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0.01 TiZ, TNOOO1)TE &% 3 % LI DUV TDHRE 3] L
FARIZAROMEIR T B BB FIC LB RN D KA BRI Sh
oo Elo, £ DRINE RITBHE B K FEMA R L, BB



B IZLDNRIUIT TR~ R

Nqe
[ =
b
ewmf,pt

TSN D, ZZTUN, IIBFBE. ¢ 1IBTDOER.
eNIHFHFEETHD, KFEWME TIIHOBERICHTS
BEETORELBN TN, a, OREKFHIRE
HDET m o D5 R A O LTS S5,

#ZC, Drude 7 V& AV Tm' o DIERAREENT R A
Too m'oy CERELRSM ¢ 28T A— 2L L, BENECOSER
HHAEDOFHEER LT NVERNT, BREBLUORIE
ARITMCK U TRAN R T 4T 4 T EATo72(K 5), 22
T, Neid Hall IRBIEHSLRD, el ICHRE[4)E AV, 5
WA T DFEER . WTROEBIZBOTHFRAAI MLk
Drude =7 /&R W—B&RLIZ,

€Y

E // [100]

b L]
¥ E 1 [100]

AstE =0° z

X
3. BRAFAARIMLATE DR

Reflectance / Transmittance (-)
|
=

Reflectance / Transmittance (-)

3 4 &

1000 2000 3000 4000 5000 6000

Wavelength (nm)

4. (@)Ti0x(012)d5 KU (D)NboosTioas02(012) TE A F- S v LR ED
FAFRNEBE(L)ERFE(T)RRIML, ROZEBHEF
BIDOBRERETRT,

Wavelength (um)

65 4 3 2 1
ﬂa TTT T 71 T T
- — E I/ [100] (Drude)
3 06F — E 1L[100](Drude)
g, e E //[100] (exp.)
= « E 1L [100] (exp.)
E 04F 4
w
[ =
B p2p
b_
0.0

Reflectance (-)

0.0

4000 6000 8000 10000
Wavenumber (cm)
5. NboosTioesO2(012) TEAF L v L HBED|RA RN ARIML

(RLEN& Drude EFILIZK BTy T1 5 (RE)

2000

TAYT AV TIZEORD T m’ o DIRHARTENZE] 6a 127
T KBFHH TNO[100)IE FAT IR EMETIE m'gy 4 = 0.5 ~
0.7my &£720 . TNO(001) b v M RMITIE—F LT, — 5,
HEBH 100N FEERR T m o, L = 0.8~ 1.3m, EHS
PR ARB RbNiz, 22T, TNO DS EDdHtt4 %
B55L, 3 ORFEE CRASNAEERET Y ML

m™t 0 0
m~'=RO| 0 my' o0 |RO? 2
0 0 m!
1 0 0
R(®) = (0 cos@ —sina) 3
0 sind cos@

WKEo T BREERIERTDHIENTES, 12771, m'(,p,, ®

M op, <V TNO O a #1331 T8 ¢ B SEAT 2 MICEITHE S

HETHY, 013 c HEEBHERD 2T (= 51.59TH5, 2).
CVRDDm oy s’ opn R ET DL m .0 = 0.5m (x=0.01)

~ 0.7my (x = 0.06) m" o, o = 2.0mq (x=0.01) ~ 4 9my (x = 0.06)&

720 NbiBE DRI > THBR TP REARBIEND

HroTz(1X] 6b),

3. ERRUSHROEE

TNO(012) =t & % 3 v VB ED R A AT A& HIE
L.Drude EF /L THITLIZ, ZDFER. TNO DOHFRIED
HEm S ¢ BIZTATRF I TIE a BUSEATARF D 4-7
BRRE RENZEEALNIC U, 2O RILBHEEELL
TORGRIZIE ¢ #hEdH TNO BERF R THALEETRL T,
Thebb, T —MNEREE AW E MHEEIC LY B
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TNO HEDYERER A L CEXALHARFEND, m oy DR ERFE (&3]

R FHEOREIERCZ D Nb BEKRFEHIC W TOIERERS 1. Y. Furubayashi, T. Hitosugi, Y. Yamamoto, K. Inaba, G.

PTHD, Kinoda, Y. Hirose, T. Shimada, T. Hasegawa, App. Phys. Lett.,
86, 252101 (2005) .

1.4 I ] 2. R. I Kennedy, P. A. Stampe, J. Cryst. Growth, 252, 333
120 (@) - (2003).
1 D: ' 3. Y. Furubayashi, N. Yamada, Y. Hirose, Y. Yamamoto, M.
" o ] Ohtani, T. Hitosugi, T. Shimada, T. Hasegawa, J. App. Phys.,
s 08 : 101, 093705 (2007).
‘._ 0.6l z " - 4.N. Hosaka, T. Sekiya, C. Satoko, S. Kurita, J. Phys. Soc. Jpn.,
= R 66, 877 (1997).
04 o E//[100]
ol = E 1[100]
“ A (001) film
0.0 -
0 1 2 3 4 5 5]
Mb at. %
5.0; (b) [ ]
4 Di o m,
’ [ m*c
E 3|:| L 4
E 20t =
1.0}
i Y e [ ]
0.0 -
0 1 2 3 4 5 5]
Mb at. %
6. (a)TNO(C12)BED m*on DIRAKFHELU(D)TNO O m*opn
ORBRAN
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EuTiO; DT ESF o v IILEE

1. RBUHEC TRCBW

WA, EuTios 3REME & FEWEICEE LU THRIREWVLY
HERREI N, AFEICEALIEE > TWAHETH S, £
OYEIL SITO; ZHBERELTEADEEBRBL DTN,
EuTiO; 13 SITiO; ERBEDII HFER T T A h A Mg
(ABO)%A &V, BUYT MO TiNELSH 4 liREs s
M5, BRH - FEODEICEEIIEMENR NS,
HEORTFERIIZ L <(a=0.3905nm). La*>*%& AH1 k
BRI EGBEBERTADEBTHS, KESHI
553 AV bO B WHBREAEL EETHIET
5, BuTiOz i3, *—JVBE 5.3 K O G BERBMEARTH
0, F¥ U7 R—EVICL0mENERERT I &0
S5NTWB[1]. Fiz, BiEEFEMEDOH Y T 2T b
HINTHOR) TovEcRBFEEN2,

COMEIZERA NV AZMAS & IIVF 7o
v 7PN FEIT S Z LAY 2006 EICHEBTFRIE N3]
TNF T O 7t &, etk LB EES Y T
UL TWARETHO, BEHIMPLEEEINICL D, 3
BECHAEREHETEZENTE, HFITNA ANDE
B I N TS, BEOSHE. ERES&EORRIC
LOA ML AHBENESTHSH, EuTio;, TEYF T+
NEBOREFIIIERIC DL BHIEBAZDATHS
[4,5]. BELEEERNEES2->THBY, NIV TH
HINTOZREBEBER. WESEBETREZIhTW
WORBEBRTH D, €I T, BREREBEZERL. LE
YFI v VEROBTFERZ2ELSELIEIZLD
EuTiO; ICA L AZMA. INF 717 AP0 E
AP/ EIND, TOE—HE LT, FHFETIE EuTio;
BETEYFI v I BEOREREORN Z2To7-,

2. ERESBCEUT
BREBBEERICBNT, BIZER LTINS RS
WZERZDOH B,
1) BEEXBOKIE
SEES>TWAIIF T 01 7 AW T3, #
BERE 2o TWAZENBETH S, EuTiO; iKKEH
REPWBAINDEFv UTEFNERL . BENE
HLTLED, TIT BERBEZROITIENE
BETHY. BLBEEK T TORBENLETH D, 20O
BERBEIZDOWTIE. B4 BLUOBTERER
ETHIEIZLD, #BETHIENTES,
2) RHEED ZAW:LAY—N1 LAYV —H&
LAY —NA LAY —HEOERIERE#E
ERICKELSFE TS, XAF v T&T T AN AFM B

ZRER, MR E

BTEHEK 1T, RHEED(RH EE B AR EIT)IRE)
EEZILBNS BT OHBEL T FEEAN
5L, BEBBEEBENEHRTES,

LlEEES, AHFETIE. EuTi0, %25 —% v MNEE
ELTHREET>77. ZOF¥—4 v M3, Eu. Ti Bigx
L. BT 550023748, EuTio; £ 0 HE1L
FUHTRBL TWAZ &5, THIZED., Fvy o N—
WEATLIBRERE DT DI LHNTE. RHEED KRE
EEHELREBSLLA VNI LA VP—REETH > EMN
nJREE LB,

PEORIZEBETSHZEIZLD, BEE EuTio; T
EYFT v LEBEOREIZRILZO T, KBICTHRET
%,

3. EHRBFE

PNV L —H—HEF(PLD)KRIZ & U SrTiOy(100)E: M LIz
EuTiO; MBE#REI /2, KF ZF L —H—(EE
248nm)% Fi, BEEE(Poy, 10° - 108 Torr) 2 /85 A—4
LU THRERGORHEI > /2. ERBEIT650°C. L—
H—7 ) —T 2 Ad 300 ml/em?, #YVELUEEK%E 5 Hz
WWEEL. BEOEAIBBLZI0mm THoiz, ¥—
7w b & LT Ew0; & TiO, % 1400°C THERE L7~ Eu,Ti,0,
LREGRBREAERA W, BIRELTRAT Y 7&FT 7 ARG
NEETES SITIO(100)ER %= H (6], T DR EHLE
Fx N—IZE AR, 900°C T 30 HHELE7 =)L L7~
DI ZST > /2, BALEIEIZIX Quantum Design %t

e ey

SITiO, (100}
SiTiO, (200)
SrTi0, (300}
400)
rTi0, (400)]

EUTIO; (200)

3
[}
=
S
m»

EuTiO, (300)

Intensity (arb.unit)

20 40 60 80 100
26 (degree)

3048 substrate
302 3

3.00
2.98F film
2.96F

2.94+-

(b) H

& 1.(a) EuTiOs IR D X IREFNE—2 . BEEBRABShTL
3. (b) GO-NNEDERFIVEL IR,
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MPMS % F\, BB ISEREICETICEImL 72,

3. BHRLEZ®

X 1(a)iZ Po,= 1x107 Torr. ZARRE 650°C D&M TH
57z BuTiO; D X BEF/NFY— 2 &2RT, BHOD
EuTiO; #ENE LN, R—I 74 FaT7RENS. TE
FE v @B TS EEMHER L, Po=1x107
Torr ICHBWTHRELZRBHZDWTHRERICEMEIE S
Fv VREEERL. LML, Po,=1x10" Torr TIXT
ENT 7 AT, Po,=1x10° Torr Tl B D EuTi0,
[Tk L 7=,

B 1o)ic@-fiE0#EEFI v ETERT
(Po;=1x10"" Torr), Z#E 0. SrTiO; LIZ EuTiOs 334K &
Ab—L > MaREEL TWAZ ERbM3E, /2. cil
HRINBAE TR TNE 2 &G, BERBINEA X
NTWBZ EMbMh5, ULHL. c@ilifE0.395 nm)iTiBEd
WEBIEDNIWETH S ZEMS BERENL DD
W EELZ N TEREHRTESD,

MR BT IC I35/ RHEED IR 2 B3 2 2 &8
TE(E 2@). LA VY—NTLAVY—RET S EIZKRY
Lize E£7-, AFM 88XI0D. A7 v T7&T 5 AENE
Z2N(HE 2b). EREBERENEELEZZENS, K
MMM ORBNRHFETE S,

B 3(a) iR LR DR EKRFEER T, EINREE % 0.01 T
ELZEXITE. 37 KFHRICHR TR I, R
BHZBW TR U D TREREOBRIZRI L, *—ILR
I3 TKAHETH O, ZOMITINILY D EuTio; THE X
NTNBF—)VBE 55 K LD HEVEREEL-> TN,
IRNUTiL, EEFOBREXRIENSES L TWA RS 5,

FIRES 2 0.1 TICHEMEE2 &, 10K fHEM S #MLiX
SDEITHEML ., BEENRELBLPERER I NZ(K 33A).
BEALDENIREFZAR ALK 3(b)) D2 5 . 3K IZB1T % fIFIREA L
35 wEuEFERBEL SN )NIVY T3 7 w/Bu B
HEINTBD, THITIEE T RS20, BEfRl DX
TUANEE SN, mEERKEERIT ZENbho 7,

Intensity (arb.unit)

(a

~—

(b)

2. (a) EuTiOs RBE+ ) RHEED R, (b) BRXE
D AFM R BB AT Y SERTTARBBNIBRTES,
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(b) Magnetic Field (T)

B 3. (a) EuTiO: MR OBt DR EEKEH(EDMBBE 01 T &
001 T)e SITIO:EROBSEMEL TLAL, (b) EuTiOs
BEOBMLOBSEENE, £L550F—FERURREE
CEETHD, BROVRIBEEZATHD,

5 FLHLESEBORE

ARFITHBNT, BRSNS BuTio; TES
FIOAINEEEZICDTRETSHIEITRIL =,
Eu,Ti,0; ¥ —4 ) R EFH T2 Z EICL D ENNERD
JE# EVF. RHEED B#HZHELODOL 1 Y—N1L1¥V
—HREEEBR Lz, TORKE, BERENDILVWEEEE
BWIBZEIZRL T,

S, BRa 2 ER EIC EuTio; B EREL ., A R
AHETZZEEFEL TS, LaAlo, HIREIFI AT
w FH83.03%. LSAT &1 0.95%H 0D, £H55H EuTiO; i
ERMENEENT B ZEMTES, T LT, BFEE LM
BMEDOHy T L FRNF T 04 7 Ay EFERL T,
FRIL Y PO ATFNA ANEBRL TWERFN,

(8% 0]
1. H. Takagi and Y. Tokura, Phys. Rev. B., 60, R15021 (1999).
2. T. Katsufuji and H. Takagi, Phys. Rev. B., 64, 054415 (2006).
3. C. J. Fennie and K. M. Rabe, Phys. Rev. Lett., 97, 267602
(2006).
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5. K. Kugimiya, K. Fujita, K. Tanaka, and K. Hirao, J. Mag.
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LiCoO, BEEMD I+ v ILEE

1. BEUBHEC

LiCoO, I &E - /— b\ O REITEREIN
BVFOLAF L BMOBEBMEIE L TASIWHAINT
W5, )FI A1 A ERIZE DEEBOERBIE SN
ERL, ENAMNIEa—FT4 TRAEFF ARy b
T #E20Bk L EFE o> THIBE TRV, LiCoO,
D#ERHEEIL CoO, BE Li BREIZHEB L 7= layered
rhombohedral #iE &72>THOME 1), VFOLITF B
T, LiCoO, BRI > —hlL—aEnsi
REFHLTAREL TWS, SHUSHICHEIT LiCoO,
BHEDOFERRIIERITIER TH 245, LiCoO, i kEIH
BREELZENTERWED, TOEEHEIZEL T
EIIRBAREN ST,

ZOYEIL CoO,BEHL TWAZSH, R—E2 7R
BEATFOBEZERTEIZSICL0, BahtesolE
HE2l8ENH 2, Co0, BIT. MMM RICLDEN
7= BE LA PE(Na,Co0,)[ 1 1481538 (Na,CoO, yH,0)[2] %
RIZERHENTRY., TEYF v IIVRENRIEE S
NI ATFORBEDERA L A/ EI Xk 0 it HE>F
SIS TES, LhL, RROWEIZBNTIITIES
Fr VREORBHMICERLZHONEL[3,4]. T
OEEICHET2PEREICER L - bDIIBEETH S,
THTH, LI VNS LAV —HETEZ2ZEEE2E
BiIIWEFREINTOWARWL, TITERETIH. L1y
NI LA VY—HRETR2IEYF v ) BEER2ELIZE
AT, Ba R EIC LiCoO, DR EEHAMT-.

AE TIT ALOJOONHEIZERT 3, ZOEREDE
V12 ALFIRERET 0.275 nm T& U, LiCoO, D#&T-7E $(0.281
nm) &Y S E, T AT 4w MIK 22%TH S, Fi.
COERART - NABIIIVERBIIAT Y T&T T A

VAVAYAYAYA.

