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RIS INZIE Lz,

O 7797 AE R LI A7 YA NV ZA LB (B RIBE R L O — T o) 528 T F 0 T /F=2—7H
HNNETF I — e ES 22 LT LT, FRICHE RPECTERE - A X% BAFICHIE CEIoR=A T )Y Mt &
W=FZ BT N Mz 2 —7 > MAERE U TR LT,

@ RN=FTWHIT DG OVERIL 2B =47 ) F 2— 7 Ol oW B R A S L 722 25, b DK
EalZ e B BCENGORED A B LT, Zhud, RITFEOHE KB KERER THHEB LT,

@ EBIT, ZOF ) F a—T ZAE L T FRBOR B MoV K & 2 i 5 B SRR - R L 7L 2 A, ZnHD 7 /3 A
AEL T CED ATREMED RIBE AT,

ARG TR T DMV 22 VAR 7t AT, D7 o AT R TERE RS UL, BB B VERL 5
LTW%, 3 FMOWFFEBIR 7 07T M XD | BREHEREA L U TG I ReZ il 7 22 L 2RIl CE | B E~D
B BEEEA I UTz, S %0%, (82 OBREEHEEET A RS RICRH LTz, PEZEARICMITT2BRRE 7 0T A (i b - &
{b728) HHELED 5,

1. [EL®IC VX —HEE BREEAE (5% WEOREM B DT
Bl CiE, BBV O STERN —RICHIAIRBL T AREEDE OB EIOBIZ X, MBI OS2

WD, T, ZV—r =R EWEICE TS REERECHITONS, AREETIIINLEHDY
M, F R FICT5, WTNOWENRENSZES T “BREIFERRM B LIRS, HIERERBECGRFN (HiEk o H4)
L7220 HACDBADEHETH D, D728, 21 AT SH]  T2bDIKVEZERGE . AWML O BRR TOARE
FuEgEHilEb Wb iD, 4% 30 FEE DI DT IHEENCFESRERBE,

B IHIERERBE I > TE OO THE THY, keIt 4 WA, BetinT A AD I EA L s PERE ko B

HEEEOH IS0, BRI, BriPRe= % TELWERICED RO A X E 18872 & % il
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HT OB RN ETETEEIIR>TND, TOREK
LU T, AR IR TWDF R F, — Kot
MBIOF 2 —T R4 A — BT IR ITTH RO
TSNS O, G TlE, GaN il Sk OO BRFE A
EREZED TS, ZNHOMEHT, T ORI IFRE
IRIFLC, SES R B EE R 2 e b
TWD, LI > T, ZORMEZ R RIRIZS I E 372012
X, TR, FAXH DR S e & AR I 52
ENREDO TEETHD, IRTIAEHD SR BRI 2 Al
BT D7 OICh, FRROIORMEREREHI RS ZENTE
AN

HEEH DO N —71%, “BIENSD A~ —FT ¢
AH—DAIEK CERL 18 HE)” & “BHNbD A= —k7Y
2B VORI E B BN CERE 19 4RJE) 7 LWOHFSE
B CE M OBFIEB RIS BRIRS IV, HFZERRIT 6
OWFFERRSC CRENLSE 2 18, B b2 1, AAYL
A FRBIOIRIC 2 M, A2/ 7772 —5F: 57 14)
LLTHE LI, ZNUHDOWEIL, VA AT —L WO TERE
HIBEIL - R REME RS S A B DA ARFFEICIZ L D,
—KIT, ZIRTEH DL ZIRTE CIERERIEEI L 7-HEREMERE
il OO B R0 AU O B BEFEREA BHREIE O il Rp 1 <0
BINP AR E) OFHIC B D58 CTh D, i E 2
FEB OB RRAFZEIC T BERENVERS S B RIS BE 32 2L
ALY | BREEFSEEAM B, RGBS B L
TOIFADYHEE DT Tz, HEEHPRET 5 #HO5E
D& BT, BHEZRE ORI T Z > 7 205 i

W7V AL (i) 2RI L BRBEAEEEM B L TIS L,

FHBIRSE X THZETHD, £2T, R 3 FHERD
K 20 R (RAEEE) OWFFEBIE Tl BRESHERER KL
LTI 2720 DSt fib i dh o0 ek & BRI %
SR 2 T R RTA - SRR R A DL N IZERIR 35 HARICL
e3> TEATLIZ,

