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Figure 1-2 Scheme of cancer treatment using magnetite nanoparticles.
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JCPDS#19-629) It | S B B — 2 B LU L E R m¥ A h(y-FeOOH, JCPDS#44-
H5)IRER S5 B —7 Mt S,

ma T EwEHOCCTRERO FIETERLIZEZA, CM-TX AN T EFRIUE
EATLHRIT 7 VIVEREHWTZHEICBW T, LE RZ a4 A b (y-FeOOH)IZIRE &
nNov—rnmitEani, —h, thomssFbamicsnT, v 7% A4 MIwES
hoe—7ritshiz, UL, PSSS, WU 77 U7 I K, PVAZ W28
T, AGRE AR IED D WDITRE T A XD TICER S 5 7 v — R Z — U PR S
iz,

XRDX Y~ 7 2% A kO HER S N2 OTEMIE % Figure 2-7 1237, JEIK
IZOWTIEE D 2RI L7 723l & el U CE BT R b oz, Lo LG
m T ORIRE T 5 & BT ERM LR 723 BFCIE 13.4 nmiZ%F L, PSSS,
PEGZ IR L7-3EHEIZ N 6.9 nm, 125 nm & EHPRIEBME T L T\ Z &b
Mol

HybiE T, LLFOKJG % 8 CFeOOH & Fe(OH), 28R L LCTARKR L., Zhbn
SO LT IR A M EAERKRT D,
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Fe2* + 20H" — Fe(OH), )

Fe3* + 30H" — Fe(OH)3 3)
Fe(OH); — FeOOH + H,0 4)
Fe(OH); + 2FeOOH — Fe304 + 2H,0 5)

LirL, CM-TX A b7 R Y 7 7 U ABOEE . Figure 2-6.0 X 5 IZHEH O
Fe?t & @ sy T MERZ TR L, RIS I T D Fe(OH), DA IIH S, 225BE(b
IZ ko TR MR IC b Lz 72 RUSR(3), @)2MEt S, VE K7 md A k-
FeOOH) MBI AER ENT- B2 B D,

FILT =4 MOED LA TH ANVRIEEH/T HPSSSERM L8548 Tld~ 7
XL A SOHBPAERR LT, BHE ThIX, KEEPOFe? & @a RN E BT %
TR v IR EA MEROERIZHLE R 2 fEOKBICEROERRHD L, v~ 7R H
A MEROEREET D, LinL, EBRFERTIEPSSSIT~ 72 Z A MDA %
B U722y o Tz, ZAUE, PSSS & 8kA A 2 OSSR AL O WA S 7S e o> 5 1 A8 C
WiekEZ 65,

ScherrerO X L 0 B L7723 O~ 72 & A MNESE ORGSOV A X% Table 2-1 |2
T, A EZIREETER LR B OR R 7O A4 X935 202 nmTh o772, #E
Ba DA XD 20 N OREHI DWW TIE, v 7 2 Z A MEmORELZES N
B I L7z, ZOREER, PSSS, AU T Z U LT I R, PVAZ W GAEIZBW T,
zhZhn 18.1nm, 17.7nm, 158nmé& . 20 nmZiili7= L TR L, ~ 7% A MmO
HREAZHESN TV, Wangbld, $if T ic k> TR oS Fas e xL—
MEEH, =27 %% A FOFEREKRELZF L — MRS K > THHI LTV B[7], A#FSE

T IO RIZCEE LSRN EZ 570 TidhnheE2bN5, T7hbb, b
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AR IZIEE L CWAHPSSS, AR U 77 U LT 2 R, PVAZYFigure 2-8 D X 5 1
YITREA PR, FEREEIRILEEZ LD,