VAVAYAYA.

VAVAVAYA.

VAVAVAYAYA.

1. LiCoO:# R (layered rhombohedral) DR E, K&

DI CoOBWPRHAME)ERL., KELRKRH LiETRT,

—RKHR. s —

HEEELIENTE, BREREERENGFETE S,
AT, 2O ALO000D)EE LIZHITS LiCoO, DI E
FF Ty VEBEREIIODWTHET S,

2. RBFE

NIWVAV—F—FFRITTa PLDEKIZLO,
ALO,(0001) M EIZ LiCoO, ZHM L . X #EH(XRD)IZ
FOREEME, AFM ICX DEBBEOREREEFML 7.
AEPFIC Li VREL TREKW®RIZZ2DEH <9, Li
U FIa (LI 3Co0) D5 —4y NEER L, BED
JEVE 1x10° Torr & U, EARIR/E T, # =B - 650°C OHFEAT
SEHEE S - KF TF T L —H—(# 5 248 nm) & H 1,
TIN—T L AEROEREL BBKIIZNFN. 1.64 mlem’,
2Hz THo7r. BEDODEAII80mm BETH S,

3. RBEBRUER
LiCoO, BEDBE B L NG ST ER, BEDE,

EWBERE, BN A—-F I X OHEEREILERL.
HiR - 650°C DREFIRE T @IS 4 EEICTEINGE
1). ALOy(0001)E:AR L1231 T, 250 — 300°C DT LiCoO,
MEHIEYF Iy VRETDHZEEZRWEL. K21
T,=300°C THREL /-#BO XRD /X¥ —2(6-200% %7,
LiCo0,(003), (006), (00 I12)EIHFT E— I HBEEI NS, Z0D0
=26 7FIF T, B LICoO, BB 5N TS Db D
s, FENHEKHEEFRITHN, BHRTHD 2
BLFz RNV T4 FaTREIZED, TEYF T v )UK
ELTW2Z:2HRAL. K2R T LI

®1. REROERIEEIEOVER

iR mE
RE (°C)
650 LiCo,0, (+LiCo0,)
500
400 LiCoO, (+Co,0,)
350
300

LiCoO, EitH
250 o2
200 LiCoO, DR ZE DA
— LitCoDRFERIIAZ>
Em | ALupE

KAST ERI19EEMRBIE 2008.7.3



[101]c-AL O3 // [100]LiCoO, DBR &R Z &b o7,

T, =288 - 200°C T, layered thombohedral #i&®D
006) £(00 12—V IZHIE T HBMEIZOHRE—T B
B I, LiCoO, D EEBETIIH 24, Li & CoMT >
& ICEFIL -G TS, £7-.350°C BLE T3,
Co0304 % LiCos04 72 EDRIMEN T E D Z LS MIZ
2o/,

B 3(@@). (b)iZ. T, = 500°C(LiCo0, & C0,0, DiEFHEED
& T, =250°C(LiICoO, B T E ¥ F T v L BBYDORET T
ERL /-#IED AFM 8% R7, T, = 500°C THREEL =d
DE=ZARDT A5 RIKREZLTHBD. 2071 7>
R OB AT ER O Rt % KR U TARBIMERIZ 2> T
5T ERbhofr, —F. LiCoO, BT EY F v )L
BTII PR E RIZ04m BETHD. FHAREN
BohsZ&bh o7, BLEXD. T, =250-300°C Thk
B3 2z rizky, AR LiCoO, M ZE2 2 LITRY
L7,

T, bERESOBRERARTHADE, T2 TIF5IEE.
RIMNEL 2D, PHABERERELND ZEAbh-
7. $/xbt, BEETREL-#EESRLTHEELD, R,
=01 nmBETH->/. JOHEBIT LICoO, SR UMK T
HDBM. Li & CoMITI U FLIEBLTHWLEETH S,
Z T, 300-500°C TRRT Z— )V ERATHER. Li & Co
MEEZ®Z. BWYWHE TH 28K H & (ayered
rhombohedral)® LiCoQ, ZE ¥ F v N EBENESN-,
AT T&T I ABENERIND L5 EHAAEL /-
ALO5(0001)FEM EIZ LiCoO, Z BB TEEL TREY =—
WLEZA, R~02nm ZRTHEEEES Z EITRTIL
7=

4. FLHESEBORE

AHFFE TII R LiCoO, BAHIE Y F 2 v )L 21B5 T
LEHMNE L TERET . TORR, LLTOZ &0
5N eo 7,

1) EARKBE % 250-300°C 12 B DD, Lij;C00, 7 —4
9 FERWTNINAL =Y —FRI T g R 2 RE
2175 &, REAFHER, ~ 0.4 nm)/z LiCoO, BT ¥ F
T )V EBENE SN,

2) BB THREZITD &, HME T3 LiCoO, #iE & 1
BEREETHIN. LECoNT Y LITRBEL TN
BENESNS, OB 300-500°C TRET =—)IVT
52X12&0D. R, ~02nm ERTFERL LiICoO, LE Y F
Ty VEEBE SN,

A%, BNOBRGECHMELEORMEITI FETH
%, £/, Co¥A b, LiYA MADR—ELTIZL 5
HHEHHHETES, A7y T&TIABEVBERIND
FAHEER EAORBEEH A, RHEED BN R A 2L 574
BEOEHNSEOBETH S, £, IO LiCoO, MK
ENv 7y —EEU TR, EHABREROBENEN
MEDOERbEZ NS, =& Z1E LiMnO, 13 LiCo0, &
FHE O EE 2 UL N— 7 A ¥ )V 7 ERREW
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12.54

0.00

526

0.00

2. (a) To = 500°C(LICOO: & Cos04 DRAR M) & . (b) T =
2500C(LICOO: B TP R+ + L WE) OREFTHERLE
WED AFM R,

LiCo0,(003)]
A,,OX(0012)

LiCo0,(006) |

LiC00,(0012)

Intensity (arb. Unit)

3. (a) LiCoO; B M XRD /14—, (b)AL0s(0001)E L
n1=y hEILORR.

WNHEFTE 3, LIMnO, & LiCoO, AN F OGS Z/ERL .,
HIZBIT2MHEPESMEERE. FRLME (LB %
BRI HHBETH S,

(B 3#])
1. I Terasaki, Phys. Rev. B, 56, R12685 (1997).
2. K. Takada et al., Nature, 422, 53 (2003).
3. M. Hirayama et al., Journal of Power Sources, 168, 493
(2007).
4. A. Mizutani et al., Crystal Growth & Design, 8, 755 (2008).



79 —FCRTO,NDREIESYF L vILEKRE

1. BUBIC

INETRERTERN>WEEERTS. 21D
DERPEOAROBTH ., BEEMICIBNTIE. T0O
KT BRERITIN A, KBIBKEREIED Z &M TE o2
WE%E. BREEBLTS END T T O—F AR
REENTHS, TEYF v )V HEETIE. MROZE%
Dia L THEBEA OMEFENTIREE 720, MOk &
FHANERFEBHOSNICTEZENTES, £, BELS
DAL AZER L -ERECEBRFREDAT OB
BEERTLIEICED, FIPEESIEHT I bagEs
%, LEN-T, BREIVYF v )L EREEREHT
BOTEETH .

AR TIHZBILF ¥ (TiO)EEERIZEH L1~
TiO, B AN 2 — BB SBRLY & U T, s
RNZERIZ, BROERENTOIRTWS, EE. &
AP EREENY, ERELEATY ~REORE L EhiE
BEZD,. LY bOZ ) ASANOHENE L > T3,
TOEDEREEBZHT2DIZAN SN TV BEHRN
R—E 7 THs, R=—NC P 2BIRTBI LD,
BRaBREERRT 2 2 LN TEZOREN, BEENBW
RTFERTORBEFTICHELTLEW, PRMICR—F
DTGB EMTERN, Lo T, KB TRET S S
OEARGBELILS,

AR T, BHIEY R v VREICERL -, B
HIESYF v VEEER £T7EN T 7 AR S
"L EOBT-INLTRRETE Z&ICE>TIESYF
VY NEBREBLIFETHD, BHIEYF v VRES
BB TIT 2, BBT7EN T 7 ABBEHEET D20,
AKENBEVWMEZEEANTICROAD I NG T
5,

49 TIT ALO(10-12)F _EIZ )V FIVELTIO, D EHE
ITEYF v IVEREIZRIL TWBRLRICTFHI—FD
BHIESF v IVREICRDBEAIEEZ A B TFERD
ARV FRNFNOBEITHARTHIENERERNT
WEDEN, BHIESY F vy VRENEE 2>, 7
T REZBALTTEN I P ABBEEER L2 &
ZA BRIV F Iy IIIRET LI EERWSLE, &
NIZED, RIENEWITEDO R—E I HHETE 3,
ARBTIX 75 —FH TIO, DBRIEIF vIIRE
ZELEHERRD,

2. RRBRFZE
ISV AL —F —HEEPLD)E AW T Tio, fEEES

—HKH, BAHT

215l KeiF TF I L —H—~(HE 248nm)Z ALy, L
=T N—T A3 1.64 mlem® & L7, BEARIIICEH
& L 7= LSAT[(LaAlO3),3(S12AlTaOg)o 71(100). LAO(LaAlO;)
(100), F7zid LSAO(LaSrAlO,) (100)& B\ /=, 7+ & —¥
B TiO, EDOBTFIAT Y F=(FE R pn- BT E B am)
BFER el ITNTH. 2.15%(H5R). 0.13%(H3E).
0.80%(EM)TH D, WTHOEKITBNWT, BiROKE
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Permeability and Retention (EPR) #hEiz EDBIHE
PRV END, T TBIBLG BB Y A EHWTH
EESREFM U, XDIVEE AL T1%D 4-HPR QLE
BT, PBS BLURU T —I )L BMLIFRE & LB L,
EEAENNERCHHTE: (K6), /-2 0RK
BERDVRRON o EN S EAERIIEN &
ARE NI,

@ 8000

£

£

g 600 ~O-PBS

2 ~Lbereyl (779%)
vo4m0 375 ke

£ SL34HPRnbenzyi 77 %
F 200 76me/ke

0 2 4 6 8 10 2
T t 1
Days after treatment

Be 4- HPRHYT—SEAIZLEEAFRHR
UEXO BFIZY T4 TR LIV F /1
BOBKEFERTHS 4R KBVWTIY—4F 125
ESEEAANDEBIEEZ G2 2 &3, BRE N, £ /-,
4-HPR D & D 72 B KHE DR NEY O M FE Hm L2 BAY
ELERYR—I VIV EMFET S LT AKOBUKRIER
ENEETHO NN EEVSFEROEUBEETS
BAKMEEN I BIVABRD E L TERTH D Z LHVHH
L7,

UL ROF Y ONEILE BB T IV AERE
EhfRAT

AT I OBENEERTOZDIIEIR7I2FRT,
FITC THEXEHRZL-ETH S TFE 1500 @
PEG,-PBLA,,-FITC N SRRDEHFI LN ERH W, BEIZ
IEHEXABEOERKLYS) ZH W=, /. FITC It
W OEBENBITE RIS 2729010, [A—8BL TR
R DRI PIRE/R T v NBHRBREGRBH S A 7L %28
WT, £F T 2R S BENEFBEHEL-.

S
CH, %0 _,CHzCHQ}"CHz’ NH-— { co '?H “NH}Z;{Q N
273
H;

ZWG

7 A EIF oA ERBICANV-Tay oKy v —

PEG-PBLA-FITC
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FITC 2 &)V Z28IRMIRE L 2. K THES B
MBI BT 2 HBNIBEZ, F—8AT 12 KR, RR
WCEHRIL 72 R ER 8I1TR Y. IEWK THZTIE. BIRM
REaN FITC S )Vid. MIEIR. EH0LE. £S48
ik, M#pREEBL THL<A, BRMLED S ORNIT. 12
BHOREHET T<DOITHTH o7z, —H. BEHEKT
. REERN S, BELENSKNAED. 1 FHETE
—JIELT, 3FE 4000 D FITC 7FA b T > % ik
NG L= B8, BERRIC i L s afidn 2
. 12 FeRiE
BERS., BEAENSIZEASK TR, 2B, Bk
fEITIC LY. FITC 22V ofp it 9~10 B & E

B TR2ICHRIT D DIz L. FITC 2L

HaEns,

A

RS BMEOERAS X5 1RMEEROELEH

150

100-

X 5 5 5.5 & 5 5.5 3 d 3

50

0 60 120 180 240 300 360 420 480 540 000 660 720
Time (min)

8 FITC= t’)bd)ﬁﬁﬁ?ﬂi
fa e

BRNE B HEOER
O IE.%)E'F%H& ‘O EHMR

RiZ, BABO P TERIERZ S B 2BR L R
COBETIH. &1t
WIS EERMZEET 25 & 0EDRWEEMRIC LI/ TS
L2725, RHEREK. IVIIEELE, SRN. EE
WO viable 72808 [#EEOAROEE (v) 1ITBTT
%, BEEE [BREEOLMOER )] IZIZnE -2
O, REEBIT LRV, BREEEH&IC, ZoEEHICDH
IRNPHRLZICEREL . BRIND ZENRON5, 20
HLREDORBFNEMDOERIL S T7ER10IRT,
VL EOERIT, EFEFRARNIITmMIRIZR NS, B0
EHMABIIAH L &8 T IR0 -< 0 L -HER
DFNITT > THRIEHMBNICBE T2 Z LHAVRB I N,

MR THD, BKENI&IT
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11:00:00

11.05:00

19HEaHEE]

H9 WMELEHERIIBII3HITIRILOBEHE

BAS FETOHABREIL. ACREAOKRATES N, B, &
i, C #5540%: D &5 IBME%; E SHEME; T
5 16 By,

250+
200%
150%
100%

50

0"'I"'I"'I"'|"'|"'|"'|"'|"'|
-2 0 2 4 6 8 10 12 14 16

I RNEREH S OB (h)
10 BOEREEORFHES
O, viable @1 ( ; @, BRI 0 = 5).