DITUOIT, BRI AE R B, BB EZ
DRERIEREDILA WY, FRIC, =4 T BRI (=4 T B VY
L) LT H R (FH T RID L) & B MRS L,
ENHOHME (T /73— ) /T 2—T 72 8) ITH
AT, ZIVSDAL AT TR 18 HEEE - 19 4 FE O SF R T
ICTHERTETEY, M bIc LR Kig7em L4
BHrEL7z,

2) DT, BRI A Rtk & AR BER 2 A B

DWFE LRI IOFEM L7, 3RS SR2 ERE 1) Ofk
B UC T 4 — Ry 7528 C, KHEFEDO M LIz
Loz,

3)EBHIT, AR B K E B bE HRE LT
BREEHERE T A AZEIEL . AR AT ARl
L7,

2. ARAE

= TRV DT H T N LS D E AT
HEETLRKRTHD, REFETIEL, THLOEKTF
JIEZ LL T IS FE T2,

(1) FTEDEIEG TIRA LTI E WA 25~30 g 224 7 30
em® D AELOIFICHIL, 5722 L CERIFICANT,
#145 °C-h OFEE T 700~1,100°C ETHIEAL , DI
T 10 h PRFFLIZ,

Q) IREHIEHZ 12T 280 5~200 °C-h™ DEEBEE
BHDHUNEZERT (> 9,000 °C-h) K7k #r (> 120,000 °C-h) 72
EDOWRERIE T 00T LTI ER TERVGHIEE TX
RAHEE WAL, 205G K fhpR OBRE) /) 139
EOHHAN LW E D E L THD, £z, 1,100°C T
DIRFFREZSDICHER L, AL 7 T o0 AD FKHE % Bk
BN LIS R AT,

B)BHBDNNTAEFEE ., D OIFEIRAKTITIRLT, 7R
FT 5797 AR RRREL . AR UM B2 R L
77

WA, BRI EEL D=4 T BRIV LT Z Tk
U LEERD BRI, JBRIBER e — L7 7o E DALY
B EFES T 28T, T /T 2a—T7 0 /o —hDfE
AR Tz, T/ Fa—TEROET NVIE K 1ITRT,
72& 213 KuNbgOy; fti D56 | fiidm 4.5 ¢ 2 1 M HCL %
% (183 mL) (TR, 24 FEEMEFREL | 1580y i - HEpR L 72
%, b MR (H /KNGO fifidi, X 1b) ZAFRL 7=,
WU, ZO 7 e b 2R (H/KNbgO 7 i) 2.0 g % 0.5
M 7T F LT =Y LEREF TR (TBA'OH) K
%324 mLIZINZ ., 24 el fFR L T2, ZDEE | TBA™ A4
VN HYKNbO; Ff DB RN A Z— L — a8
PAERBHIBEL | T/ > — b eEanA REFIERN AL
72 (K 1e/d) , T, TR A= OITBEL . BB AR (B
HENbOy; T/ —MaeETe) 12 1 M HCE R Z 18 el &0
Z72 HCl Z#MZ 52T, F /o — MR EM DT A%
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(a) Precursor crystal
Layered K,Nb,O,, crystals were grown
from a KC1 flux.

—NbgO17— layer

(c) Intercalation

TBA" cations were intercalated into
the interlayers.

TBA"

(e) Roll-up
Nanosheets were rolled up
into nanotubes spontaneously.

>

o

TBA OH"

(b) Ion-exchange

K* in K,NbgO;; were replaced
by H* (or H; O*).

(d) Nanosheet

Intercalated crystals were exfoliated
into some nanosheets.

~Roo
-~

(f) Nb, O nanotube

Highly crystalline Nb; Os nanotubes were
successfully fabricated by the two-step process.

N

1. F/Fa2—7{ERlEeT L

L, =Ty 7L TFa—T %KL (K 1e/f), T/
Fa—TVRERER Lo TURE T D720 | TR % i O
STBEL ., E D% K THG - BT 228 T Nb,Os T
JFa2—T %57,

T A AU T e fik RS & A B AR FE - AR

(SEM) BILONE IR E - IAMEL (TEM) &2 IV CTEIEL .

