHZ LA ERR &
NTERY | IR X BB Y = /L DOREEEIT D 7
W LB LT, E7 TEM &0 513 20 FE
BEEMEERVIRLTAR LIz = VDELN

R ) . n—
= B BN e y

S

Fig. 2.16 TEM image of anatase hollow shells
obtained by heating core/shell particles
((Tio.gloz/P ED20 on PMMA beads) at 500°C.

15 ~ 20 nm TH Y, 1ZTF/ — b 20 5D
EHE—EL, 1 nm B TEALZHIETES
Z R0, I HIZXBREPTER X OEFE
W7 —F XV ERLIEFLEY 2 VT B
EMED T F 2 — PRSI LTS = &2
HIEA LT,

—HBALF % T ) — b DI R %)



ALTRY<=—DOREEITO> ZELHETDH
-7z, PMMA BRIZ Ti, ,,0,/PEI % 5 [EBEE L TH
BRLizay « = VRIFIZxE ) b0k
NERAZTo72E 2 A, 5 nm RO THEWN
BEIDOHRZES = VDG LIV, MMEEEIZ L5
a7 DRELESTRSHTY UV — 207
THY, #H nm EFEFITENY = VRREILAE
L5, ETMBLIRZ DNy = )WET
FE—BHETIIR T - FNoFEEEE
BRSNS,

2.5 BHYIZ
PLb. ABFRIZBNTEH LN/ — e L
Tk~ ToF /) o— BBz, Z0H
LW o= MITEER Y Ry 7 A2 R
L. ZHE TICERDNHE SIVTW AL #
VR = AT R ONERAT ) — FRORG
TH e oD ) - R EREE
25 bbb T/ L— b OMEREME DB PEDS
ST ERZABDIENRTED,
ﬁa@%¥% yTiI s v—E
WS, BBk TE BRI LERLIE, T
ﬁ& GE S DICHE S, e e
T = NEWAWALRBEREN ST, 7 T AF
—, TR 8 LR < T LUV TR
BT A LI LY mEREBRELRET D
I ) REYERRL, T T AORGHERE L A
BRLRBETHISNS,

2.6 3CHR

1) A. J. Jacobson, Comprehensive Supramolecular
Chemistry, Ed. by G. Alberti, T. Bein, Elsevier
Science, Oxford, UK, Vol. 7, 315-335 (1996).

2) T. Sasaki, "Novel Nanosheet Crystallites and
Their Layer-by-Layer Assembly" In Handbook
of Polyelectrolytes and Their Applications, Ed.
by S. Tripathy, J. Kumar, H. S. Nalwa, American
Scientific Publishers, (2002) p. 241-263.

3) R. E. Schaak, T. E. Mallouk, Chem. Mater., 14,

13

1455 (2002).

4) Y. Omomo, T. Sasaki, M. Watanabe, Solid State
Ionics, 151, 243 (2002).

5) P. C. Delmas, C. Foussier, Z. Anorg. Allg. Chem.
420, 184 (1976).

6) Q. Feng, H. Kanoh, K. Ooi, J. Mater. Chem. 9,
319 (1999).

7) Y. Omomo, T. Sasaki, L. Z. Wang, M. Watanabe,
J. Am. Chem. Soc. 125, ASAP (2003).

8) D. M. C. MacEwan, M. J. Wilson, in Crystal
Structures of Clay Minerals and Their X-Ray
Identification; Ed. by G. W. Brindley, G. Brown,
Mineralogical Society, London, 1980.

9) T. Sasaki, M. Watanabe, J. Am. Chem. Soc., 120,
4682 (1998).

10) M. M. Lemer, C. O. Oriakhi, “Polymers in

in Handbook of

Nanophase Materials, Ed. by A. N. Goldstein,

Marcel Dekker, Inc., New York, 1997.
11) F. Kooli, T. Sasaki, M. Watanabe, Chem.
Commun. 211 (1999).

12) Y. Ebina, T. Sasaki, M. Harada, M. Watanabe,

Chem. Mater. 14, 4390 (2002).
13) J.-M. Tarascon, M. Armand, Nature, 414,
359 (2001).

14) A. R. Armstrong, P. G. Bruce, Nature, 381, 499

(1996).
15) B. Ammundsen, J. Paulsen, Adv. Mater. 13,
943 (2001).