—RRIZ, BIEASKE <720 T OO LIRS A EFEY
L5 L. MEAHET 2D TLDOHFNDOHAA
FOFUNY —@RAEE 25, L L. FBRNSER
HMBRLOMEN S BSF I wIVITERICRN /- %, 85t
MBI IIAmLTO ZEbh oz, ZORMAR
BATICNS =TT 4 > OB REE BT S &
W LWL QBB ZIRET 2, bbb, ZO@
FEI IO &£ O 721 EFE @M R 9IRE % I f B
KL EOEMITI > TALMITEO L 22, BT
SENHBARELODRNCY =T T4 2T TBH0
TH5D,



A>T hForha

1. RGLsE

TR TETDAEEMETHEH T T2 %2R
WTBERIT Y TFUNY =2 A5 4 DDS) DBEREF -7,
J1>7 N5 i3 Canptotheca acuminata & W 3 BARM S
EREN, PRAVYAST—FIHEFTHS., SHICDH
D HIRICBIRENIC @ < 723, FIZASAMIREL & DIEFEDH
LU WHIAE D DNA B2 HET 3, L LA T 5203
BWHINAEEERED—F T, RLEEEE OBEHOY
HTHO. ol 7.4 LLETIIEELLSRBERNAELE
K5 (B Do HoT T OFEETHBITY /) FH
AR ARKBRACHERIZERINTVSS, B LW
THREDRIERNBEE 2o T3,

BE2BHCTTF2 5B TFIBNCHEZIES
XD, EREFELEL. PIBAREEREZNS, A
ARIRANDY —5 7 4 > THe%EFD IS BHOBEREEE
fBlz, YEAVEESF )7 =T, RYTZFL DY
OA—NERYTANSGF U BEEABEL TS Oy Y
ARY—=TH 5, 7 ANTF U BEHIIIEYREEFIEL
7Zbenzyl RZBEEA LS (M), BRAEFIHETHRE
BROFYUT7—2AN. BT M FI REO0ES It
IWEEHEL TERLR SEFS/ - ENOKRILICET A
REBFOTRET S,

2

T -,_‘; pH=14

e, f*.:;._.__ R (4]
rxj f \“*'f’ OH
o as

N
OH O

-

) G
\\__ _;r_ "\(

OH O

B1: A 7 hForniliE

/ \ H
H3C{O-CHyCH;+——CH,-HN . c
2 | HC-C-ORj \ C

B2:RUR—ENAVT T ORI ELOBE

SO FI I OES

FH &7

2. EBFE
2.1 ZEILokHR

EYF+ U723, HFE 5000 oRYTFL Y
I—)VPEQ) &=y MEH 27 DRY T ANSE B
SR Ty 7 ARYT—D, T ANTELBEDOK 74%
% benzyl ETEMHL 2R Y—2AWE, Z0Fv U7
—%ZLELF 5-27 PEG-pAsp (benzyl 74%) EBE9, hH> T b
T2 2,2 2-trifluoroethanol. dimethylsuofoxide
(DMSO) . B L <IZ chloroform AN LEH L=, 5-27
PEG-pAsp (benzyl 74%) 5 mg I 1 mg/ml h> 7 b5 >
CPT) AR EEEMA ., HPLANOBELEELHTT
RRERIEBLZEICLOTANLEERL, 2D T 4 VLA
12K 4 ol ZMA TEFHBH 2TV, BOSBICL VI
BYMEROBRWE, LiEEZ T 0NV —-THERL, B5h7
KEBROHTEIT> 2. MPBEREDHEIL0.9 wtkic
25& 9 NaCl 2z 7=,

CARM K ABEICIE. IRIVEIRE nica BREICH
TL. BROMBEMMIE-BIIKTHREL, BREATER
ERETAINLERV,

2.2 WMEFE

2N OREREIX dynanic light scattering (DLS)
T, KBERPTFo /. (PT DBEIT WV-VIS BIE TRD
7zo AFPMBIZEVE Asylum MFP-3D-SA. AC mode TR&EH TfT
oz, MHPBE. ddY X (. 4—5:88) 12 CPT
IV (2.5 ng/ke) WiREEBIRNIZ 5%, 4 BRICBT
B MsEHBEE WPLCIZX DEEL /-,

3. BRCEZR

3.1 AVTRTFIURBIRILGER

CPT Nl IV OVEBIE. B4 A% evaporation & & FEA
TWBHETIT o k. ZOFETIE RUT—&(PT %2
BHTREALEBEZEZRRIEZZ LI, By —dz
CPTARHL7= T4 N L %H’D, BIZZDT 4NV LITKE
MABFHRESZITO22I2X0,. PTHEOERTFIE
WOKBREEHRT 2, S LINVBRITERL. HEDEBE
BIZEIZER L,

CPT/TFE =R WT. (PT Z2RUS—OERIZHLT
10%, LT 0DOERTIHML., B TFI I 2ESL
Tl ZA B3R T LS BRBA G EHEDRTFNESN
2o F2LT TR EZNTN 106 nu. 170 nn DL

KAST ERI19EEMRBIE 2008.7.3



BERO.EMUEHOBNE NN KRERELTFI L
WERR LU, CPT 25 F20, IE3IE)L) ORETIT
FabT PRI m BETHD., (PT 2MA 5
ERLVDRBINKRELRD I ENGN S, ZOMIZS 5%,
20%. 40%0D CPTEBE I IV EERL 48, —BAICEHF
DEMNBERBEIVINDORBENKEL 2o,
FE®BATIRIIVBERICEENS (PT OEEE. 10%
CPT &IV TIEH 42 pg/nl. 100% CPT 3 )L T3 191
pg/ml THofz, HAKRKICH LT, BEROZENREIN
% (PT ORIZIZNFNDO I LIVIEKT 34%. 15%TH 0.

BE-388

distribution (%)

IIL ——1 10:1
N | ma——

10 100 1000

particle sizo (nm)

-
oo

particle size (nm)

3: LS MEDSKOEI EIOHE

CPT HABEER B WNES, BohS (PTORIIE< 423D
COEPGIRIMELS 122 Z &R ho 7z
B 42 10% CPT 2 &)L & 100% CPT I SFERIL /-

T4 IWVALAD AMBREOBRERT., 74V LEI®IVKE
BEGHRIBTES TS0, BEKBRDTHBLT
WSIENO. BRPREZEL S RHL TEWARNL, L
MUARA—D 2 TICE > TEHETCRAL > 7 AN E]
BEIZ/2 77, K 4aiZ 10% CPT S BV D height HETH 5.
ROLORMABEMCRIO. EZAEZAIT | un WHE
ED, A I ARBHEIZNESRH D, INS5iEBES
AT FTCRAOBATIENORERS EBbh
%, 4b 1X 100% CPT 2 &)L @ height R TH 5. 10% CPT
SHVEWA, | pn BEOKS AL EORETD, T
DEPT. I ENOBETHAS5 R+ mhS5EE m Ol
D island bEREIN., HE mm BED/NMI/2 island
i3, BllEOBIDOENE mTHZ, | mBEOKE
TR E DA E A 30 i B FE V. B 4c V3 4b O phase
BE®RTH5. ZOBEBRTIE. height BETRON-AE
B ED O LI, BRHRD. 22 k52 MR NESA
FETAIENMho/, ZOHEOL I BENRY <
—HEELEZDZOREL L, (PIARERLL-bDEED
No, FEROBED S THBRI N, EERERICY ST
NVAHDOFNOERR T, (PT DFEENRY v —TEBDN- &
572, B+ mx | pn OEFBOBENBRI N, &
NEDOREEEEI 0% (PTI I THERXZ N -2
ENS, I RIMEHROBROBEZ (PT A% RLL. S
DY TWVIEBHELTWB EEZ /-,

AFM, SEM BIE THE SN EEN S, (PT DREENI I
TR ALTWA ZEEbh -9, (PTO&RE
BEADBERBESRET S &I L, (PT OEMEIL.
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CPT & D UV BIEZTTV, 600 nm TOY— 21 (BE) %
RDB & THE~. chloroform 2, 2, 2-trifluoroethanol.

Height

30

25

20

(== 8]

|
a3

um

ra

pm
Lo
o0
o
Deg

Km

4: CPT 2 &JL 0> AFM Eiff

DMSO Z¥&fE & L. (PT DBEZR S L ZD WV BIEDHK
RPEE S THD, ZDF5T7h5 (PTIE 5mg/nl AT TR
DMSO RHEBEH LIBT3, Ratic



chloroform ~DEMHEIZE VY, CPT i | mg/ml BAF T
chloroform IZ&<BIT2MN. FTHULBBEICTS LR
BYEDSRIC T35, FIHEOBSRIL THE. 1, 4-dioxane T
RO N, BEREEEHRTS &, (PT @ IMSO Bik%
HERT2OMFE L WAL RIZR</= & 312, evaporation
ET CPT IV EERTARICHEERZ RSB 0HEN
HB572D. DMSO DL S 728D (189 °C) I I/ VI
<KW TORTIFEDHAIZT4°C T, RADELITEL T
W3, (PT OBEMREDERICHERRN 1~5 ng/nl OHH
THBRRWV, ZO0EM—RMICEHER S NSBEEADBER
EORAEL 20 (PT O LB OM AR LS
A, HENTOWBEEE 2 2, 2-trifluoroethanol T
Hol,

0.5 — T y T
fchloroform

04 j ]
g i
< H
o 03} i .
S i
S ]
® i
g o2t ;
3 2,2,2-trifluoroethanol _
T |
Q 0.1 F e J
LY H . I-Toi

[CPT] mg/mL
5:CPTREODEENTOKR

CPT OB EHERT 2729, 1-5 ng/ul OHHET (PT
ZERBEBICEN, TOBRKEAS RASZA L THEE
IV DDENFEMBTHEL 7. (PT OBEMBIENE
chloroforn & TIX. BWEMEW | ng/nl THEHED
KO RERPEBIN, 5 ng/nl TIRERDOK. KX
THEALE, INSORRIZEREZRTEED. (PTFE
Bbns, DMSOBEHETIE. BEORFEINEL, dendritic
IAfEENREE N, TFE BkOB4E. | ng/nl TiEun
BEOMEO island R 5N, 5 ng/nl T3 tun OF
FED island 2RV X SirENBExI N, »
THOHNERTEH/20 (PT THBZ ENERINT-,

(PT HEEHFIEINEERTIRICIE. B2F& CPT
DRET A NVLEZEETZ, 0% (PT RNELFITHER
Thnid, (T OERERIEZIDIZKVWESS, LML
chloroform B2 ETIE. B2 —EDBED FTITEIK
P TERICHRENREETEY. KUY —LBATAHAT
5 FELOMEERATIIZL., (PTOHKEEZRY T—M
BOWKEBTHDZENHRBINS, AFMOE S ENSH|
B9 5 &, Lhkr) (PT OBMBIENE WL TFE B TH, BE

30 | EE% injected dose | 280
particle size (nm) |

Al 200

20 |
150

100

% injected dose after 4 h
particle size (nm)

50

chloroform TFE

B 6:CPT =il HHY

DPTRZOLDITHERELTHBY, ZOFDERY v —
T4 NV AREOE I IREFZ B3, Ry —a-—h
SNz PT D#RIL. BEIKEIRFICHEE T 2 0geiEns
HD, LLELZDOBEKET 2 DDS ®WHTIE, B
BEELY 754 D TREERT B0, S INOKIRSE
200 mm ATFiC9 24BN H 2, Lo T (PT D& H S
BEUEOAREIICETSE, TNENEATIENFIL
NHRERD . DDSEAEEMT S L THABETH S,
EBRITCPT 22)L% chloroforn SN SER L =188 &
TFE BN SERL B A TR IFEBRN S E- =3 1)L
DHEIPRBBNEI Mo/~ ([6),

3.2 HWUTRFIOREIEIOOTRERRE

INETOHRLY., PTREDESFIEIN% DS B
IZHERIG 2 BICIE, (iR D CPT/TFE ik % BV, IS
TO (PT BRIEE S ZENEETH S I EMNGh o7,
SEFIZ. CPT/TFE Ak %R L TERL 7= (PT NaE
RFIENETTACHEL~&EZ5, LT chloroform
BIRD HVER L 72 2 RIVITE, ERID i G0 KiE
WERLE (B 6. RBEONEN, ZVEOEVNIE
EZRRETHIEICLD. BEIRDL ENB I AN
%,

4. SEORE

SEIOHE T CPT 2 IV OESITI CPT D#ERILHS
PIREIZ/2% T & &R L7, BRI 72\ @87z CPT A%
FETORETTHERLZIVINTIE. (PTOKE2REREE
BOFNESIZHT SV ERET 2L Bbha, (PT
DEFRERBENRETHERLZ I BIVITREL ML, K
A OmPiFEED LN 2 Lnnho 7z,

BIEBRAVL. (PT X BIVEREFD (PT OREBILIZDNT
EICREZED TS, FROBRRIIMOBESRIED KA
HHEBL TWLAREERE L. (PTORTHL MR
ERBERAL. EANGI vIVERO—-RIEZEBET.

(BE K]
1. T. Yamamoto, M. Yokoyama, P. Opanasopit, A. Hayama, K.
Kawano, Y. Maitani, J. Controlled Release, 123, 11(2007)
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Am80 & & U LE540 HA S S

1. BU®LC

1. 1 LF/4K

VF/AREBESYI A OIEHATHLLF /)18
BLUOZOERILEM TH 2 MNEERFTHLLF
1 U BZA4k (retinoic acid receptor / RARD) BLUL
F /A KX ZEME (retinoid X receptor / RXR) &4
LTENSDEREESEZHRE L. MIROBHE - b - RE
ZHBETLEERRFTH2. NEMDOLF /1 RTH B
all-trans VF /1 B (all-trans retinoic acid /
ATRA) BEUR G-cisVF /1 8 (9~cisretinoic acid /
J-cisRA) OIERBEFOEMEZX 112777 . RAR BELRXR
IZidEhtha, B. BLOWO3IBOY T ¥ 1 TINEET
2. BE. ThENOY T Y1 It 28N RR S
LF /A RS BERIN. TORAMDOEZERVET RS
KHALMRBENNIHARINTNS 2, ZDkdik
LF /A1 ROBGRECFHAZIRBABBROSFICBL
THREINhTNnS,

LF /A RORBAFIE L TOERZBRETRLE
DB BEHMEREAMmMA (acute promvelocytic
leukemia / APL) IZX9 % ATRA DBEH TH 2 ¥, Zhit
RAKDOEEIZE D EUZEE RR-aDEEHKEEE ATRA
WX OBl APLMOMEERET D LIk E
REATHHDTH S, LUk, (ERABFEVNRIZZDDEE
O EFEIERLTF /A RICDOWTHAAERIGRINT
Bl AREW DD ELTAMPRR2 (D437 Iz LB T H N—
VABHENEIHREEINTNS 4O, o KR THER
LT3 An80 (R2) 3B E/I38iaM APL I3 2
HERANEAIENTNS Y,

retinol O
retinal O

4

ATRA Qz==2 Q **4

N\

@o—factors

transactivation

retinoic acid response element

Bl1. ATRA BELU 9cisRA D EFARFE.
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FI/L O ER T
i R

I5L7ELF /A ROFBAEBESNREZERRACE
WTRHIEIE2ZEEZHANELT. Y7027 FTIIL
F/AROBRTFILNADHA - BIFEED TS,
BOFIEIVREEOHKEENENKICEEICHAT
ST ENTE, THICEPRFIR VICE T ERNAEG
DEREZRT. LN TESFIVIVELF /1 RE
BUBKEFMRARICH L BEDIREZEDL-DICER
IRREYNEESAEERBT D ENTES,

1. 2 Am80 kT LE540

Am80 I ATRA L ELBEL TE - Yt - BiLITH T 2L E A
S ELMIRRLF ) A CBRESSY 2 N7E (cellular
retinoic acid binding receptor / CRABP) & OEFnfEA
INE WD EBEHBENSBFEINCTVE VS 4
BB, 5T w80 13 RAR-w/BBIR T T A b (E
BH) THD, EEEBIIBIZTERY /¥ 1T ThH3
RAR—YIZIZEA L2\, ZD7- % KB IZ 5T 2 RIBAIEIE
SHWAZENBEEZSNTNDSFIRD L 512 Ans0 13 APL
T LEBELLTEIINTEY, E8lzz0EAk
RPRFAIN TS MEFEREICE TV HERES
MENRIBMERTHRESNTH O Y, BRSAICKHT
SEEIRNICHETE S,

—%. LE540 (K2) i3 MR 7> T~ GEHAD
ELUTERT S, EEHRICOVTD AnS) &1358icmE
FADRNBESINTBO Y, EhRBICHT 2@
HEI N5 BED S FHIND LD ICERICHBUKIED®
WEFITHY, B TINEAICILSAEIIT LE540
DIERAARENET A LTS TETH A,

o

COOH

s

E2. Am80 (k) #&UL LE540 (F).

COOH



ABFFEIT An80 B XU LES40 OFBAFI BILADEH A,
RENCI NS OREEEE o vitro TEETS 2
EZEHMELTITo /. /2. LES40 & An80 D A/BUH
BEZIEB T2 2T 2N 02 4HHT 2EELH
S5MIZT B EBREL,

2 ERL#ER
ARFFECHEALE Am80 BX R LES40 X F N FN ik
NZINBRFEFR - BREEIR S NI ERER R K - il
BIROFRICLVRHEVF N,

2.1 Am80 H XU LE540 OB AR M

BHIEEITT S A0 3B L OV LES40 DiEmEElT. EH

(0.5 mg) 2&EAE Gol) WMA TS50 CTHERELA

BHBICXOMEELE.BLF /A REBITAY ).
I5 /=), 2-TN) =), BEEIFIL, 7R, F
rSERDZ75 2 (THF), 2008V A, N FSAFNEK
VLT ZE (M), BEXUZAFIVZILEFT R (DMSO)
2L CTRIFGEREERL 2. 72 b2 R UJVICII SR
ThHo.