FEEARA R X RREIHT (XRD) HEIZIDIRELT, $7=,
TR HO X R AT EE (EDS) & VT i
HERT R AR LT, SHIZ, TNHO WA EE BT
HEWED—FEThHN 7aaxF L (TCE) DA R
XD L7, RFM 5 IEIX LA F OB Th o,
VERIL7=)/F 2—7'L TCE (KK, 4.0 cm®) 2495
AT AT, S (200 W KERFE /T, B
— 7R 254 nm) ZWRE L7z, —ERFE T L2 FTIR AR
ZMVERIEL, TCE DYt ffaf Al & L7z, Bfdric
SR AL (F )T = —7) B NIEEERICH WV AR

BB A LU R O FIECTIERIL , £ 0B EZ T
fliL 7z,

() F/F2—T = OIERL : ZE/7K 5.0 mL |2V
TF L7 Ya—)L(PEG, 471 &#20,000) % 1.5 g iAfiFL .
BN — AN PRI T, 2202, HENELEA TR 72
FIFa—TEMA BN TR 10 BERHBEEL, /T =
— T =R,

(2) JETEMEBMBOVERL : FTO BT A S =2 ) — &
ARRK TR VRS . WL 71 L FEAR O T A A
YT T =T TREEL, AR —VIETN— AN AR
L7z, BAite37<, 100°C THRL . £ D% B XU TNEL
U7z OISR 30 °Coh, PREFREE 500°C, PRAFIFR]
1.5 h), MEE T 1%, RN CEIRETHMH L7z, B
HY U7 FE A 2K B K CHEHL . 100°C CHZBRL T,

(3) JEIEME B A FE RS  (ERLTOBEEERO G
FHYEITIE, NT19 58 LT =D L%, 535bis-TBA) % H
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Wiz, 7=V 50 mL & t-7 4 ) —/L 50 mL OIRAVE
HRIZNT19 % 0.04 g BN, VT =0 MO IR Z TR
720 100°C DHZIEEENGEY U7 I M A SRV
TRIZHEYE L C 24 BERRIEL 72, 2Dk, BAREHOHIL,
T2 h=RL IR BRI L, B HERE A (R T,

(4) C BRI RCR IS AR M O VRS | FEEBRFE DR - HTE

PEEMBO SR FHfRZ BT D70, BRIEAH]-> T,

5 x5 mm &L7c, SHRIZIT A4S (ES 100 nm) 22845 L7-
PYITO/ARY =F L o7 XL — N % | BRIRIZIT 0.3
M ST T LEE T T B h=NVIRIR (37 37 R B R
R %, B VEIE AR =Y —iF AT (B~ ¢
JV 2, 130°C+30 sec) & FV Tz, RHIR A EMORE
FptE% | AU FIE 2 (HZ-5000) B LY —F7—v
2L — % (PEC-111) Z W T, Bl KBRS T
(AM1.5) THIEL T,

3. ARBEREEBR

PFEHEFE 800~1,000°C (2B T, KCl 7T 7 A5l
TEICEY | EEAFEIH D K NbeOy; fiti il 23 B —AH TARL
7oo Mt eml XU AR Z AL | IREFRE DR T EEB 1T,
fE A XD NS D D b Te, Fo, RERFSE
pa D B2, KO/NSAe kb a5 T ok b Bl s,
BRLIZAEROBH AR XRD /34— 50, KNbO,; fifi it
ThHEFE LT, £, REREE 700°C TlE, KyNbgOy;
FEbEEBIZRIED EL THAO/SLZR KNDO; ffiihnh
AR LTz, EHIT, PREFREZ 800°C LL ., mAHELEEE % 300
°C-h! HHVNIIKIEELIZEZ A KNGO, il it AN HE—FH
THRUTZ, ARG f XA THY , £DIZEAE R
1x1 um L FTH-7=, B 212, 300 °Ch!' HHNIAKEE
LT AE RO — Bz R, 72120, BRSGME kL
T, B AR THLE A nm LU FE /ML TERn
277,