16) G. Decher, Layered Nanoarchitectures via

Ordered Nanocomposites”

Directed Assembly of Anionic and Cationic
Molecules. In Comprehensive Supramolecular
Chemistry, Self-Assembly and
Self-Organization”; Ed. by J. P. Sauvage and M.
W. Hosseini, Pergamon Press, Oxford, 1996, Vol.
9; p. 507-528.

17) G. Decher, Science, 277, 1232 (1997).

18) Y. Lvov, K. Ariga, L. Ichinose, T. Kunitake, J.
Am. Chem. Soc., 117, 6117 (1995).

19) J. H. Fendler, Chem. Mater., 8, 1616 (1996).

20) E. R. Kleinfeld, G. S. Ferguson, Science, 265,

“Templating,



370 (1994).

21) S. W. Keller, H.-N. Kim, T. E. Mallouk, J. Am.
Chem. Soc., 116, 8817 (1994).

22) T. Sasaki, Y. Ebina, M. Watanabe, G. Decher,
Chem. Commun., 2163 (2000).

23) T. Sasaki, Y. Ebina, T. Tanaka, M. Harada, M.

Watanabe, G. Decher, Chem. Mater., 13, 4661
(2001).

24) T. Sasaki, Y. Ebina, Y. Kitami, M. Watanabe, T.

Oikawa, J. Phys. Chem. B, 105, 6116 (2001).
25) T. Sasaki, Y. Ebina, K. Fukuda, T. Tanaka, M.
Harada, M. Watanabe, Chem. Mater. 14, 3524

(2002).
26) M. Klare, J. Scheen, K.Vogelsang, H.Jacobs,

14

J. A. Broekaert, Chemosphere, 41, 353
(2000).

27) S. Hirokoshi, N. Watanabe, M. Mukae, J.
Hidaka,

28) Z.-S. Wang, T. Sasaki, M. Muramatsu, Y.
Ebina, T. Tanaka, L. Z. Wang, M. Watanabe,
Chem. Mater. 15, 807 (2003).

29) L. Z. Wang, T. Sasaki, Y. Ebina, K. Kurashima,
M. Watanabe, Chem. Mater. 14, 4827 (2002).

30) F. Caruso, R. A. Caruso, H. Mghwald, Science
282, 1111 (1998).

31) F. Caruso, Adv. Mater. 13, 11 (2001).



BE3EE St

3.1 IZL®Iz
V7 MEBERISFEIC LR 7T Xk

At OSeAREHETE O B IERE(L & BT R AR

MR —F 7 A NS O 6 BRS 2H R
PEZONWT T A BT 5,

Dion-Jacobson Bl =A4 7 RER~_ 7T A H A
ML SRR T TR & IV U YA E
IZEVAKRBOREEZRTZ EBRMLNL TV
D, FAREAERIZ X Bk DL OFET R
SNT IR oTe, AFFETIE, SR O
AR FEO TRICE Y AEREOKIE SRR L
ERNDZ L, & DI HREB R T =
LA E VD Z LI X W kOEESfEE
EHTEBHILERNT 5,

BT U EA MR A ER 2 2
T 52 & EBEIR U, AR TIN5l
BEAS | AR OB T & o L EERIC, K
RO - AT L BBKEL BV IRLE
TAHIELREERBNT S,

3.2 BT A HA N OB & KSR
Dion-Jacobson Bl =747 REHR~ a7 X A
MK 3. 1 1R T L 512 Nb, A(Ca, Sr, Pb--),
OB T RAAA MEEDBE R L, BRICA
O 7 ANA MNEDOREREZFHIETZHICT
NAVEBAT UBEINZEREESE LT
Wb, ZOBRIOT VA Y E&BA A idska
Bif Ay L RZBFTRECTH Y IIKEA AV &
R LTSI A/TNINT =T A
FAT ko TR T R A BN BB FIEE
BETHB Y, Z® Dion—Jacobson BlE k21
TAIA MIERE & L TIeAERE Y Bz
Ve FRHENTEY HEFHEHLIC L 5Xa T
AHA BF T T— NIRRT B 2 R D
HYZXTHRENT 4 77 ay 7 & LTH

15

FEND, ZOX I RBEANSBIRT T XD
A4 NP/ — hoE#iEl & . FoEEEk )
J = N &AW AREEE o St Ee ki o