KRREB I 2 BNERER. LF /1R (0.5 ng)
ZEBEG 250l THATSEETERLAE. B
BEICEOFRBREREL, LBICEENBLF )1 R
A HPLC (R — TSK-gel 0DS-80TS) TEEIT B &I
FDBEL 7 (RAUEEE An80 ; 290 nm. LE540: 356 nn).
KBIVEBREBEAKICH LU THELF /1 R&bizig s
N EBEREERI N o720, PBS (H 7.4) #°Th3 An80
INBE 0. 2 mg/ul. THEML -, LES40 12 PRSIz L THR
BTHol.

2. 2 JayyaRyv—
SRIMEIZERLZTBOT 0y 7 3R Y T — DS

ZRIICRLE. CITRUT—OBEBEERIZDNT

"PEG-P (Asp (Bzl 80%)) 5-24 %HIZZHBAT S, PEG; KU
IFLZ)a—)b, PlAsp Bzl 80%)) ; N> DMK
U7 AINTF B (B 80%), 5-24 ; PEG 884 F & 5-kDa
RO ANTGF U RERE U OXEBETHZ &
ZRY . EDOM. ClL; - > F V. C4; -7 F IV, P (Glu) ;
RUTNE I B PLA R AEEZTRT. Ans0 1342 75,
LES40 3RV — 1 BXU? THAREZT- =,

£1. TavyaRy)v—#nk.
Ky<z—

WE

PEG-P(Asp (Bzl 80%)) 5-24
PEG-P(Asp (Bzl 53%)) 6-24
PEG-P(Asp (Bzl 70%)) 5-52
PEG-P(Asp (C11 68%)) 5~22
PEG-P(Asp (C4 67%)) 5-23
PEG-P(Glu (Bzl 74%)) 5-21
PEG-PLA (5.3/3.1-kDa)

N O OB W N

2. 3 LA

VF /A RDIVIADOHAFEKIT L) TNRL— g
EBLU2) BINEO 2@EE AW, FEIITREDE
BOTHD, ) INKRL—alik:  LF /A ReETn
VI ARYR—%AY ) —)VIZHERL B ERRIET
TANVLMELT= 8 KEMATBEFRBE T &0
BAFIIERRE. 2) BB LF /M RETOyy
IR T —% DNSO IZHE ML . KICH L THBIRET S 2
LRXEVERFIVINERE, ~BORERE. LF /1
ROEARBIIRY I LT 10 wikE LA, Bohi-
SIS, BOSEE - BRI X O RERS EBRELE
BIZHEmICER L -,

SENVREAINEZLVF /1 RIZEATEEEE S
WM HPLCETERL 2. F7-, I RIVKFREBRN
HEEICXODBIEL, BEZE2I1TRT. g0 13
PEG-P (Asp) DR DIINEHFIZEHET P IIVEHRY T—0
IENIZHLUTEWHARERLE (RU—1-5, TN
A= a @R =3 IBNTHARINNI VWO
SEINBROFRRIZES)PEG-P (Glu) DX ) &1
725 TNZ PEG-PLA @ 2 )L TIEINERIT 25% 8L F iz
BESL INKRL— 3 JEEBHETHABLEI I
ZHBLZ X, 80 EUNER, KMTREDICEHERER
BRSO LSNM o/, T, LEMI bRYT—1 BLN2
DIVIVIZHL TRIFREARER L.

F2a Am80 HAIZHITSH AmB0 EIREB LUS AN T

INRL—Savik Lol
Ry<z— Am80 HFE Am80 AFE
EIREE (%) (nm) * BURE (%) (m)*
1 67" 21 85 21
2 50™ 17 78 23
3 9 148 55 154
4 105 121 86 142
5 100 29 93 25
6 - 148 25 201
7 19 - 18 34

* Cumulant diameter. ** {£AR 5 wt%.

#2b. LE540 # AICH115 LES40 BIREB LUS L HFE
I/NRLU—Yavik
LE540 MFE
1A (%) (nm) *
68 47
68 33

Ry<—

1
2

* Cumulant diameter.

2. 4 FUEHMEERHE () FEATE
RUR—1BLU2HERBZIVNNSOLF /A R

KAST ERI19EEMRBIE 2008.7.3



DOHLEEZ, KBLUPBS P THEIEICLVFML -,
HHEIROBO TH D, LF /1 REAIBIVEKR R
Y—iBE 5.0 mg/nl. 10 ml) 2BEWFWFo—THIZARN,
AEBHTR GKEAZIZPBS. 100 mb) T3 L THBRUE %
fTo7 MR BIRF O L F /o REFFERR &2 84H
HWPLCEIZLDERL. LF /)1 ROKHEBREREL -,
Am80 VI AKH THREEER L 7248, PBS T 24 BRI LA
IR SN~ (K3). —7%. LE540 idmssts
TRE-SZSHHENTIREEICHFTEIN~- (K20
LES 0 MIBIZBVWTRYT—1&¢ 2D 5 7i3ER->T
W3), ZORBP. BHIF2—THIZLF /1 RRRY
Y —RADLBIIBR I N b,

160 -
in water

=O— polymer 1; Am80
120 | —7/x polymer 2; Am80
—O— polymer 1; LE540
+ —&— polymer 2; LE540

-40

160
in PBS

120 +

80 - —O— polymer 1; Am80
—/x— polymer 2; Am80
—O— polymer 1; LE540

—x— polymer 2; LE540

40 |-

0g —\— —\
-40 :
0 2 4 6 8
Days

B3. ENEICELD LF/ A FBUE R (L k. F;PBS o).

2. 5 MHMEHE(2) :GPC &

RUR—1BIV2OIBINIHALEZLF /1 RO
LEME GPC 54 (B — TSK-gel G4000PWXL) kb
FMEL (B8 ; K. H#E 10 nl/min. 40 T), RE
B RD &0 I VBN E. AR V) k0L
F/A REDERIBLZ NS LAEZRON LR & 8T
BZZEIRED.HTLNTOIENELSTIILF /A RD
BEREZEL 7.

NS LREFEDFREBL T, TSK-gel G4000PWXL 5
LFTIX IR E—VEM, T/2bb ILIVBED 24-34%.
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W E—VHEE dhbbLF /1 FEEN 4-91%8D L
7= (#£3),

3. TSK-gel GA00OPWXL WS LR THI LB LUK DS,

. uv ik RI ET 3K
R *A WOE ) ROE ®
1 Am80 75 24
1 LE540 91 38
2 Am80 34 38
2 LE540 63 29

3 EELSBRORY

3. 1 Am80 B KU LE540 D $t AtE

An80 35 & TN LES40 132 < DR BA BAKIC X L T RET
IRV RS —F ., KITH L TRABIETH 0. Bkt
HEERERB N ETE2IVNHAKLBWTEBD TEHF
IRtEEEBL TS, EBE. WL F /1 Rid PEG-P (Asp)
DRV ERZEHT ONEMHEY v —iox L TREF
REAEERLE (£2), An80 #HAI I RYT—&
KEORTE 20 maEObHD & 120-200 tn O HDOHNE
L3z RYUR—1E20I BN DNTHETS L,
LE540 ZHAL-BA1T An80 Lo Ak=23I )L (30-50
m PHRENDESTH S,

3. 2 MHH

BRI & 2 i s R IC B T, An80 VX PBS =
TURRDRIZRU -1 203 vIHSREBINA
(B3) ZHUIKFELRT 2 D THDN T
H%. An80 1IKBLEHBIEAR TIIABMEI/HAE
A5 PBS (oH 7.4) IZxLTIX 0. 2 mg/nl TEERT 2, =
T A0 DAONRFINEOBBEIZ LSO ELHEFEEN
%, PBSHTOI I 5 OB EEIAEREDM AN S
SEEBLTWBREEZOND, —F. E4&HGTIE LEM0
DHHIIRER I N o 77, KB I OPBS 12149 2 it
PEDTNSNT & &, An80 & B L THKMEMNHKRN =
EMIENHFEEIRBIN2BHETHS D,

An80 & LES40 D NS OHMHIE. GPC H S AR TX
SIZR<EESN, SEIVAKD SERENRD S LHT
BEINH LF /1 ROBERRIZI LI OZTH & A
VY, IORKERBERERLE (£3), (P yOv
NS LADEHEEEINS S IV OBEII#BFINTVS
ZERRENTHBY,. LF /1 RABRGINICRHEE R TY
B EHREND, An80. LE5S40 EBICRY T — 204
SHREFENTHY, LLEOERITGPC T2 EMICITS =
ETRY T —RIC LD EARIFIERE 25 T = 2 ATheft
EREL TV,

3. 3 SHEORYE
Am80 B LN LESA0 13 & BITEAF I LILADHRAMIZ



BNTHL. HARBOBRE LT TWS, Bz
WTIEREHAT T AnS0 22 EICREFETIZERkD 5
N5, B\E. FUT—FOBRICED An80 DEEILAT]
EDMRFTEED TS,

InvivoidBRICEEL TI3EE, BERIBEETINICHT S
Am80 FHA X IV OFM AEHE IR K - )| LR E T,
MEREETTFIICHNT S LE0 #HAI I OOESHEL
REFRFRE - ERIRETHEH V=AW T3, 2hs
DIEREEFHIZLF )14 REAI IV OREFTHRITT
<,

(2% 3]
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TRUTZRAL VHARDFI I E CED %
HARDEMEB{LEEEDRRE DS AEMYL M

1. [FL&HIZ
HMEFEO—-BTHLMRBEICH L TE, ZhE T
B4 OERE GVBRFEN. BSEREE. (LPRE, fE
B, BETRER 2FENRERE) CLDBENES
S5RTWBE Y, ZOMBRBEOP THRHICERLBD (R
okt 2MIE. #RBFH) 13, BERIOHEBS R
MM TIET 5720, ABNERCLDELITHH
THZEIHEEELINTBD, FMOAITEK D EHEE
Bl 17 B ETRREESRIES R TWARVONERT
H2V, BHERBEOHRFIBEE, ARMIEHRZT TR
<, BEHREERHNARE AW LSREEOA L. B
BERRALNTVS, ZL OB BB ABETHW NS
BAROEFREIC K BRI #RBEIIBNTH
BRBIBEETH SN, HEEOHE. MO Y E Mm%
TH D MIENEM (blood brain barrier (BBB)) O X1
O MOBEEBAD IS BEFMEERI 2, BBB i,
MERNEMRRERICEST 5 &L D, BRKREHS
EMBERICHEANGIRI NS, IS5 ENTHMANET
LTL2KMEDHER S, BBB EHECLRBICEBL TW

5 p-BEZ NI BT L > TIRAINEHSHTLES,

ZD BBB OBEDEDHIZ, EHFREICLIDOKREZNLT
FIRARIERABITLED IV TH, WEBEOBESR
PERONSBPEE T, HEEBMN TORFBELHRETE
2, & A 2D BBB OHEHEAZBASINARE2#
L. BEANTHRBEEDRERAD VA EZERS
BEZENTERELTH, ZROFVBAHOREIZLS
H\DEVEROBEBENREL D, Z0LD1T, MEEAD

FINAFIC X BFHIEIT, FHREBVHIRI NS 20,

ERPRbENTHEVHIRINS.

1. 1 convection-enhanced delivery (CED)i%

FARARIOZEHREDL D RHEEZZ TR OKEE A
DFELVWEAZRSEEL T, convection-enhanced
delivery (CEDWEASEEEHINTWS 2, CED %idEE
FZBEEETICEAT 3 EMBRESETH I, #kD B
BEHEETEBRNICRER S, EROFBFHREIE. EFREK
ZEBITREL, 2205 ORFIBENBRSEITIHE L
TWSFETHo . EEZOHETIE, #E5LEHER
BOBREDIZT N DEBKELE S5 X 2723 TR B
BOZEFITHPNITMANEBITLU T2 RIERIRE
EFpzENTERN,
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R R

ZRIZH LT CED #% T, ERRREMBEARY TS
ZRVWTEDLD TEWVWEE (1~5uL/min) TEHEIEA
T5ZET, NMREEBRICHEN 2 INBHBRICBEENTT
ERHOEARMNSEHFEAMTCHREZRZSES, 20
8. MICEBRINZBEE25 25 2 &<, BRI 2RI
BEBETOMIES2ENTES, ¥5ICCED &I, £
HRECIDMEBEN S OEY /A ETRRD, EEERES
AP AFZHRET S, ZORFHREICED, IENS
OBETHEIZ S BBB L5 AFOHEH BT 5 =
EMTES, £, KREADORIZSICHERERD,
EERG LB UBBRICORTTY, Z0EDHNAFIC
L BEMER BEIMICEAD TE 5,

CED DAYk
- Ifn ;% B4 B8 F(BBB) %
ACIAY.3

REEMOLET
METYA4o 0 temEL
YN DERT O REEL
BNERBEEE
g 73
)h
737_'—7_')1// .

BE RN oMNA
b i)

X 1. convection-enhanced delivery (CED)i: D% = X

Z® CED HBiCHEHATEREF L LI H>TBD,
BEATEOFVAH > I TR, T HIREEEE
BELERUREEY Y. D TFRBRBO LRI 25
BIREAL PRI OOREDBREAND S,

ZDOEDHBEERBANORIIRSHEE LT, JKWEH
HEAD) Y FEFDCED BTlEH 20, BT REHEE
Rb$H5, ZOFTHEERFEN, BEOTROEHZM
AT 288 REBFOMENOBTEENEEIEL,
BEEERCBOWT IO RENIMEERABEEBL &
NTERVWETH B,



1.2 EHFIEILECED ZDHEAEHEIZLIES
B~ D RMAGIRDBAFIDSH

BAFEEFOLFNOBITEEENAZFED—D
EUT, BHZEMF Y U TRICHEHAL., 85T 2HEN
H5. EYF vy UTERALLMEL T, CPT-11 2HA
LRy — A PP BRESN TS, BT CED itk
DREINACPT-11 LT H L, URY—ATHAT
L5 ETHEEBRABANOEHORERHRN 2 Bb5<, &
HHIFEAERSRTHRN, ZORIZURY —ATIE
CED HED#ABEDbEMRMINTETVLBRY, BLF
2EINEDOWTIE, CED 0D 0EYF Yy U7 ELT
EPRINTHRN, JRY—AEERTS &, BHTF
RIVRBAMEYOFAICELTED ., EH5 okt HEeE
EFRUT—OHEKEIRO—ILTBRZEICEDEET
ELLWHFENH B, URY— LR BHTFIEILD
CED HBIEAT 32 &> T, MFANOBREEF OB
TENHT 2 ZENTEZEITTRLS, IHEFORK
Hrjge el BH2LBEREBECHLERY A IFT
BT 2 ZENTE, HEEBREICBT 2IERITHRNR
AR EHRERBEEZ OGNS,

FIFFETIE, FIBRARITHDT K 71 2 (ADR)ZE
HALEBDFIEINERNWT, CEDZEIRELZIL Sy b
R ET VB INERRT Y MIXT 5 ADR DAL
fi. # FEBEIROFEETo k.

2. ERLER

2.1 AWEEaFEELESYME

ADREHAGEDFIINZ, BB WIHERL /=7, ADR
ZHATLEST I IVIRIT, PEG,,-P(Asp),, (PEG12: &
F& 12000 DR TF L > 7)), PAsp): 7 AN
FoEI1-y MK 22) I ADR EBEEHICESIEE
PEG,,-P(Asp(ADR)),,(ADR # &2 . 9% H WS N, &
DEFFNHERDIEHF I 13mgml FITHEMIT
ADR EF|A 2mg/ml #H A I N T B (micellar ADR). Z 7
TR T—IZHAL T3 ADR L. I AEHERI T,
WEH AL/ ADR DAY, FEESIRERT.

o) o)
13 (1]
CHa-(O-CHg-CHg)-n—zCHg-NH—(C-('JH-NH)—(-C—CHQ-CI)H-NH);H
a
CH, COO-R

I COO-R

NH

H3o OH O OCH,
Ho., ‘O‘O ADR

/ €0 on o0
R= CHy
\ OH
H (Aspatic acid residue)

E2. PEG,,~P(Asp(ADR)),, D ¥ :&

¥ & U T, ADR BLH| % & £720) PEG,,-P(Asp(ADR)),,

(ADR #BH :68%) OHMHLEBMINLELSEDEAT
2 )l (empty micelle)& ADR # A 1J R — A(liposomal
ADRYb AW SN/,

T bId Sprague-Dawley 5 v & 9L JXEEERFED
Fischer 344 5 v MW SN, oL EEMKIL, 5 x 10°
D 9L MMBEE 10u 25y NEBEBROTLIIMS
0.5mm 774, 3mm 75, B 4.5mm DOHLIC 2 T
TETSUEALZ. ZD 2 EICES 4.0mm O EAZICIE
BB E 2 MREMTTERD sul AL, 9L MEEETIV
ZERILJ.