KCl 77y 7 AR LT KNbO,; flifhis L EnH0
JE R+ — LT SR I ERIL 7S ) F 2 —T
IR, 7T I AE R LIARCIR KNbO,; (1X] 3a) 13,
Tabr A3 (B 3b) bIEREIT A L Led o Tz, fEdhD
SEHIHA ZTE ., #9700 %400 x 90 nm T D, 7TV 7 AB K
%O BB BT Y A RO T ) F a—T E R
#CX7= (K 3c), FT=2—T7 AR, £3KI250 nm, EEE
#20nm ThoTe, FoT<T 2—T NENIINHAE

3. K4Nb6017 %%&7ODI\V&<@'E%”%EQLELTC%
et ) Fa—7

N0, BRSGIFICEY TV T Vet ) Fa—T
DOIEEEE WRETH S (X 3d-f; %5 :KCI-KNO; 7T 7 A,

IR BERL) . B 412, AR LT= KuNbOy; filidh, 7' b 28
R (H /K NbgOy; fiidh) BE O/ F2—7 D XRD /¥
— VR, TR AR TIE, KNbsO,; D ICDD PDF
([ZHTVY XRD 735 —2 ZHERFL CTOD8, [BITRRO T 7 b
TR AL D R ST (K 4b) , KT 37 m b AR S
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B 5. F/F=2—7 D EDS A7 ML

7elosh | JERIHEERD | RGN TR LT Te o &5
25, K dc 1 ZAERK LT=F /F2—7 D XRD "F—2Th
LN, B OT 7B E LT ETINOER T
Nb,Os ERIELT=, KiNbgO,; filifhd LY Nb,Os F/F =
—7 D EDS AU MVE B 5 1R T, 7 /T a—T
VT DG NI EDS EDS b M8 S 7=,
ZZT KyNbOy; (B EE) BEL TN Nb,Os (£ 5 i) O
ant#iEZ X 6 (27597, NbyOs 1L KyNbsOy; L[RIERD a-c
BT —NCHERSND RIS TH D, FFlZ. a
il 7 B AT ha s (B4 6 B ITIEE 328, B
DK AL wEREFTHIET, KNbgO,77°5 NbyOs ~E4H
FAETEDLIER DD, BT BN 8 1%, (ERILI=F /5
2—7 D TEM 8 Th5, X 7a KV, F/F 2—7 limiL
BAWTERD, BT FELRWIERN LD, £z, [BIfTER X 8. F/F=—7 D TEM

7. F)F2—7 O TEM # (221K)
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(X 7b) bty F/F 22— % Nb,Os E[RIELTZ, X 8b 1,
8a DF = —T7 el DAL - Bl F —Th
5o X 8b L0, Fa—T1IH MG EE LD DT,
X 9a i, <010> H A5 A& i Nb,Os D 1-El51
Thb, F=, X 9b IFFHREICE>TRDHTZ {010} HOE
TR =T D, K 9b 1ZXK Tb &—ET D, K 9¢
% ¥ 9a 1T T D88 TR ORI TH D, X 9¢ L[X
8b 1D, Fa—T DMEH I 201>, Fa—7 OBEHE
% {102}, Fa—7 24T 5F /> —MaEIX {010} TH
HZENR DT, B101E, T/ F 2 —T7 SelmDOPE RIS 1
% (a) L2 D7 —V =% (b) ThHD, X 10b THIZS N
HHARHEIDG, T/ F 2—T OO AMIEE B TED,
DT, ALBRRTZ CORE L T/ F 2 —T7 OWEZFEARL
7oo B 11 12 B OWMAE SRR Z T, BOR KiNbgO,;
fEim e e JERIL 72 Nb,Os F/F =—7 @D BET #Hifd
B LR (K 5 25 222 m/g) . 2D EHIS, F/F
2 — 7 IZ L DR EREOHKRIT, KD S M B
(BDNTIERIIEAFL 2 L) LU TR 2812, &b T
HRNAMEL LTSNS,

B 12 |2, KCl 7T 97 ANBERKLTZ KNbsOy, fili il 33
L Nb)O5 T/ F 2 —7 ORI ART VAR T, U
FHHILERH TR 365 nm THY, XU RX vy 713K 3.4
eV Tholz, JEBIH AT MV OWIN DS E30IC
bR BIESNI,

B AL72 KNbO,; fi i DUNIIERLIL 72 Nb,Os T/ T
2—7'L TCE (GUE) &4 A /T E AL, 4848 6% B4t
LT TCE ZWHRLT-, £l-, —EREZ LI AL D

500

(@)

——ADS
—=—DES

& ger=3.14 m2g!