Fig. 3.1 Structure model of CsCa,Nb,0,,

THEET LT,
3.2.1 BA&EET /) — hoFER®

AR D X 5 I HEREE IR L &9 % BB B
THZEILEoTHELND T/ — MIFTHHR
BeEMmEOeLT s T a7 LTI
BIZARAMETHD, FOL, T/ — 2
DOHDOIAIEEE ST Z LICL>TEDL
RABERBRENT 4T Tay s & LTOFH
AL ces, 22T/ v—hEicBag
R A ERIRE SR 2 L ARAR, S v—
~ OREER (LA 1T o 72,

R T AHGA FJ— NI TPt o
THAL L7z HCa,Nb,0,,+ 1. 5H,0 (0. 6 g) Z/KER{L,
F R TFATE=7 5LF TBAOH &I
) KRR (150 om®) IZBRE S 8-C 1AM L <



BETH ZLiIcky, YUmKRE LTELNT-,
T DV IWVIRIRZ 23 Ly 7 ZABLO e BRE R
B LA A A HaK 150 cn® & A &/ —)L 30
em’ ZMZ ., £ ZIZA%E LTO. 1-3 wthDiEE
B2 5 X 91T HPtCl, Nz Tz, 7=
VEBRT (13 kPa) T Xe 5 27(500 W) T 30
SERFHLTT /= bbEICASEZRES L
Tre TDV VKR % 20-30 {5127 R LS
TFEMEETE A7) v M 1% s LT

Fig.3.2 TEM images of Ca,Nbs;O;y nano-
sheets with Pt loading of (a) 3 wt% and (b)
0.1 wt%.

Fig. 3.3 High-resolution TEM images of Pt
particles deposited with 3 wt% of Pt applied.

16

SHEIAEID TEM B2 1K 3. 2 1TRT, 3 wthé
0.1 wthDRESEHEE LIeXa T A hA M)
J Vv — bR T 5 L ASHRENSZ 3 wtkb
DRBITIEF /v—brLhicar b SR MR
IR DMRLF R TEN D0, AEHEFENDL
0. 1 wthDFEEHCIHESARRED TEM Tidfidls
FOFEIMER TERD o7, BEE 3 widhdD
T/ — b ORI T % EDX THMTT 5 & Pt
THDHIEPHRTE T,

ZDF 7 — b Lo BRI DR S iREE
TEM & (3 3.3) iX. bR nmPA XDk
FEEETHRH10m OFRiF+THDH Z L &R
Lz, TOMFHEIEML 0.2 m THhY ., A&
D 200 ¥FEICHE LTz, TORER. Z0FikE
IZ& Y HPtCl, #8TT LT, F/ ¥ — MIE#RE
BB 2/ TE A LR T Tz, —
7. 0.1 wihORESENEE LT/ — 1%
10 miFEOE—LRTEXRIETHEF /¥
— N EDIL—HTCHEDHFEEERTE—2
ZEEILI-, ZOALOY— 7 BHITX =488
DS fEEE TEM B2z LV . K 1-2 tm @

Fig. 34 High-resolution TEM image of a
Pt-loaded nanosheet (0.1 wt%). Arrows indicate
possible locations of Pt nanoparticles that show

slightly higher contrasts.
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Fig. 3.5 XRD patterns of (a) the starting
material of KCa,Nb3;Ojy and flocculated
products with (b) K" and (c) Na*
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Table 3.1 Elemental analysis results and BET surface areas of

aggregates and starting material.

ratio of element BET surface
KorNa Ca Nb area(m’gh)
ex-Ca,Nb;0, /K™ 0.95 20 30 27
ex-Ca,Nb;0;/Na" 0.87 20 30 29
KCa,Nb;Oy 1.0 20 30 3

K" in ex-Ca;Nb;O/K* means that the nanosheet was flocculated with K*
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Fig3.6 XRD patterns of restacked Pt-loaded
nanosheets with (a) K™ and (b) Na™.
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Fig.3.12 The time-dependency variation of
contact angles of o-CP on KGSO under

UV on and off conditions.
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tunnel axis. Ions in one of the two tunnels of the
MD cell are selected.
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Fig. 4.5 Discharge-charge curves of the cell, In-Li
/graphite with Li;PO,-Li,S-SiS, glass (a) and Lil-
Li,S-P,S;s (b) as electrolyte. The right vertical axis
is the potential of working electrode vs. Li/Li"
calculated by adding the potential of the counter

electrode (0.62 V vs. Li/Li") to the cell voltage.
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