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AIFIETIE, Y ARNAY—~ WEEZRH T ERBERN SR DL AE 7 = T4 v A —ERT D L L hic, Thbo
NAF AT 4 IV Z B LTEIcB L Cidit L7z, ARSI EENSK Y . UFICSBEHICE OB S &7k L,
Chapter—1 TiL, L., HFEBRMBEATNE 7 = T4 FEZNOLOMERYE, IGHIZOW TR L, AFEO B L EEIZO
WTHRR7z, 7 =T A NI OREMERIT (v —Fe,0,) K WALSEANCZZE T, FMENMEL | BEBMENBMEEI 2 RTZ N6,
A N—=H =37, BRI A A= 7 (MRD) . EEES AT L ODS) REDNAF AT 4 VSFICE LB ch b 2 &
R BT, 72T MRITAEUMR, HikiE, BRALTERL, KEG RIEe EOfa T ETHEREIN TS Z L BB T
W5, ABFE T, OARTEL E LT, flHT, RSN T ORMBIENRRS RES LY L5 LR TXE Y ARY
—VNVERREE T 2T, N TAZ—DOERICHN TS EBRIZ ETHER LT 2T A NI T AZ—D/RAF AT ¢ IIVIG
FZIANT TonA 23— — 2 T X BB X OSSR B C BI 3 2 BRI 22 AT o D Tk =T %,

Chapter—2 TlX, Y VAP —<AARIEICLY 7254 N7 FRAZ—DY A ZFEHICBE LT, A B =X b & BRI R 4 7
LTCW5, fEkD PEG, PVP, Citrate 72 & RETEMAIZ AW Y VAR —< VB L D8R ENTZ T =T A N7 T A X —DHiE
Flixd 5 b OO ABFFE TIXAEEEAIEL O Y VR Y=< WEICEY 7254 b T ALZ—DARITEII LIz Z & ER~Tn
b, =F L7 Y a— Hbgk (111, Fifg) bV 7 A= Kfndz iz 3 B, 1RJE 200°C TORIETT7 =T A b T A
—DERT DB, WA FURIEICLY T2 T4 7T RAE—DY A X708 21-550 nm DI THIFEIARETH D L. T2 T4
N7 T A —DH A ZOBNINT X 0 faFnii i Ms) 23 65 725 85 emu/g) (IZHIM L7=Z & Zik~<T 5,
Chapter-3 TlX, #x 72 VYA ADT =T A NI TAX—RENIE RV ) IFETDHZ LITEHL TN D,
U BTEERWE T, 72T 4 MIFORMHET S Z LICL D, BPEIC L DRFEE D & 5 FLEE Ol Z D& m (2 -0H
HEIRD & U2 22 B HE R (-COOH, —ROOH, -NH2 72 E) M TE D 2 L 2T\ D, —FH 7 =T A b7 T AL —DOEREIB
KETHDZ LM, B2 ) BERE LV E SN TWDAS, AWFZE CIRERRIC L 2 RmMEIC L 072> U bR
L TW5, xRV A DT =T A 7 T AX—DFKMEIZ TEOS IREAZRZ RN SER 3-8 > U B Z2WETH 2 LI
Tmo £l2, VUVAWET 2 T4 b7 T AF—ITEEH T, 12 B b BIESHEE S e,

Chapter—4 TiLX, "ANR—=P =T ~DIHIZIAT T, 7274 b7 TAX—DORBGMEIT> T D, NA =P —I T
AR TINZ & ZRATHIRIETH D . £ 41-46"C ZHERF L7 S SRR 1T 2 RETH 2N TE D, 72T
A NI TAF—ICEAEBAEZENT S 2 LIk BEKEKIC L > TEDRRAET LD T, ZOREBEEEE AW E A = —
ITIHAZERL WD, a4 Xeb 27274 b FAX—%HR L, TNODORBEHEZFEM LTz, 7 FAX—DW
ALY, BADIEFNREN DD L END 41°C I[CHET D £ TORSRENNRGBRRIZR 2~ 728, 7294 b/ kitaH
W DOSREFNC D & L OARWEIIRER S (£ = 120 kHz, H = 6.8-7.8 kA/m) TH., 7= T4 hJ T A X —RNIE
THZEEHLMNI LT,