EREVEEMOTINS, <~ 7 FF A DOFREEICREREEE G2 TWDHZEN
BB, L, ~7 32X A MEROAEREET 2 688ME2HouE, T3
[~ TR 2 A FORDEERIIREL 70D, £Z T, v 712 A MEROERMELE
B, BRTHBE-EE N T v FEERTE 57576 2 IOV TREE1T 72, £
DFRE LT, HEMEIRINT DEIC~ 7R 2 A NEEBIER AT 5 HiEE R AT,
ik 1 THELIREE L 2 THROLNTZEEIOFT-IRA X kL% Figure 2-9, 2-10,
2-11 [T, @ eI L7 Do To i BHIA B DAFAE L 72N Te Ol AR 7 b
NToHDHDIIH L, S Z2 WL 723 B TIEW < DO AR 7 R V3B
TWe, TNHDART VTN LA A OA~7 i —HLTns, &
D EMBHE 1 BIOFHIE 2 THONZRHIEMD B I N-BLEkTh b &
S A5, HIE2 THOLNTREI OB ORE R A Figure 2-12, 2-13 1277, 2L L7 A
ZELOXIEH L DD, WTNDOREELD 2000CH 5 600°C DM THEDIXR T & DTAD
FFRICEDHBEBOEHE Z o7c, T ONIELERZ HE L TV 5 & ORRBEIC

HHDEEZBND, RIZ, FEIOXRD/NZ — 2 ZFigure 2-14 (29, i1 TL
v R7at A EBREKRLIECM-TX A RNT > AU T 27 U ABE W EHZ BT,
Tk 2 T~ 384 MIRBRESNLDE—7 OR PR ST, £z, FBHTE T
551 2 TR LI EMLEkORE R4 Table 2-2 12, A7 EHOTEME % Figure 2-
15027, M TEMx 20 L g Lz 2 A, ~ 7R ¥4 FORRIZB N TIX
REREACITIR o Tehy, FHRIRAFHI L2 & 2 A RIREDBK 4 nme maF 2%
THRVRE LY L/hELhotz, ZOZENLHE 1 IZBITD~ 7 X2 A MERDOA
RGEFETIX, A Fe? L85 R AR L, Fe(OH), DAEMEILEFE LIz E X bivd,

LirL, w732 A MEEOERIZEE SN Rotziy, BIRINOSE & - MEHS
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mtED D WV VA AR TICRKRT 57 e — Ry —Upglgsni, Zh
X, HiE 1 T39I 3P4 SORERMRENHE S N-B8 L FRE, LBAERZ SR
I LTV D5y F25Figure 2-16.0 X 9 1A Lim~ 7 2 ¥ A MEfEWE L, #

e R A L TWe B b,

24 FEE

BATERMLUIERBHCBWT, 724 MoEaroo6, IVAIVEEAET D
maFEHWTEGEIL, v 72 Z A MIERSNT, LE R ¥ A MBI,
ZHEERA A @A THOINRFVIEE ORI L D b o LRI, —
Fi. w7 AA RBER LGS TS, RIS, IARX U EEFT
LEaTChoTh, SEKBERAZTFMLIZRICHEINT &, v 7R FZ A MEfE
IR SN, v IR A MEREREL TS Z &3 knoTs, UL EORERNG

FA A IREHE TS DAKEEMER 0 F OIAFIL, v 7R F A MERICKRE R E %

G225 ZEBMBNhemoT,
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Figure 2-1 Structure of anionic polymers.
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Figure 2-2 Structure of neutral and cationic polymers.
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Figure 2-3. XRD patterns of the samples prepared with or without anionic polymers.
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Figure 2-4. XRD patterns of the samples prepared with or without neutral polymers.
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Figure 2-5 XRD patterns of the samples prepared with or without cationic polymer.
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Figure 2-6 Image of complex of polymer (poly acrylic acid) and iron (1) ion.
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Table 2-1 Result of all samples prepared by using High-molecular reagents.