100 @

0 Aki A AL AW WA\ W - |
0 0.25 0.5 0.75 1

p/p,

—
=
W21
g

X 10. F/F 2—T RO IERE R LT — ) A g

500

- ADS
(b)
400
EN)
B 300
% a ger = 221.98 m2g!
S 2 |
>m

g

0 0.25 0.5 0.75 1

PR

X 11. ZFOWPAESERR  (a) Bk KiNbO,; f&fh, (b)Nb,Os T /F=2—7

- 156 -



FTIR A~V ZHIE L, TCE D4y ez i L7 (K
13) , ERIL 72 NbOs F/F 2— 713 BE T T
TCE #43f#L ., CO,, CO IBLNHCI 22 E AR LTz, ZD
FERND, FERILTZ Nb,Os T/ F 2— 7 D3 il i 21
DZENRE ST, 72, Nb,Os T/ F =2—71F, D
K NbsO; filifib& bt C JOEIRFE T TCE 20 fif C&7-,
F I F a— T o Te RERE O LY | Sefibiigs
MR ELTZed EEZ LD,

EBIZ, NbyOs T/ F =—7 % VT B R Eith
YRR | ZOBEMPFRE OLBEEHFR L) ZFHm LI,
14 12, NbyOs F/F 2—7 % IV eiE i e (0 35
RN =R R I (=5 A DY b v (R e = e v A M
oY (X 14a) , BRAFRRWEFrEE R LT (K 14b), T
JF a2 —T LR SV A X% KGN TE 2728
HED KNbO,; flehDEE LA BN B A5

(a)

Absorbance (arb.units)

(b)
300 400 500 600 700 800
Wavelength / nm

X12. J@kAks (@) &F 2 F 2—7 (b) DYLE & A~
%

(a) (b)

1 INTRODUCTION

subj:
con:
DS¢

(phc
phot sctrode

PER KR ELA ELTZ, B 15 (2, ZO3EETEEMmE VT
VERLL 7= 6 R ER M BB O R B ARFME (1-V Bl 27,
Nb,O5 F/F =2—7 % - KBGO Y B =X,
1.3 % ThoTz, BIRAIT, HED KNbO,; il i< TiO,
(P25) & FHW- K s oD S BB S A 31T 2
0.7 %&#) 1.7 % T o7, NbyOs T/ F =—7 KI5ED
Voo & FF I3, TiO, KIGEMIDS REND, I IR ARL
LRI ThoTo, HARDFENROM RITIT,
Joe TEDSENLETHDH, NbyOs T/ F = —7 Bz
B LT-L2 A, F/F a— 7 [l L0l IC %y ”
DI AR CE e olz, ZOFy 7 DGO HEDS
TiO, JEIHMEBMEDREIRENTHD, o, T /T =2—
T EMOBEEITK 8 um THY | W E Feil &\ DD IEE
D53 LU FCTh-olz, 5 NbOs T/ T =—7 KI5EH
DRz LT 5720121, Fa—T7 HORyF 7L

co,
Z|(e) , HCI Cco
=
=
@
3
g1
=
Q
é (b)
TCE
TCE
0 I |3
3000 2500 2000 1500 1000 500

Wavenumber / cmr!

13. F/F 2—T L BTCENA RO UV It Ha 5T B ]
&AM, [UVERR SRR : (a) 0 min, (b) 2 min, (c) 4 min,
(d) 6 min, (e) 10 min]

(c)

semiconductor film  depositeq
transparent substrate. A dye se

B 14. F/F a—7 %M U7 AR R RO
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JEDHRINF—U —RNE72%, &I, KELT AT A
(FRE) ~DIGAED S, SES Fha=F T BT ¥
VIRYETe E O EABR EEREA AL (K16) . = Ok
B AR CERIL e =4 T BRI T & L IR E S Sl
PEFRDTEMEFNZIT W A5 M REA S D ZE D3RR

ST, BRETRER BRI, MR KT 2720,

A A BRI T D 2L CS ES EKBRBITG U T2
HKBEIRETED, 4tk HRDWAMERED M LR
I D 3@ AR PERE - MEk O L e ME7e & DRl 218 E T, i
K G S R e i b0 ZEDSERE T D,

] o2 o4 113
o iV

X 15. X 14c O KBFEMD 1V fhij

e R

100

IRROBEERSIERITGREFEZETI.
BREICSH). HRNTREHEETT.