Chapter-5 T, HBEZ LB 7 =T 4 bI T AZ —DIEMIHFFEOFEMIZOWVTIR L TWD, FMHIH T AT AL 353
MEELE, W, B TRE T 2ICHBET 2L ROV AT L5259, — ARk E Y A7 ATk EPR (Enhanced
Permeability and Retention)ZIE2FIH STV 5, FEAIIZIER MM L 0 AR O E RO THEWZ &6, RIS
300-700 nm DR EFF> TS, ZO LD RMEZEL CHEMNEE CEETLHO T, EYEZEREZFASNLIMWEOKRE S
X 15-400 nm OFEFAN BV, Y ILRYP—</WEICL VB LIZZ OO KRE Z 2 b D7 2 T4 M7 T AX =2 X DY lHEE
AT o7, 18 19 BEfRIC 45%1 7 7' e 7 = VAT 2203, SEEBRAFINC X 28BS LV, L9 £ < ORI K
HENDBMA R LT, S HICHERRAFRIC XY KRB E2 -7 ) BB AR S DR T 2T A4 b7 T AX—5ERLL 7=,
VIUNPEARL VIR T 2T, NI TAL =TI T 2T b7 TAZ—ZHRD E X0 EL OEWMETY AT Z ENA[HET, &
NEN3L8 & 14.9m2/g Tholo, £z, v —F I BIEMHBITOWTIE, Btk 100 57 =T 4 h 7 T A= 100%
B> TWDDIZHART, VY IWEAR DR T 2T A4 b7 T AZ—TIiX 60%FRE E X V20T T35 2 &
Woyinolz, £z, BEWEBRZEMT 5 &R YD LV B HENDHEAER R 5T,

Chapter-6 TiX, YARA P —< AV ARIEICELVERLIEZT =T, NI TAX—=DBDRAFT 4 HNVIEROHRR LT,
Photocatalyst, Lithium ion battery (LIB) Anode 7% 2 & T& 5 alhet: 2k~ 7=,

Chapter—-7 Tlt., AMFETE LN R EZRIE LT,

% - FSCE B, I3 2000 52 & 5630 300 §F 4 1 BT ORI 500, b L<IEH3C 800 554 1 L T 2E 0y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(8 L3Fe)

Doctoral Program

A=

THESIS SUMMARY

B oid= i HR . (RU4) « 1L »
= T 2
Department of #@E @%ﬂﬁ% ﬁﬁ Academic Degree Requested Doctor of ( L5 )
IR, - o FEAE (1) | "
Student’ s Name S Academic Advisor(main) I RIR
fegEE F&)
b I %
Academic Advisor(sub) Jllgs =

S (FEIC 300 GEFEEE)
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In this thesis, preparation of nanocrystal aggregated porous ferrite (Fe;O,4) clusters and their biomedical applications were
discussed. It was composed of 7 Chapters in total and the brief summary of each are listed below.

In Chapter 1, the background and the objective of the thesis was described. The general properties, applications, and
synthesis of ferrite (Fe;O,4) were described in this chapter. Fe;0,4 has been widely used as magnetic material in biomedical
applications such as for magnetic resonance imaging (MRI), targeted drug delivery system (DDS) or magnetic bioseparation,
due to their stable magnetic properties with low toxicity, high surface energy, good hydrophilic property, and easy to combine
with ligands.

In chapter 2, size control of nanocrystal aggregated porous Fe;O,4 clusters was discussed. Nanocrystal aggregated porous
Fe;0, clusters was prepared by solvothermal method with iron (111) chloride, sodium acetate trihydrate, and ethylene glycol
(EG). Their diameter could be controlled from about 20 to about 500 nm by concentration of iron (111) chloride without using
any surfactant at 200°C for 3 hours.

In Chapter 3, surface coating on the surface of nanocrystal aggregated porous Fe;O, cluster was discussed. SiO, coating
was employed as shell of Fe;O, cluster for preventing from further oxidation or agglomeration. Furthermore, the silanol
groups (Si-OH) on SiO, surfaces can be easily modified by functional groups (-COOH, -ROOH, and- NH,, etc) for various
biomedical applications. Nanocrystal aggregated porous Fe;O, clusters were prepared by solvothermal method and SiO,
layer was coated on their surface by sol-gel method. Properties of SiO, coated Fe;O, clusters were investigated.

In Chapter 4, heating property of nanocrystal aggregated porous Fe;O, clusters was discussed for magnetic hyperthermia
application. Temperature resistance of cancer tissues is much weaker than normal tissues, since the oxygen supply through
the blood vessels in cancer tissues is not sufficient. The cancer tissues can be killed by exposing to higher temperature
(41-46°C) than body temperature while minimizing side effect to normal tissues. In this chapter, heating property of Fe;0,
clusters and SiO, coated Fe;O, clusters was investigated by measuring their specific absorption rate (SAR) by applying
alternating current magnetic field (ACMF) for potential hyperthermia application.

In Chapter 5, heating-assisted drug releasing property of nanocrystal aggregated porous Fe3O, clusters was discussed. Drug
release properties with and without heating induced by ACMF were investigated to evaluate their applicability to controlled
drug delivery.

In Chapter 6, future prospects were discussed. It was thought that as-prepared Fe;O, clusters could be applied not only to
biomedical applications but also functional applications such as photocatalyst, lithium ion battery (L1B) Anode.

In Chapter 7, this thesis was summarized.
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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