Added Functional ~ Precipitated  Magnetite size®*)
. Structure .
organic reagent group Iron Oxide /nm
CM-dextran @o@o}ﬁz} -COOH  Lepidocrocite
Polyacrylicacid w -COOH  Lepidocrocite
HO @)
anionic
reagent
n
PSSS -SOzH Magnetite 18.1
OZ\?:O
ONa
Polyacrylamide w -CONH: Magnetite 17.7
Ho>N @)
Neutral
reagent PVA i -OH Magnetite 15.8
OH
@) .
PEG C-0-C Magnetite 28.8
n
cationic n _
PDDAC >N*(CHs),  Magnetite 26.1
reagent +
/\Cr
No organic reagent Magnetite 20.2

C¥)XRD THOLN-E—2 T =20y =7 —XEHWTHEEB L
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Figure 2-8 Image of polystyrene sulfonate absorbed on magnetites.
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CM-Dextran 2 C-H bond
(O C=0 bond
) Method 2 A O-H bond
=
S A = O
§ Method 1
£ A A O
= Pure CM-Dextran
[y
£ A = O
No organic reagent ~
1 1 | | | 1 | | | | [ 1 | | 1 1 | | | 1 1 | | | 1 | | 1 | | | 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber / cm?

Figure 2-9 FT-IR spectra of the samples precipitated from two methods with and without using
CM-Dextran.
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(a) Polyacrylicacid (O €=0 bond

A O-H bond
j —K\Method 2

=
m T e
~ A
s
= ’Uethod 1
E A pure O
= polyacrylicacid
A
| | 1 1 | | 1 | 1 | | 1 | 1 | | 1 1 1 | 1 | 1 | | 1 | 1 | | | 1 1 |
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm
(b) PSSS /A C-H bond
) [ ] S=0 bond
i Method 2
~—
. a
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£
% VAN
& Pure L
'—
PSSS
AN []
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Figure 2-10 FT-IR spectra of the samples precipitated from two methods with using (a)
polyacrylic acid and (b) PSSS.
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Transmittance / a.u.

(a) PEG <> C-0-C bond
Method 2 /\ & C-H bond
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Method 1 %
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Figure 2-11 FT-IR spectra of the samples precipitated from two methods with using (a) PEG
and (b) PDDAC.
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Figure 2-12 TG-DTA data of the samples prepared by method 2 with using (a) polyacrylic acid

and (b) PSSS as a polymer reagent.
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Figure 2-13 TG-DTA data of the sample prepared by method 2 with using (a) PEG and (b)

PDDAC as a polymer reagent.
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Figure 2-14 XRD patterns of the samples prepared by NaOHaq addition (a) before and (b) after
anionic polymer addition.
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Table 2-2 Result of all samples prepared by using High-molecular reagents.

Added
organic reagent

Functional group

Polymer added before NaOHaq

addition

Polymer added after NaOHaq
addition

Precipitated

Magnetite size®™

Precipitated  Magnetite size®*)

Iron Oxide /nm Iron Oxide /nm
CM-Dextran -COOH Lepidocrocite Magnetite 7.5
anionic Polyacrylic acid -COOH Lepidocrocite Magnetite 8.0
reagent
PSSS -SO3H Magnetite 18.1 Magnetite 13.2
Neutral ) ]
PEG C-0-C Magnetite 28.8 Magnetite 131
reagent
cationic ) ]
PDDAC >N*(CHj3)2 Magnetite 26.1 Magnetite 9.4
reagent
No organic reagent Magnetite 20.2 Magnetite 20.2

(¥)XRD THOLNT-E—7 T = by =7 —REHWTHEB L
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Figure 2-15 TEM image and particle size distributions of the sample with added PAA prepared
by Method 2.
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Figure 2-16 Image of polyacrylic acid absorbed on magnetites.
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FIE BERTLEMDOTMPB < IR A MEmmERIZKIETRROMBEH