2.2 CED ZITKIEHFIEILOKRE
FEAStZRIINFICEE L. MAOBEREIBAICH L,
micellar ADR, ADR H#l, liposomal ADR. empty micelle,
)RR E A ERE K PBS OFNEFNZE 0.2pl/min T 15
53, 0.5ul/min T 10 7. 0.8ul/min T 15 2 EM F. & 20l

EZEALE.

2. 3 EERETILTO ADR DA 5 %7 0 51

Sprague-Dawley T v N (IE®HKEF)L) I, 2mg/ml ADR
HiAl, liposomal ADR (#HEBICHAIN/A ADR BEFH
2mg/ml), micellar ADR (#EERICE A X 4172 ADR BH .
2mg/ml, {LEMITHEE I/ ADR : 43mg/ml). empty
micelle ({LZMIZ#ER 41/ ADR : 7.9mg/ml) %, FHE
1200 7D CED % AW TIRPIZEEA L= (BB 51L),
AR, BREFEITLS Y bOROEBETH (25um) %
ERIL ., HPEMERBRUEEBEICE D ADR O
N2 Z 82 L /=, Empty micelle H{L%%45 45 L 7= ADR %
ROk, FRICHABRRETS .

2.4 OLRNEHEET L TD ADR DA% 0 51

L FEEMIEHE 7 B O Fischer 344 5w MIT.
2mg/ml ADR H#[& micellar ADR (MENIKHASIhE
ADR BEH| : 2mg/ml, {L3¥HIC# A S /- ADR : 4.3mg/ml)
%, FhEh 20 5 CED &2 AW TR EA L (%
HOHML)., AR, REEIBEZT Y FOMOBEY A

(25um) ZHER L EFBEMBER O LEMEICED ADR
DAL /=,

2. 5 Micellar ADR (D145
Sprague-Dawley T v b (IEEKETIV) 12, 0.1, 02,

0.4, 1.0 mg/ml @ ADR Bif|% & ¢ micellar ADR, ADR B
#. liposomal ADR. empty micelle 2, ZF31F4120ul 5
CED %% FWTIAIC A U7z (&8 5 %) . Empty micelle
'3 micellar ADR DR X —BEICEDRTHRE L. ]S
‘DS Y NORBELAEEOHEREEZTY, CED 4LE 3 AR
BICEREEIE., Ty MR OEMEERET 2.

2. 6 Micellar ADR O3 [H %) R DA

OL MM EZMAE 7 HE D Fischer 344 T v NI,
PBS(n=17), ADR E#| (n=10), liposomal ADR (n=14),
micellar ADR (n=11) 2ZHZ3 CED {1 L /= (ADR B
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Al : 02mg/ml, EAE 20uD). BEHBDS Y bOREEE
BOHREEZIT, CEDABE 0 HTRT &L, AFL
72ow MIREFESE. K H OEMERRETH -,

3. BRRUSHEDOEE

3.1 EERAD ADR )% T
ADR BEH| DRI & LBT 5 &, micellar ADR,

liposomal ADR, empty ADR X1 AN DK WD
HRIhZ (B3 (b)), TONMERKITZNTH, 1392
1.2 mm’, 64.3 +78 mm®, 60.5+57 mm’, 54.7 + 4.4 mm’
THo7z (B3 (a)). Micellar ADR 4% empty micelle & D
HOPRENAMERLEDIE, SIVAN S ADR BEHIN
mHEhkn s o605, URY—A, BRFIWI
MTIE, RERERESNRNWIENS, BTy T &
LTONHRENIZERBETHEEREINS, 215
DR S, AT IENFURY — AR, MRICBIT
SEADENMFANDOBITEMA, LARER 2 L/HIE
SHNERHDODEED LINTES,

100
~— 801
ME ] —_—
E 601 —_—— B
T 404
204
0
ADRE#H Liposomal Micellar Empty
ADR ADR micelle

3. EFERTOERE O HER() LB OEMBRE
BRI HARMRER. bE  APEHBRR.

3.2 OLREEETILTD ADR DIKA S i

IL MEBEETINIIBVWTS, EEMETFIVERERIC
ADR BEH[ & 8 L C. micellar ADR TRHANDIRWAFR
WHERIN (K4), BT micellar ADR 13, BBEERT
EZEUDEBEABSKRCRBVTAAL TWSE T ENHER
I,

3. 3 Micellar ADR ()35 1 5 (i
Sprague-Dawley = v ;b (EEKET V) IZ, 0.1, 0.2,
04, 1.0 mg/ml ® ADR BFIZSDHBZHE L, TOH
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REHEHHBOBBEOBR 27>/ (K5), Micellar
ADR Ti, WTFNORBRE bEE RHRFE MR I L
Molz. —FH. BEENOBRBIZ DOV TIE, 0.1mg/ml D
ATIREEAERSHN 2 A, 02mg/m] ® 0.4mg/ml
THEGNR LN, ADR BEICBW TS, B>/
REMITEZRI N RN B DD, 0.1mg/ml THRERDHE
BRI Nz, HIT liposomal ADR T3, 0.4mg/ml 123
WTHRKEMOBGIT/NS <, REE b HRI N,
Jz. ZHid, ADR RURY— LM SHH I 5HEDN,
FAFI UM SEHINDEEICHA AR W8, IR
WKHEBEEZ R ERBEIND, BEL THWVE
ADR BEHZ & /20 empty micelle |3\ DHEE S,
MREEbHERI NN o 2,

INSDRERN S, micellar ADR KB % ADR DX
BEE%E 02mgm]l EREL. S ENERAOEREBEAD
FEESROMMEIT- 7=,

Micellar ADR

E4. oL EHET L COADREAE XU micellar ADRD K
VR OBERBRRER(E HAEME. 5 P ERE) .

Micellar ADR ADRMLM

0.1mg/ml
0.2mg/ml

0.4mg/ml

H5. BEORL Smicellar ADR, ADREFIDRBEIZHZD
B0,

3. 4 Micellar ADR DR IE BN R DR

&l LT PBS OB &EHRELAET Y NI, BEEMRE
BEBRIOHMAS 2IHIZRELZBEEOEZEN S K5 MR
FERMEHNZ, 2O PBS H#OFEHEEEDMKIT 169 HET
Hof. —FH,. ADREHZCEDCLDHELESY +T



13, PBS Bk D S HRAERDPHN 2 OANEL, MR EER
16 Hn 533 H, P AHEH L 19.6 H TH - 7z, Liposomal
ADR TIiZADREA LD HE L APBSICITWEERERL,
EHE4EFHEIT 166 BTHoTz.

ZHIZx LT, micellar ADR T, 11 It 2 i3 90 H
MAEFL, COFHEFEEL 36 HE. oiel & g
UTH. BIFICEDEEI RS /. Micellar ADR 2
BEL7ZZy FOBIZIZ ADR K LB EENHRI N &
M5, ADR BHICZ Z % BBB IZ X B WL HANDHTE
WHEL., IVIVAMS ADRDBPHHIN B Z LI LD HE
BESRNMEShiEEX 505,

METE (%)

Zv

/4
0 10 20 30 40 50 60 90

[EmmEko B (B)

o -
. %&_
i 5 o

a) Control (PBS) d) Micellar DOX

B6. CEDME#DOSYDERE LYK, CEDMEII EH
BiE®7EBIZTL. 0.2mg/mIDADRER &, a) CIXEH A
BELTLAN, d)TIREBBIHEEL TS,

3.5 SEOEE

BHTIINE CED BICBEHIE2 LT, kD
CED B TR &8 » TWREAD TFEHAAA O BBB T &
SRR © DFEWHEHER Z NS L, BEERKAOLH
RPN AR O TN AIEE EHRT 2 L &N TE R,
FUEHF )7 TH2 VRV —LELRT S & &HTF
VBRSO ERMMEEERL RS, FEEYRICD
WTIREERZENR SN, 23U RY — L OEYK
HEERESTFITIICHER, BnEDEI 22D L
Bbha,

EmAT I ENVIEEYF Y ) T ORKYTH S BBB DEE
BAHZEGT TR, BRERHORERHAPHAEH OB
SBHRER EORBEREELE TV, Zhs o
B, BOFIIECED BEHAEDES I EICE
D, fERD CED IETIZAWD Z EMEE L - BARES
RAFIOERR, ERICBDDLEZEFORKIR ENTEE

720, CED I AKEEDLEEEDOHREEZREARES
EHTZENTERLDIRRS, ILHEEATIBIK
BADAA—V VA7 O0—T7%2EAL CED LTS
ERXEH T, EFOLMEHERLIBRNSBREITOIZEN
nEEE RSB,

INEESTF I E CED HBEEASLENEEL
FEEEMOMNIL, fROLDICHANE L WEahs
BEHMEBEO XS REEICR L T REERARIBEE
iS55 &EEBAGNS, 4%, 70y T,
ADR 723 Th<. HORNABEHALZENTI N
DR E CED IlBIC X3RN ATEROFMMEZED TS,

(2% k]
1HEE, EHE=, AGEE, KUK, SRAER, “HBK
BT | B SAL2ERt, p.888 (2004).
2. C. 0. Noble, M. T. Krauze, D. C. Drummond, Y. Yamashita,
R. Saito, M. S. Berger, D. B. Kirpotin, K. S. Bankiewicz, J. W.
Park, Cancer Res., 66, 2801 (2006).
3.J. W. Degen, S. Walbridge, A. O. Vortmeyer, E. H. Oldfield,
R. R. Lonser, J. Neurosurg., 99, 893 (2003).
4. M. G. Kaiser, A. T. Parsa, R. L. Fine, J. S. Hall, L.
Chakrabarti, J. N. Bruce, Neurosurgery, 47, 1391 (2000).
5.G. Wu, W. Yang, R. F. Barth, et al., Clin. Cancer Res., 13,
1260 (2007).
6. S. Kunwar, M. D. Prados, S. M. Chang, et al., J. Clin. Oncol.,
25, 837, (2007).
7. M. Yokoyama, M. Miyauchi, N. Yamada, et al., Cancer Res.,
50, 1990 (1693-1700).
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SO FIEIEMR I EEHORR

1. eI

ERABEGRZENED 1 DTHS MRI (BRESEBEER)
X ROBBOIDNMEREIEOBE KL WD KE /24
BE2HT D, 2003 FIZT7 AU ADBAEFEFES (American
Society for Clinical Oncology) IZB W TR HEN/ZHAINAD
BIRZIETH 2 2 ERE SN, XK CT. BFH. PET
REEEDRBLAMRIOEERIIBES EEZ2 503,

FTOHT MRl EERE=ANTERILTSZ EidL0HA
B2EGEEDIIENTES-D. FRENEWL,

Gd-DTPA 2R D MRIEFEFNIES TILEHTH D,

BB R <, M ERHN 12 5 EERIZE N, 2
Dr®, KER, ROMEEEDL S RERFDOEAEF
FRIZ, BT 2 BBIFICANWDR I ENTES, Z0L 30
FEOBE BEAMNEDLDITARNTREZEINDIMEW
SERIL<EEICARS T, REBRIGAENOLEIE
TNz,

MRI EEHEEKNNZET D7D REHENHEFIZ
ARV LI AL NS 8EEFY VT —I2#83
BT MR EREFEBSFILTIHMET NS, BRF
ELTFFAIIRRYWL VI EITgEEEIRS
ETHMRPTORBERM ET2ZEPHEZINTY
5. BAFICEGIE 2R A3, B TFOESMEIME X
ARV DDA 21 DB OEGBIEEE D E L
THZETHS. BRAFIHASIEDIH S —DOFHIL,
BRSADMEIZIEEHGIC LN TERENE L. 20
PITVHEEZDD, WDW3 EPR $IRIZE->THE S
B - ERANERSAMBICY T 5T L TENX
BERThH%, I272L. ZhsOWETIE. o Ttot+4a7k
HEEZGL-DICKERSTRESLBELTVNS D&
i) R A

EPR ZIRIC LD BEENRANOEREZE T IEHFY
b, BRTREVABRRNERERIZIZN o T,
Weissleder 5 D7 N— 71, ®Y (L-U 3 2) I PEG #%
757 MEEERU =280 H BY = AdEk
D1, Bl & ERSAND MRI EEH D%
BEERL M, AR MR BRIEBEESh TV
W, ZOBROEER. mPHEisi i, ErRYE
EEBIENEMEMEREONABEDOEHRDIL S
ALZEBZ ENHERN oI ERERTHZ EEZ
573, MEPICBEBT2EEHE. BAEBICERL /-
BEANEDICERAE L TOBRES2RIEBT S -DIC
BONY I TS50 RERDIERER (ME) EEENA
HBOREE NN ERNKELBETH S 7=

1.1 BE9FItLE MR EEHIOEBS

FHERVPAEGE BROICERE T 28 FI0IE
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HAaE—

BERE

DFSTIVEER  BEEOEEH BEDSHFERA
AEBRIRNIZERT)  MikE%H ik AT %R

1 MREEEHO LB

MRIGEEAZRET 2,

ARV ZDLAZ 5225 MRIEEFITIH RY =y
LA EABCHEETZKFTFOTO O T) EFIFR
S EAERZRFIAL T T RAEGREZEL 2 ENTE
5, 2O, BAFILNOBEEEM., ARy
LT 2@BRTFIEINOBKERNBINEAT S & T,
AR ZD LA F > DKRGF EOMEERZLT, Bk
EERHADZENTES, ~HFTEATFI B AEE
AABRICETRL 2 RICREBEL . H R = A1 4 Ak
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LU TERIRERES T BRNAVICERRICEN T3
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KU (LU 2) PLys)HBEAENS BT O 2 IEY
X—=THV. U (L-Y>) OEEEIIcmALFL—
FETH2 DOTARZEEL. Gd 14 2RI L g%
595,

D70y 7aARYI—-2EFFIVIMEL, in vitro
B W in vivo #2175 /=,

2. SEERLHER
21 FayraRyI—DEpiLiER

BEAOZFEE DD PEG-NH, 27 =4 > ESHBR &
LTRLRS#HEEZET A 70y 73Ry v —

(PEG-PLys(Z)) %2 &% - BitR#E% L. PEG-P(Lys) %157,

BISHOY 2 ) BT 4 OEART DOTA FHEk%HA
L. BIEARY DY AGICLZERIGEBTRAF LIS
AT BEEBFE TS Ty s aRy v —
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O H
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AFx—L1

BRLUET 0y 7 2R v — OREMERI(T) % KisE
BHEEZAVWTEEL. £70v 73R T—OBREER,)
HERDIZEZB AT IZBNT5.6—7.1mM s &7z 7=,

TTIZHEEREG L2 ZOBMEEILES T MRI &%
BTHS Gd-DTPA L HBL T, 2 BEEEVWENEES
ATWS, ZNRESFIEE L Gd 14 > 00 7HES)
MMED T D Gd-DTPA DA FEHOESIITH LT, FEHIC
o< DELAEBEHFEEZ-DITKEOHEERERED

LY TH5,

22 BRFIIHAEEENEE

PEG-P(Lys-DOTA-Gd)!I DOTA HDEARIZL V., 2D
HENZSIND, DFD, AF—L1DOXHHOES
i, KUY —REANEERM E/257%8. X=DOTA E D
BICRRI T -RENEER /25, Zhicky, 2h?
KIS T O2RMOMEEHF T ZRY A 25HmML, &
UAF>2a2 7Ly 7 APIC)I N EHRS B/,

221 RYAZZ)ILERED PIC SEILDES)

WSONDRY 7= ZHNTPIC IV EHERL,
TORMBEEZRIFEL. PIC ILIVBRATE B L7, FEE
LTI, §TRIERMEEH TS PEG-P(Lys-DOTA-Gd)iZ K
UXZIINBERITFANS DHEBEEZRY 724
ELTHWTRHEIT 2L R X5 2 ) L% FH W=
BRIZ 15% DBHEEDR DR TN TN,

T THFREREHEEDERE Y =F /hF4+ 1
DREBRNSBE L7z, TORM V1 OBBICH FRIIR/NE
HZ20, BB 1UETE T,

CORFREDENIRD LM EERET LI L TRE
ZHIERITIEERL TVS ERBEIZ OV TIIZENZ
EREZEACTII RN, RO EBIT L - TR
DY BERMNE SN, BEDIF AT Ly I A%
REEESFI N EERT AL ETIE. Ry BHES
FI5 PIC S ENBRMOFBEEETERYT—I2L5
TEHRPBEEMERINE I ERERBICEZ LN, &
NIZHIEL T BRRED RERBEBEDIZS NL DBk
BN, DE DA EOHEERANEI DIZK NI ENE
HWEEZOSNS,
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T, BKEOSREBFEEDOREGERT L, BCEX%:
HBOTANTF U BHEITEL DB TR INEEEA
L 7= PEG-P(Asp-Bz) & D PIC I BIVBRRIC L 2 EMEED
REEIITRT,

#3 PEG-P(Lys-DOTA-Gd) & PEG-P(Asp-Bz)/n 5743
PIC 2 )V DFEFIEE

Run NSNAEE R
1% ImM's?
0 - 5.5
PEG-P(Asp-Bzl), Asp=22unit
1 26 4.8
2 41 54
3 79 4.6
PEG-P(Asp-Bzl), Asp=44unit
4 28 5.1
5 45 5.4
6 83 4.8

"1 400MHz (9.4T), pH=7.1-7.4.