4. FEO

KAFFETIE, BIEZ IO LT ABREEAMO/NS/A
W7 Z o7 ZaE SES LA BED il 7V 2
HANEBRT DRI LT, =4 T B E T2 Rt
FhEEmOG A AR LR AL RIS 528 T, T
JV—h, FIFa—T T Sk T EERCE T, BRI,
K NbgO,; f /N SAERL 72 NbOs -/ F 22— 7 &3l
L . EDREAD =K D B2 T2, AHF7E THERLL
72 Nb,Os T /F =2—7 1%, LD THEIME T, Hx DF =
— TR Y A XY —ThoTz, ZNHiX, T/ F2—
TREOBIERREL T, 7Ty 7 AB KR LI hE AL
T el by, 7/ Fa—T T AL T, RiEfEx
HRTEHIE, HOWITFFRRICI0 2T\ ET&
DHTEBREDIIFEND, BN AFRIL7ZND,Os T/ F
2 — 7 O FHEKSEM SV K ER ~D IR HZ R
FNSOBHSEFRELZ I LT, T O E, KB
BRI E OB MFHESCR L DT ORI
WA R E % F /T 2— TR Z DO RE - A X
HIEIC XA L TEDZ LN DT, ARFZETIE, Lk
D DD BREEFEREMEE (2 8 EORBS i &V K #5) &
LCOIGHDAIEEM:E UL, 2N o0 5E B R EE
i T&T, A%IT, AT VRSV 26 A LTt 3R 4
K B FE MO K SR O B b A RBL T BT 012, Hefil
WLV 25D e b Ak 5,

=Pb

ZIn Pb Cu Pb ZIn Pb

1 LRI

01 -

d J
oo -

= Al
= Mn
| WmCu
u Fe
=Cr

In

K,Nbso,;, K, NbgO,, K,Nbso;, Fax ‘/EE Na,,ﬁao., Mooz/
ASNO;  ASNO,+ UV FER b-1.4-
1A TR

B 16. SESFRREMICIDESBIRENERE
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Summary

The fabrication of one-dimensional (1D; e.g. tubes, fibers, rods and whiskers), two-dimensional (e.g., sheets
and plates) and three-dimensional (e.g., bulks and porous structures) materials appropriate for a wide variety of
leading edge technologies has recently been of great interest. In particular, 1D nanomaterials exhibit the unique
physical and chemical properties correlated with the 1D structural confinements in the nanoscale. Our research
motivation is to produce highly efficient materials for use as photocatalysts for degradation of toxic substances and
for decomposition of pure water, or photoactive electrodes in dye-sensitized solar cells (DSSCs). We recently
reported on the growth of smart whiskers from a NaCl flux (H19) and the growth of smart crystals from a NaCl
flux and their application (H20). Herein, we report on the fabrication of photocatalytic crystals from a NaCl flux
and their application for environmental functional materials.

First, a variety of nanometer-sized crystals (particles, tubes and sheets) were successfully fabricated by the
chemical treatment (exfoliation and roll-up). KyNbsO;; and Na,Ti;O; crystals were selected as the target
compounds because their crystallinity, structures and sizes were easily controlled by flux growth conditions.
Next, the photocatalytic propertiy of Nb,Os nanotubes synthesized from the flux-grown K4;NbsO,; crystals was
studied by an organic gas degradation under ultraviolet light irradiation. The photodegradation occurred mainly
via the photocatalytic process and the photocatalytic activity of the nanotubes was much higher than that of the
flux-grown K4NbeO;; crystals. The surface area of the nanotubes, which is very important for photocatalytic
property, was greatly increased by their morphology transformation. Finally, the Nb,Os nanotubes were

successfully employed as a photoactive electrode material in DSSCs.
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