TVANGF U BEE 2BRFL-BR. &b 5 bk
FOWERERERLU 2, PHED. BUKMESR TEMEEN T
L5EEHIT HAEEEZBENWBRTEALKZPIC 2 EILVOD
BHREDFRFFIC T /2, 2D T 3B HF I EIVAtEK
HOMRBELREREZOBRL . BAESH L 7~ Run
3, 6 &, PIC BERBREARVBDTIVIEHRLE
Runl, 4 EDOENWTH B EEZ 6N, PIC EBUkiE%EH
BIIREEIFIVINEEREIE-EENEBZI SN DM,
NIDPNEORDOICEHETNFNETHEIAFHF S
WE (Ciglas-) ZHWTRROERET 7208 MfFL-
FZEDEMBEIIF/SNT, Runl ISR/ {EMAREN D
MEEDPIC T BN ERABETH -,

INS2D0RFICL D, BAFI LI OBICENEEE
B<THZELEEREINLN, JOvr7aRyYT—LDE
BTHhEFEERE RN LH LS, LRERICBNT,
PIC B EBRAKHEDEE S ENMWA 2 2 LB E
TFRIIMBETHZ I ENHASHERS T, 5, Bk
HBRICEL > TEAITIENOBREN 7oy 7 a2y
T—D¥ENLUTICR5Z L2857,

2.3 In Vivo EipEER
2.3.1 BHFIAOMEFREDTE

ERLEBFILIOS>LEEHEHFT 2
PEG-P(Lys-DOTA-GA) & FF+ A b T Ui, LI &
BRI ZHAT 5 PEG-P(Lys-DOTA-GA) ERYFUNT I
NOERBZENETNOBAFI LN ZANTITAADE
EZfTW, MHEEEREL 7=,

9, EE® %A TS PEG-P(Lys-DOTA-Gd) & FF X k
T B O M IRE MK F T 5 Gd-DTPA IZHRT,
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&
o

Gd concentration in plasma /%
=

[]
o

o ¥
0 R @ . -
0 50 100 150 200 250 300

Time/min

4 PEG-P(Lys-DOTA-Gd)L F ¥ RAFSURBMALH B H S FS
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o). COABEREFITZ IOy 7aRYT—IT
Ty AR —BMTEHEIFILNERRTZZE
BHPSNERD, TR L> T ZERECHEE L, &
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BEHOBETREETO-D. ERICFy U7 —~DHE
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2.3.3 MRIIZ&SEHE

MRI EE R 5% ORI A% MRLIZ X > CTEHE L 7=,
MRI it 94T DRBEBO T, 1%DTV NI VKB T. 75
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2 BHOBAFIVIERELZHAICEEIEND
BN/, EEH%H 75 PEG-P(Lys-DOTA-GA)MN 572 5 8
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RFIVNERELZHEFTEIRGERICEBASIRE
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PEG-P(Lys-DOTA-GA)& R U T U INT I UM S5 EHF
TENVRERL LS RBEBAOREEEN S DI
THREERSNT, DL AFBIISOBEEZHN TV SE
FAFRZAS. ZOBDFILIOHEEL TIREVDHOD,
MAI=RUTUNT I OBEENRKERBMEL2>TY
B EMFING,

B i FE 2R TR T 2 )L B MRUEEH

24 BFIR D MRF 2R GRO 20% LU LEDHREL TS
ZENSH, TEE Axial BHEDOHOERIZ B 515 .0EANE
FIZHBSBENTWA I ERh 3R 8), TDEMITHL
B 5@EOEGREIT. 24 BEBICRLE 2 BT
mlr. ZO&EDFI B MR EEZEADOERBES 48
RETED &, 4 BREITRAEZD 48 BRI TIIRO%
55 MM COEFHBLTRUTIIORNE
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BFIEINDFY U7 —E L TOEHEZHMNANHASE
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FEEREDF I IV MRUEEH D invitro & in vivo
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W 3k 2 Tn A bR, (EREOEE. RAXS. EXEROEE, 2L TNIAIY J—ILoNA
FFA4—ENEVNDTENAF T 2 — TN EEIHERARMIETH S, L L., MEEIZEDELY 31
INTELMB T2, PRFICL OB EBBONEH. BRUBIIIZOIXNF—EHAMNE
THD, ZD®H, FH 1500 T 28X 25BN VY1 2L TERW0EE) L THEIN. X
IRIFNF—DRE EREVOHENREICRERAMEEI TS, /-, HEBIEISELBARESEV
2%, REWOHER, 752 FOMBIIINZHEHEERTE I LRTERN., BEEICKET 2R
Tt AR TELRIREIAMEEIRVEDRLZ T OEAICEZ S 2 L1, SHOLSEELZICEST.
XN HERORBICE > TAERBRETH 2, BORLEATE, 28 BNATE TESRODZN
BEROE—BEFBE—IIZOREE YT 93 —D0F—T—RTH5, 270 MIAEI DM
IARBREBYDSBREIND DR M —BBEOANFEEZEELERES | m BEOH—FRL Y
—FTRRENDBTEIN T 7 AR =R, N1 F T2 —TIINETENCEER{LEEREO 4
EZEHTEFME - 7O E284EL, TOERLTZIEZENELTVS, $. LREMENS
FLLWRIE, BERRICEED B FEME - HEZ284£T2 2L AT 0027 FOBBO—DTH S,
25T, FEMRERICHRIRTEATITR<ERORBCENMHASEEDCY ) a2~ a3 EDHD 2
EHETOTz ) NOBERBMTH S,

1. FR9FEROHEEHN H5.

T02zy MIEETH DR 19 FEE. (1) Bk (1) BSMRICLS N O-20METOEERORER
KE2eNn—A0Be7 0t A0ESR. (2) S A7V MBITSHT(2) BEEEMBEORI4:) &1 (3)
DORIE. Q) BHMECRE 7O A0 2 BEREH L BAMEORE T O ADHE )] LEHETIIEITLD,

L TR EED .,

(1) BEREIC L3N O0-20B{E7ORDRR
=R ER-2Z L BEhEMEERVWTNI T
) —NVREOF—F7 /0T —TH3)a—ADE
LERBRT 2, Ml - SREERB L. EHWERS
DERAEZRET 5. TR 19 FE TIIHERRBEED 30% L
toEEETEGMBORBEEEEST S,

(2) EHRAEMRE D4

Javxr refillichbiz o> T RSO
FHBEOR N, BEERICKZH—R > RMEOBEN%,
kR DEBIIT X 0 ERIRYE - B ERAIEZEIKT 5.
(3) MR ONE 7O DML

F1—R 2 ER- LB OABEE 0t 2
EHENLT D, MIRERRENSZIT TR, BAM, B
BEEY. EEXREVMERME L -HEEMEOSEZ B
89, £ ERICMEERKEBEETAILICESTT
O ADKEEHADZE. BREISEADY > FIVitE,
ARG EIT/R D, K 19 EE TIIEMER K 2k &
U, I X TS0 W0gbl DA —R 2 RfsE 70
TAOHLEBEET S,

2. FRISFEOMAMR
PUITIET 20, TR 19 FEORKHRHRRRT

T O—RAZRIETESMEOHE. BIUOZOMEOH
REBRABICRETZS 70 A 08IHICKRIIL /=,
BRREL7Z2EN O -2 2 REFRE TANKLETSZ
ERE> THZREFAEMEEBEICARTES Z LAA
e, TL T BoRbRE. 2VRbEREt25EL
THZEIEDENO—- A EHBMITHEILTE SMGE
BETAZELIZRYLE, ZOMBEOBEEAKERK 112
KT, TOMEHIZIREDMIC 7 =/ — itk H
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t 3
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QT
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before reaction during reaction at 100 °C after reaction for 3h

S
| saccharide TR
It | solution B

carbon catalyst =
ys i

i
distilled water |:>
cellulose !

= carbon catalyst

B2 h- Ko rE48EMEERN IO -XOBLRE

IRBTENT 7 AI—FRTHO. NV 7 RNEIZEAED
BESLUT Y RNERORAB NNV IAHBORIGEEL
THRATES ZEMHS RN, ZOfEE AW
O — ZBERISE DR RE K 2 1R T RBREITK, flflt.
#HREELD-2 2 AN 100CITHRAT S L, RNES
BORREEIL O— IIHR L . il & KERO B H5% S
ZEER2ITRLTEY, ZOKSFKIZIZEILO—Z20Om
KOBIZE > TERLEZIa— R LkEsEA ) TEs
BRLTWAZEMER SN, RIGE., MEiIngds
e, BKBREBBIZHBETES, ZORINIBEEDE
AEBEMETIIEZS T, IR REGBOIMMMBETE S
RIETH 5. 128, H—F o FEKBHEEET TORIL
O—ANSTNIA—-2A 24 RT2RIEDEEILTRINE
—13 110 kJ mol! & BEE® SN T DIEIIHRRE &l &
L7z BBERHTORBEDOEEL T FIVF— (170 kJ mol™)
KO ONEL, - RERBREMES LD
— AR EME S Ll o208l 0%
WTHDIEMHESMIIR- T, ATOD 7 N TIER
19 FEICHREMIER D 30% LA LOWiE%EE 9 2 Bk
ZHRFEL. TR EETEZTOMEZRERO 0% TL
5 Z EEFEL TV, KIBIZHIE L THEBRRENTE
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Acid density Maximum Surfacearea  Rate of glucose

-1
Catalyst  nmolg?) acidity (Ho) (m’g?) formation (umot 1y TOF &)

Carbon catalyst 154 E~11 3 87.0 0282
Nafionsiica 012  -11~13 344 47 0.196
Amberlyst-15 48 2.2 50 275 0.029
NafionNR50 0.9 11~13 <1 259 0.144
niobic acid 04 -56 128 51 0.064
H-mordenite 152 56 360 0.6 0.002

FGGH K 010g #REA—X, 012 K, 0.70 g RIS RE, 90C
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2.1 H—ROREEMME

H— f>¥E¢$MHutwu A% 400CT1h N,
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%iﬁwl.anf?)SMTtmﬁﬁwamb i
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KT, KEEDFFEAELTOBRBRIIRATH, B
I CERNICIE T R X BREHT, C-CP/MAS-NMR,
IR KDS, H—FR O REFREIIAES 2om REO
o7z = RABCESLAETEN T A —R
CTHY, TOT 71— MIRAINEEBEOM,
IR EE, 7z /) —IHKBEMESL TWEZ &N
HENIRoTNENY, ZHFNOEEIZ1.6,08,50m
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2.2 EIO-A%EL

BYEL =B E M RISASR (90ml) 2V, &
# (Box-Behnken E®) IZX VIERL == DO REEHH
(Exp. No. 1-15; 16-30 in Table 1) IZREVWEEZfT> /. JA
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Nn—2g, KEBLIUEBEEZR LT, RbEE
PREVEZEZOSNARBEEEHHOEEIZIDNTIE
TITRERLZL., TOMOLKE, MKE By , BE
(100°C) BL UM 3h) WB—E & L7z, BERIbE,
BLOBICEOBABRESRREI OSSN 5T 40—
L0 LTz, TOER, KODZWEHITBWTES
RERMIFEZR N, ERERMIIF N I—-AB LN
FVIETHo 7. 4V TEITEERE 121 °C T 1 Bl 4%
(wiw) FREEHICTIKRAREITD Z&IckD, RS
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Table 1. Box- Behnken design arrangements, responses, data for

modeling by artificial neural-networks and validation test.

Cellulose, Water, Speed, Coded Coded Coded Oligosaccharide,

Exp. No : ml xpm  celllose  water speed mg Glucose, mg
T 3000 700 300 1 1 3 0.10 1245
31 1625 700 100 0 1 1 7.00 8.75
3 3000 400 100 1 0 1 65.40 69.00
4 1625 100 100 0 e 1 5107 8.63
5 0625 400 300 0 0 0 632 60.54
6 3000 100 300 1 4 0 9255 1n
% 7 0250 100 300 4 0 15.52 ess
oy o0 400 100 0 1 am 6.37
§ 9 0250 400 500 -1 0 1 5.35 7.66*
10 1625 400 300 0 0 0 3701 5247
1 020 700 300 - 1 0 162 198
12 3000 400 500 1 0 1 s2.08°  69.08°
13 1625 100 S00 0 1 1 93.47 2034
14 1625 700 S0 0 1 1 1012 1050
15 1625 400 300 0 0 0 3001 4236
16 3000 225 s00 1 0 1 3226 m24
17 0250 050 400 -l 1 0 572 108
18 0250 225 500 -l 0 1 1624 22.00¢
19 1625 225 40 0 0 0 96.78 90.82
0 3000 225 300 1 0 1 16442 10704
L 2 00 225 300 0 1 15.69 21.08
T o2 1es 400 300 0 1 1 13.16 2124
5 13 Les 225 40 0 0 0 10207 80.36
5 o sow 400 a0 1 1 0 2747 3326
5 165 050 00 0 1 1 3626 937
% 165 050 300 0 1 1 2019 3.65
27 15 400 500 0 1 1 1489 214
8 3000 050 400 1 1 0 3302 5.60
% 1exs 225 400 0 0 0 95.02 77.06
30 0250 400 400 - 1 0 302 294
31 0900 375 370 785 1292
320900 100 370 33.04 8.40
33 0500 200 450 35.80 33.69
£ 34 2000 100 400 83.86 213
§ 35 2500 070 37 4395 1041
S 36 250 180 425 11957 83.19
37 2800 225 308 156.12 12016

“ outlier in the modering by neural network
® outlier in the analysis of wide range experimental design

¢ outlier in the analysis of narrow range experimental design



Table2. Regression coefficients and coefficient of determination of

predicted quadratic polynomial models.

Wide range Narrow range

Regression coefficient Oligosaccharide, Oligosaccharide,

Glucose, mg b Glucose, mg h”!

mgh?! mgh'!

Water -0.693 " 0.075 0.075 0.139
Cellulose 0.543 0.182 0.162 * 0.306
Speed 0.097 0.099 0.033 0.178
Water * Cellulose 0.330 * 0.019 0.008 0.086
Water * Speed -0.165 0.062 0.041 -0.019
Cellulose - Speed -0.058 0.443 ° £.652 -0.191
Water ~ Water -0.006 0778 * £.799 -0.870 **
Cellulose ~ Cellulose -0.145 0.153 0.064 -0.018
Speed * Speed 0.066 -0.087 -0.023 0.021
R? of the model * 0951 0974 * 0.995 ™ 0941 *
Significance levels of 5% (*). 1%(**) and 0.1% (* **) in two-side ¢ test
* Significance levels of 5% (*). 1%(**) and 0.1% (***) in F test
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Figure 1. Performance map for transformation ratio of (a)

oligosaccharide and (b) glucose.
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%, BREBEEERIC, U TEEKE Leml OXRETE
RIB-BIZKE 25 ml £ TMAEGIZIKIES T
70V AEBET S ENTENDL, BEREAEIZLD
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T O ARREF IR BEEAED 5, FREEEL T O
T ADEEZDAFTL TEDH TN,

KAST ERI19EEMRBIE 2008.7.3

o
<
T

&
=

9

Q

3

S
=
©

Product, mg

ulucose
alucose

Solid acid

(1.6 ml water)

Solid acid
(2.5ml water)

H,S0,
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(25 3]
(1) Hara, M., et al., Angew. Chem. Int. Ed., 2004, 43, 2955.
(2) Okamura, M., et al., Chem. Mater., 2006, 18, 3039.
(3) Box, G E. P; Behnken, D.W., Technometrics, 1960, 2, 455.
(4) SAS Institute Inc, SAS Institute Inc., Cary, NC, USA, 2007,
565.
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Arata Aota, Masaki Nonaka, Akihide Hibara, Takehiko
Kitamori

Countercurrent Laminar Microflow for Highly Efficient
Solvent Extraction

Angewandte Chemie International Edition, 46(6), 878-880
(2007)

Yo Tanaka, Kae Sato, Tatsuya Shimizu, Masayuki Yamato,
Teruo Okano, Takehiko Kitamori

A micro-spherical heart pump powered by cultured
cardiomyocytes

Lab on a Chip, 7(2), 207-212 (2007)

Adelina Smirnova, Kiyohito Shimura, Akihide Hibara,
Mikhail A. Proskurnin, Takehiko Kitamori

Application of a micro multiphase laminar flow on a
microchip for extraction and determination of derivatized
carbamate pesticides

Analytical Sciences, 23(1), 103-107 (2007)

Takehiko Tsukahara, Akihide Hibara, Yasuhisa Ikeda,
Takehiko Kitamori

NMR Study of Water Molecules Confined in
Extended-Nano Spaces
Angewandte Chemie International Edition, 46(7)

1180-1183 (2007) (Highlighted in the inside cover)

Arata Aota, Akihide Hibara, Kyosuke Shinohara, Yasuhiko
Sugii, Koji Okamoto, Takehiko Kitamori

Flow Velocity Profile of Micro Counter-Current Flows
Analytical Sciences, 23(2), 131-133 (2007)

Yo Tanaka, Yuji Kikukawa, Kae Sato, Yasuhiko Sugii,
Takehiko Kitamori

Culture and leukocyte adhesion assay of human arterial
endothelial cells in a glass microchip

Analytical Sciences, 23(3), 261-266 (2007)

Makiko Goto, Takehiko Tsukahara, Kae Sato, Tomohiro
Konno, Kazuhiko Ishihara, Kiichi Sato, Takehiko Kitamori
Nanometer-scale Patterned Surfaces for Control of Cell
Adhesion

Analytical Sciences, 23(3), 245-247 (2007)

Shinichiro Hiki, Manabu Tokeshi, Masaya Kakuta, Kazuma
Mawatari, Yoshikuni Kikutani, Kiichi Sato, Akihide Hibara,
Kiyohito Shimura, Naoyuki Uchida and Takehiko Kitamori

10.

11.

12.

13.

14.

15.

16.

Highly Sensitive Detection of Non-Labeled Peptides Using
UV Excitation Lens
Chromatography

Bunseki Kagaku, 56(1), 1-8 (2007)

Thermal Microscope/Liquid

Yoshitaka Akiyama, Keisuke Morishima, Atsuna Kogi,
Yoshikuni Kikutani, Manabu Tokeshi, Takehiko Kitamori
Rapid bonding of Pyrex glass microchips

Electrophoresis, 28(6), 994-1001 (2007)

Y. Takahashi, M. Nakakoshi, S. Sakurai, Y. Akiyama, H.
Suematsu, H. Utsumil, and T. Kitamori

Development of an NMR Interface Microchip “MICCS” for
Direct Detection of Reaction Products and Intermediates of
Micro-syntheses Using a “MICCS-NMR”

Analytical Sciences, 23(4), 395-400 (2007)

Go Takei, Mari Nonogi, Akihide Hibara, Takehiko Kitamori
and Haeng-Boo Kim
Tuning microchannel wettability and fabrication of
multiple-step Laplace valves

Lab on a Chip, 7(5), 596-602 (2007)

Arata Aota, Akihide Hibara, Takehiko Kitamori

Pressure Balance at the Liquid-Liquid Interface in Micro
Counter-Current Flows in Microchips

Analytical Chemistry, 79(10), 3919-3924 (2007)

Kenji Katayama, Yoshikuni Kikutani, and Takehiko
Kitamori

Flow Velocity Detector in a Microchip Based on
Photothermally Induced Grating

Analytical Sciences, 23(6), 639-643 (2007)

Kiyohito Shimura, Yutaka Koyama, Kae Sato, and
Takehiko Kitamori
On-Chip  Connector Valve for  Immunoaffinity

Chromatography in a Microfluidic Chip
J. Separation. Science., 30, (10) 1477-1481 (2007)

Makiko Goto, Takehiko Tsukahara, Kiichi Sato, and
Takehiko Kitamori

Micro- and nanometer-scale patterned surface in a
microchannel for cell culture in microfluidic devices
Analytical and Bioanalytical Chemistry, 390(3), 817-823

(2007)

Ryo Anraku, Takahiro Asai, Kenji Uchiyama, Akihiko
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Hattori, Manabu Tokeshi, Takehiko Kitamori
Simulation Examination for Multilayer Flow System
IFMBE Proceedings, 14(5), 318-320 (2007)

17. Kihoon Jang, Kae Sato, Kazuyo Igawa, Ung-il Chung, and
Takehiko Kitamori

osteoblast-based 3D

microfluidic

Development of an
continuous-perfusion system for drug
screening

Analytical and Bioanalytical Chemistry, 390(3), 825-832

(2007)

18. Kenji Katayama, Uchimura Hisato, Hitomi Sakakibara,
Yoshikuni Kikutani, and Takehiko Kitamori
In situ microfluidic flow rate measurement based on
near-field heterodyne grating method
18. Review of Scientific Instruments, 78(8) 083101
(2007)

19. Kazuma Mawatari, Shun Kubota, and Takehiko Kitamori
Circular Dichroism Thermal Lens Microscope in UV
Wavelength Region (UV-CD-TLM) for Chiral Analysis on
Microchip
Analytical and Bioanalytical Chemistry, in press (2008)

20. Yoshikuni Kikutani, Kazuma Mawatari, Kenji Katayama,
Manabu Tokeshi, Takashi Fukuzawa, Mitsuo Kitaoka, and
Takehiko Kitamori
Flowing thermal lens micro flow velocimeter
Sensors and Actuators B:
doi:10.1016/j.snb.2008.02.001 (2008)

Chemical,

21. Yo Tanaka, Kae Sato, Tatsuya Shimizu, Masayuki Yamato,
Teruo Okano, Ichiro Manabe, Ryozo Nagai, and Takehiko
Kitamori
Demonstration of a bio-microactuator powered by vascular
smooth muscle cells coupled to polymer micropillars
Lab on a Chip, 8(1), 58-61 (2008)

22. Ryo Anraku, Kazuma Mawatari, Manabu Tokeshi,
Masatoshi Nara, Takahiro Asai, Akihiko Hattoril, Takehiko
Kitamori
Numerical analysis of thermal lens effect for sensitive
detection on microchip
Electrophoresis, 29(9), 1895-1901 (2008)
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1. BEMR, tHRBE
RMERD NE
FABEESFHRM, 7 BS. p350-355(2007)

2. REMR, tREBLEFERLA-IIFEFELTE
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2ary T7xaN—TII73¥%1 ( BFLES ) (2007).

3. Yo Tanaka, Kae Sato, Tatsuya Shimizu, Masayuki Yamato,
Teruo Okano, Takehiko Kitamori
Biological cells on microchips: New technologies and
applications
Biosensors and Bioelectronics, 23(4), 449-458 (2007)

4. EBEL BHTBEB, LRRE
MRERLI o0 FT/LEFYTS
S FHBAR,. 7(1). p3-9(2008)

[#8]

1. Kazuma Mawatari, Takehiko Kitamori
Detection using thermal lensing
Encyclopedia of Micro- and Nanofluidics

[(BERR]
. Takehiko Kitamori
Strategy and Method for Construction of Micro-Nano

1

Chemical Process on Microchip
MRS Springer Symposium, 2007 £ 4 B 11 B, USA

2. tHRE
RA4o0 +/HLESZATFLAONA AERAOSHE
BILONOZOAMEHTESR, 2007 4 B 16 B,
BRELE (T7R)

3. RBRWHE
X400 F/ Flko e i
(# )BXLRZLRBIBETFHARE T + —3 £L.,2007
F4R208,. BHEBASORSAVER-)

4. Takehiko Kitamori
Keynote lecture:Micro and nano chemical systems on chips
for analytical and biological sciences
Pharmaceutical Science World Congress(PSWC2007) ,
2007 % 4 A 25 H, The Netherlands

5. JE/RRE
FI/FYTERE 46 QEAXREKEIFSKES, 2007
48278, WAEERE 22—

6. Takehiko Kitamori
u-TAS TPC meeting, 2007 £ 5 B 4-5 B, Gordes, France

7. tFHRRE
AmAREIRTI—o3v 7, 2001 F 5 B 23251,

Stockholm, Sweden

8. ItHRE
TENEEALE, 2000 FE 5831 B68208, MY
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

T2 RETIL

IEHBRE
EERKRFERE . £EoLE, 2000FE 6 88H,
REREEREH

Takehiko Kitamori
Plenary: Micro and Nano Chemical Systems on Chip
Transducers'07, 2007 &£ 6 A 11 B. France

Takehiko Kitamori

Keynote lecture: Extended-Nano chemical system on chip
31st international symposium on high performance liquid
phase separations and related techniques (HPLC2007),
2007 ¥£ 6 B 19 B. Belgium

Takehiko Kitamori
Unilever Zif8. 2007 ¥ 6 B 20 B, London, UK

Takehiko Kitamori
Advisory: Extended-Nano chemical system on chip
International Conferenceon Materials for Advanced

Technologies 2007 (ICMAT2007), 2007 & 7 A 2 H.
Singapore

tHFRE
KASTHEHE, 2007F7HA10H. KSPHR—J

EHRE

RA208&F /LEFY TORB-FLLBREEERE
oYv—)

IR, 200757 A 11 B, REKXERGF YN
A

EHRRE
DrPD RERH IS, 2007 £ 7 A 26 B, REKXFEXRHF
2 IAW S

Takehiko Kitamori
ACS meeting, 2007 £ 8 A 16-18 H. USA

tEHRBE
NEBER S/ FOHI—AT7—),2007 & 8 A 26-27
B, BtEEWHEE 52—

tHRBE
WEIATIPLA, 200758 B29-31 B, BRXY
t

Takehiko Kitamori
Special lecture: Extended-Nano Chemical System on Chip
The third International

Forum on Post-Genome

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Technologies (IFPT 2005), 2007 ££9 B 11 H. China

Takehiko Kitamori

Keynote lecture: Single molecule detection and counting by
Thermal Lens Microscope and Extended-Nano Channel on
Chip

35th Colloquium Spectroscopicum Internationale (CSI
XXXV), 2007 £ 9 A 23-27 B, Xiamen, CHINA

Takehiko Kitamori

The 11th International Conference on Miniaturized Systems
for Chemistry and Life Sciences (4 TAS 2007), 2007 ££ 10
B 7-11 B, Cite des Sciences et de Industrie, FRANCE

LHERE

RA400 T /EATLOBRREBE

SR SiHESs YT AO—)L, 2007 E
10 B 12 B, PRAZETAESE

Takehiko Kitamori

Plenary: Nano Fluidic Systems on Chip and Application to
Chemistry and Bio-technology

First Shenyang International Colloquium onMicrofluidics
(SICOM Iy, 2007 £ 10 B 21-24 B, Shenyang, CHINA

IAHRRELE 16 BLEEIA VDO F /3 AT LTS,
2007 ££ 10 A 29-31 A . ERHNRBEWRA 2 <EWH
Kt m—

Takehiko Kitamori

Nanochemical system on chip

CNSI Symposium on NanoBiotechnology, 2007 £ 11 A
1-2 B. UCLA, LosAngeles, USA

A/BES AXY VAL THEE, 2007 F 11 A5 B,
XY DA
RA4AoOQFvTEeENA AW

EHRRE

XA 700 SHEET /ZELED AT ALANBRESLE
R, 2007 F 11 A6 B, RFEHBBEREHRMAFzE L
9_
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200711 B9 B, ALY LI AN~

LtHBRE
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—H—-—XZ-F17,2007F 11 B2728 B, REKX
FRAXRAE)L
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32.

33.

34.

35.

36.

37.

38.

39.

40.

EHRRE
LR VRIDA, 200012 A5, ERA%

EHRRE

A0 F/HEEDATAILE D ERTEEH
VINNOVA S mMEBERMEmtzIF—, 2007 £ 12 A
12 8. REKR¥

LEHRE

K SHEORMRELRY

KAST 3 &M/, 200712 B 12 8, by aT
AN—Y

tHRBE
TENTIHRRES. 2007 FE 12 A 13-14 B, HEXE
RERE

Takehiko Kitamori

Keynote lecture

Singapore International Chemistry Conference 5 (SICC-5)
and 7th Asia-Pacific Symposium  on
Microscale Separation and Analysis (APCE 2007), 2007 §
12 B 17-19 B. Suntec Singapore International Convention
and Exhibition Centre, SINGAPORE

International

Takehiko Kitamori
Nanyang Technological University 358, 2008 ££2 B 19
H. SINGAPORE

Takehiko Kitamori

UNSW INTERNATIONAL RESEARCH WORKSHOP,
2008 £ 2 A 20-22 A, The University of New South Wales,
Sydney, Australia

Takehiko Kitamori

Keynote lecture

Pittcon 2008,2008 £ 3 B 2-7 B.New Orleans, Louisiana,
USA

Takehiko Kitamori
Keynote lecture : Extended-Nano space for analysis at
single moleucle level

22nd  International  Symposium on  Microscale
Bioseparations (MSB2008), 2008 £ 3 A 9-13 B, Berlin,

GERMANY

Takehiko Kitamori

Extended Nano Space for Analysis at Single Molecule
Level

Seminar at Institute for Analytical Sciences (ISAS). 2008
#3 A 14 A. Dortmund, GERMANY
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41. Takehiko Kitamori

IBM Watson Research Center 58, 2008 ££3 A 20 H.
IBM Watson Research Center, USA
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Go Takei, Arata Aota, Akihide Hibara, Takehiko Kitamori,
Heang-Boo Kim

Phase Separation of Segmented Flow by the photocatalytic
Wettability Pattemning and Tuning of Microchannel Surface
The 11th International Conference on Miniaturized Systems
for Chemistry and Life Sciences (uTAS2007), 2007 £ 10
B 7-11 H, Cite des Sciences et de Industrie, FRANCE

Yasuhiro Uozumi, Yoichi Yamada, Tomohiko Beppu,
Naoshi Fukuyama, Masaharu Ueno, Takehiko Kitamori
Instantaneous Carbon-Carbon Bond Formation Using a
Microchannel Reactor with a Catalytic Membrane

The 11th International Conference on Miniaturized Systems
for Chemistry and Life Sciences (1TAS2007), 2007 £ 10
B 7-11 B, Cite des Sciences et de Industrie, FRANCE

Akihide Hibara, Mari Nonogi, Takehiko Kitamori
Microchip Titration by Utilizing Laplace Valve

The 11th International Conference on Miniaturized Systems
for Chemistry and Life Sciences (uWTAS2007), 2007 £E 10

15. AR, EHRRE. FEC B 7-11 B, Cite des Sciences et de Industrie, FRANCE
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24.

25.

26.

Go'ransson, Jonas Jarvius, Takehiko Kitamori, Mats
Nilsson

Single Bacterial DNA Detection Using Rolling-Circle
Amplification In Microfluidic Chips

22nd  International ~ Symposium on  Microscale
Bioseparations (MSB2008), 2008 £ 3 A 9-13 B. Berlin,

Germany
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Highly Ordered TiO, Nanotube Arrays with Controllable Length for
Photoelectrocatalytic Degradation of Phenol

1. Introduction

Since the first report on photo-splitting of water on a
single-crystal TiO, electrode by Fujishima and Honda !,
extensive research has shown that TiO, is an excellent
material for photodegradation of organic pollutants in
water. > While many of such studies have been carried out
on suspended or immobilized TiO, materials by
photocatalytic (PC) means, there has been great interest
in the photoelectrocatalytic (PEC) degradation of organic
pollutants with TiO, nanoparticuate films immobilized
on conductive substrates. In the latter case,
photogenerated electrons can be effectively extracted to
the outer circuit by applying a positive bias across the
TiO, film, which results in the improved separation of
photogenerated electron-hole pairs and the better use of
photogenerated holes. TiO, particulate film made of
three-dimensional ~ networks  of  interconnected
nanoparticles shows a porous surface and a quite large
surface area. However, the kind of film suffers from the
structural disorders and vast grain boundaries, which
bring obstacles to the electron transport and affect the
charge separation efficiency. These drawbacks make the
TiO; particulate film far from an ideal PEC material, and
restrict its application in PEC process.

It has been reported that highly ordered TiO, nanotube
arrays with a large internal surface area can be
conveniently prepared by a potentiostatic anodization of
Ti foils.*® Resembling with a perpendicular ZnO
nanowire structure, the ordered nanotube architecture is
possible to provide a unidirectional electric channel for
‘the transport of the photogenerated electrons. Therefore,
TiO, nanotube array seems to be a good PEC material for
water purification applications. Some reports have
concerned on its potential application as an electrode
material for PEC degradation of organics pollutants.
However, no information was available about the
dependence of the PEC activity for degrading pollutants
on the length of the nanotube arrays. In this paper, we
investigated the PEC degradation of phenol using highly
ordered TiO, nanotube arrays with controllable length,
and studied the recombination effects in the long
nanotube arrays. It was found that the present nanotube
array displayed a remarkably improved PEC activity
comparing with a P25 particulate film.

1.1 Preparation of the nanotube arrays. Highly
ordered TiO, nanotube arrays were prepared by a
potentiostatic ~ anodization in a two-electrode
electrochemical cell. A 0.25-mm-thick titanium foil with
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a size of 1 cm x 5 cm (99.7%, Adrich) was used as a
working electrode and a platinum foil with a size of 2 cm
x 2 cm served as a counter electrode. The interval
between working electrode and counter electrode was
about 2 cm. The voltage was applied by a DC power
supply (Model E3612A, Agilent Technologies). A short
TiO, nanotube array was formed by anodizing the Ti foil
in 40 ml of 0.5 %wt HF solution (Wako chemicals) at 20
V for 20 min, same with the reported method. >* The
length of the nanotube array could be increased to over
ten micrometers at same applied voltage by using 40 ml
of organic electrolyte, which showed a dependence on
the anodization time. The present organic electrolyte was
0.27 M ammonium fluoride (97.0%, Wako chemicals) in
formamide (98.5%, Wako Chemicals) containing 3 %
volume Milli-Q water, similar with the report of Grimes
et al. with only a slight change of water content. >’
Broken nanotubes and other debris were formed
generally on the surface of the nanotube array, which
could be removed by washing the samples in the
isopropanol (Wako Chemicals) ultrasonically. The
crystallization of TiO, was realized by annealing the
as-prepared film at 500 °C under air ambient for 3 h.

1.2 Photoelectrocatalytic Experiment. The PEC
degradations of phenol were carried out in a standard
three-electrode configuration with a Pt rod counter
electrode and a saturated Ag/AgCl reference electrode.
The working electrode was the TiO,-nanotube-array or
TiO,-nanoparticle on titanium foil with a geometric area
of 1.9 em”. A copper wire was attached on the backside
of the titanium foil using conductive paste (D-550,
Fujikura Kasei Co. LTD). The exposed titanium foil and
copper wire were insulated by epoxy resin. The applied
positive bias was supplied by a Hokuto Denko HZ-5000
potentiostat. A 70-mL portion of phenol (Wako, 99 %)
solution with a concentration of 20 mg/L was used as
initial solution. 0.01 M Na,SO, (Kanto Chemical Co. Inc)
was used as supporting electrolyte. Irradiation of the
working electrode by ultraviolet light (UV) from the side
of TiO, was carried out through a quartz-window with a
mercury-xenon lamp (Hayashi LA-310UV-1, wavelength
range of 250-450 nm). The irradiance of the UV light on
the surface of electrode was about 3.1 mW/cm® measured
with a power meter (Hamamatsu Photonics, C9536-01).
Before PEC degradation, the working electrodes were
illuminated under air ambient by the UV light for 30 min
to clear ubiquitous organic pollution on the surface, and
then put into the target phenol solution with a vigorous

—106 -



stirring. After adsorption for 15 min, the concentration of
phenol did not show a decrease, and then the UV
illumination started. The concentrations of phenol at
appropriate intervals were measured by HPLC using a
Shimadzu L.C 2010 instrument, equipped with an Ultron
VX-ODS column. The detection with UV absorption was
performed at 210 nm. The mobile phase for HPLC was a
mixture of water and acetonitrile (Wako, HPLC) in a
ratio of 40:60 (v/v). Anodic photocurrent responses
during PEC degradation of phenol were recorded by the
Chronoamperometry (CA). For comparison, we also
measured the anodic photocurrents of the TiO, electrodes
in 0.01 M Na,SO; electrolyte without phenol.

2. Experiments and Results

Figure 1 To view and cross-setional images of TiO; nanotubes
arrays prepared by anodizing Ti foil at 20 V in 0.5 % wt HF solution
for 20 min (a, b), formamide-based electrolyte for 1 h (¢, d) and
formamide-based electrolyte for 6 h (e, f).

Figure 1 shows the cross-sectional and top view images
of the TiO, nanotube arrays prepared in different
electrolytes. In 0.5 %wt HF solution, a titanium foil is
anodized at 20 V for 20min, resulting in a nanotube array
with a length of about 0.21 um, a tube outer diameter of
about 80-100 nm and a wall thickness of about 14 nm.
The length of the nanotube can not be increased by
prolonging the anodization time, due to the equilibration
between the field-assisted dissolution and chemical
dissolution of TiO,, as reported by Grimes et al.
However, in a formamide-based electrolyte, after the
titanium foil is anodized at 20 V for 6 h, as shown in
Figure ! e and f, we can get a regular and well-aligned
nanotube array with a length of about 17 pm, an average
tube outer diameter of about 100 nm and a wall thickness
of about 8 nm. By changing the anodization time, the
nanotube array with a length of 4 pm and 12 pm can also
be fabricated. The cross sectional images indicates that
the nanotube arrays are highly ordered, and
perpendicular  to the titanium  substrate. The
crystallization of nanotube arrays are anatase TiO,
confirmed by XRD measurement.
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Figure 2. (A) The variation of the phenol concentration in PC
process (a), PEC process at +0.6 V bias (b) and electrochemical
process at +0.6 V without UV illumination (c) for a 12
pm-long-nanotube array. (B) The dependence of In (Cy/C) on
reaction time t in PC (a) and PEC (b) process.

We investigate the PC and PEC degradation of phenol by
a TiO, nanotube array with a length of 12 pum, and
studied the role of the applied positive bias (Figure 2).
The PEC degradation is carried at +0.6 V versus the
Ag/AgCl reference electrode. Figure 2 A indicates clearly
that PEC process is much more effective for phenol
degradation than the PC process. As shown by the HPLC
spectra, some intermediates are produced by the
degradation of phenol, which result in three new peaks in
the HPLC spectra with retention time of 2.75, 2.88 and
3.28 min. Several studies > '* have reported that the main
intermediates products in the photocatalytic phenol
degradation by TiO, are benzoquinone, hydroquinone
and catechol. Figure 2 B indicates that the initial
degradation of phenol in both PC and PEC processes
follows the quasi-first-order-type kinetics, as evidenced
by the linear plot of In (Co/C) versus reaction time t in
min. Here, C, is the initial concentration of phenol, and C
is the concentration of phenol after reaction for t. The
initial rate constant (k) for phenol degradation in PEC
process is 0.215 h™', which is twice as much as that in the
PC process (0.100 h™"). It should be noted that the applied
+0.6 V bias is lower than the oxidation potential of
phenol, and no electrochemical oxidation contributes to
the degradation of phenol, as evidenced by the constant
phenol concentration in the electrochemical process at
+0.6 V without UV illumination (Figure 2). It is
reasonable to conclude that the improved activity in PEC
process results from an effective electron-hole separation
by the applied positive bias, which forms an electric field
within the TiO;, nanotube arrays and makes the
photogenerated electrons and holes diffuse in reverse
directions.

Figure 3 shows the PEC degradation of phenol by the
nanotube arrays with length of 0.21 pm, 12 um and 17
um. The plot of initial rate constant vs. the length of
nanotube arrays is also provided. It is surprising that the
increased length of nanotubes array does not increase,
however, reduce the PEC activity. The nanotube array
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Figure 3. The variation of the phenol concentration in PEC
degradation at +0.6 V bias by the nanotube arrays with lengths of
0.21 pm (a), 12 pm (b) and 17 pm (c). Inset: The initial rate
constant (k) vs. the length of nanotube arrays.
with a length of 0.21 pm shows a highest PEC activity
with an initial rate constant of 0.298 h™'. The 12-pm-long
nanotube array, which is about 60 times as long as the
0.21-um-long nanotube, only shows an initial rate
constant of 0.215 h™'. Increasing the length of nanotube
array to 17 um further reduces the initial rate constant to
0.156 h', which is only one half of that of the
0.21-pm-long nanotube. The dependence of the activity
on the nanotube length in PEC process is exactly
contrary with that in PC process. In the PC degradation
of phenol by the nanotube arrays, the increased length
improves the activity greatly, and till to a saturated
capacity. The initial rate constants for PC degradation of
phenol by the nanotube arrays with a length of 0.21 um,
12 pm and 17 pm are 0.041 h”', 0.100 h! and 0.097 h™
respectively. The increased length of the nanotube arrays
favors the light trapping, which results in more
photogenerated charges and an enhanced PC activity.
The saturated PC activity can be explained by
considering the saturated light trapping by the nanotube
arrays and the limited diffusion distance of the phenol
solution into the nanotube arrays.
However, in the PEC process, the applied positive bias
plays a more important role on the phenol degradation
than the light trapping. Although the increased length of
the nanotube arrays will generate more photogenerated
charges by the UV light; at the same time, it will also
increase the recombination between electrons and holes
greatly. Two possible reasons can be ascribed to the
increased recombination effect. The first one is that the
increased length will increase the resistance of the TiO,
film, which reduced the intensity of the electric field
within the TiO, film under same applied bias. This weak
potential gradient will degrade the charge separation, and
increase the charge recombination. The second one is that,
in a long nanotube array, the photogenerated electrons
will track a long distance through TiO, nanotube to the
outer circuit, which will increase the probability of the
charge recombination.
We compare the PEC degradation of phenol by a
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12-um-long nanotube array and a 9.3-um-thick P25 TiO,
film with same geometric areas. The P25 TiO, particulate
film was deposited on the titanium foil substrate by
doctor-blade method using slurry of 20 % P25 TiO; in
ethanol, similar with the reported method, however,
without a post treatment of pressing. The as-prepared
film was reinforced by annealing at 500 °C under air
ambient for 3 h, same annealed conditions with nanotube
arrays. As shown by the image of surface, the P25 TiO,
film is unorderly and porous, consisting of randomly
packed and interconnected TiO, nanoparticles with a size
of about 25 nm. A similar porous TiO, particulate film
has been used for PEC degradation of 4-chlorophenol by
Kamat et al, although their preparation method and
thickness are different with the TiO, film as described
here. The data in Figure 4 indicates that the TiO,
nanotube arrays show a much better PEC activity for
phenol degradation than the P25 TiO, particulate film.
The initial rate constant of the nanotube array for phenol
degradation is 0.215 h™', which is almost twice as much
as that of P25 TiO, particulate film (0.116 h™). Since the
thickness of the two kinds of TiO, film is similar, even
the nanotube array is a little thicker; we conclude that it
is the superior electron transport in the highly ordered
nanotube architecture contributes to the improvement of
PEC activity.

22
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Figure 4. The variation of the phenol concentration in PEC
degradation at +0.6 V bias by a nanotube array with a length of 12
pm (a) and a P25 TiO; particulate film with a thickness of 9.3 pm
(b). Inset: The initial rate constant (k) of PEC phenol degradation
by nanetube arrays and P25 particulate film.
The photocatalytic degradation of some organic pollution
is proposed to be powered by hydroxyl radicals
generating from the oxidation of hydroxyl ions,
accompanying with the scavenging of the photogenerated
electrons by oxygen in the solution. Such a process is
also considered as a major route for photocatalytic
degradation of phenol '°. Kamat et al. also found that
the activated oxygen species, generating from reduced
oxygen by the photogenerated electrons did not
contribute much to PEC degradation of 4-chlorophenol
by using two-compartment cell, where the activated
oxygen species was separated from the active TiO,
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electrode. Furthermore, in our reaction system, oxygen
bubbles are not introduced. So, we suggest that the
PEC degradation of phenol in our experimental
conditions is powered mainly by the oxidative
intermediates, which are generated from the trapping of
the photogenerated holes by the water or the hydroxyl on
the surface of TiO,. Thus, the lifetime of holes on the
surface of TiO; is of prime importance to the degradation
of phenol. The present nanotube array is perpendicular
to the substrate and has a continuous architecture from
the surface to the substrate. Illuminated by UV light,
the applied positive bias can drive the photogenerated
electrons in a unidirectional channel to transport quickly
to the counter electrode, which increases the lifetime of
photogenerated holes and improves the degradation rate
of phenol. However, in the P25 particulate film, the
grain boundaries between the nanoparticles and the
convoluted channels for electron transport increases the
competition of charge recombination, resulting in a weak
PEC activity. In fact, for the present 9.3-pym-thick P25
particulate film, the degradation of phenol in the PEC
process at +0.6 V does not show any improvement
comparing with that in the PC process, possibly due to
this serious charge recombination.

3. Conclusion and Perspective

In summary, we have demonstrated a remarkable
improvement for the PEC degradation of phenol by using
highly ordered TiO, nanotube arrays with controllable
length. The unique architecture of the nanotube arrays
can be achieved conveniently by anodizing a titanium
foil in the water or organic electrolyte, which provides a
possible unidirectional channel for the transport of the
photogenerated electrons and reduces the charge
recombination. The length of the nanotube arrays
-shows a pronounced influence on the PEC activity, which
is discussed by the different recombination effects. The

present nanotube arrays shows a better PEC activity for
the degradation of phenol with an initial rate constant of
0.215 h", which is almost twice as much as that of a P25
TiO; particulate film (0.116 h') with similar thickness
and geometric active area. We expected that the present
highly ordered TiO, nanotube array can serve as an
effective photocatalyst for PEC water purification,
provided by the optimization of the length and diameter
of the nanotube arrays.
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ToHE, ERBEAEAEOIIITEVWTRZS (K2), Z
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