3.1 &S

B2 ETIE, maHEEMOBRINE, AT DB LBk ORESIECIZREIC 2 KRB
HEHZO9DZEEWP LN LT, 844 L HEWE L OSEKREREBIE LT-5E

E G & B A v L OENCIRRBIT O IACIRRRIZ T D5 D A RE BN & &
bl bTHEMERH D, L, @n HEaWITE S Fba It~ TH B 7
i L7 <, MIBHERE LA 42 & DONEBERLZERTH Y | ZAUTHE D Bk
BH—ETIERV, 512, maHEEw TIIERERORE SN TVWDL b D%
<V, ZHHDRAER LT D ETIREEEMRERN ZHHE STV LIRSk
BME RN DR DESG THLHEEALND, TOHE LT, =FL Y73
UFFFR(EDTA)FSR, i, $k72L, BRx REJBA A L8P T 2k E LT
MHENTEY, FL— ML L TR EA SN TWD, BEEEOKEEKREHIZIHBV T,
EDTAZIRIIL . ST HpHA Z bS5 2 & Thx 2tk %2152 Z L ITpkPh L T
W5[1],

Z I TARETIL, fixOFREL AT RS TLEWE~ 732 Z A4 MERRFITIRL .
AT 2 B LER DS A ISP KR E I R E TR B2 L & LT,

3.2. BRIk

3.2.1. FELDIER

TNENRLDEREEEAT2ESI TGN TH D 2 = UER((COOH),, FLHlZE T
A S Ak) . HEMR(CH:COOH ., FnYemli s T atk), 2% 27 U Lk
(CH3C(CHZ)COOH, Tl THEMRA S 4E), A & o Lk L FR(CH3SOsH, ik T

ERRA ), p- bbxm 2 AL IR B (CH3CeHaSOsH, FIEMISE T3k 4t), —
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J —/V(CoHsOH, FIEliZE T ¥k th), 7 & b 2 ((CH3).CO. Feifik T 3pkAs
). (CHsCOOC:Hs, Fyeflisk THMEA4), 7 b T & K7 (C4HBO, Fukflisk
TEHASI), 18-7 7 7 2 -6((CH.CH0)s, FIYERIEEE N 2 #), 16-7 T 7 -
5((CH.CH,0)s. H ALk T3k 4th), 12-27 F 7 2 -4((CH,CHO)s, UL AR T 24k
A&th), =F L D7 T U (NH2(CH2)NHz, FIDEHEEE T E), R Ak R
VT 2 ) AHX L (NHC(CHOH):, 7 A 7 2 7 R &) &2 FAVWER L=, BBk
BHEIT, Fe?m LFed " 3molbb T 1:2 L7225 X O I LE(I) U /KT 0.25 g & HEfbgk
(M)A AFI 0.66 g4 HAfK 25 mL (CHEfR S 7=, ZDt% 75°CIONiR LT 2 5T,
ARSI AP LTz, — 7T, SHEED FbE 1.00 g4, K 25 mL (ZEiE
S, T5CITIME L., 4 WD AHEMIKIEKRZFR LT, ERL 2 SOBKAZIRE L.
PHAY 7 & 722 K 912 IM-KER{EF b U 7 A(NaOH, T 7 A 7 A 7 XS KIS &
T L7, i Tk, 75°CT 1 WefE#EFE Lo, B, B CH L VA AX L T F =
— 7 (BERAT 4 YA = )R A2 B UBEMAKIIRESE 1 HEET L7z,
ZD%, BITICHWTZBMKEZ B LEOR L HIFEN L, WRPOEEZRE LT, &
Mz, EALTCBUE ORI 2 60 COEIRGZEMENIC CTlizia 1 AT 70, 01z
et BB Z Ik T L. BoRelE 21572,

Fe2* DAz ik & L7 6 OSHRERNGNIR 2T~ D720, LN OEREITo 72, K5
TALEWTH % 2 = VER((COOH),, FEHIFE T EMA ), BL R Rk FrFk
T 2 ) A B (NH.C(CHOH)s, T T A T 2 7 kA th) 2 IVERL U7, 3Bk 1
7L, HARER(IDU/KFI 0.72 g (0.36 mmol) Z ik 25 mL (ZIAfR &7, T Dtk
75 CITRSEE L, eS8k EZER L7z, —F T, £MES+ba® 1.00 g%,
HEfAlK 25 mL ICEfiFE S, 75 CICINE LA KSR 2 FR Lz, (FRL7Z 2 D%
WAERAS L, pHA 7 &£722 X512 IM-KEEET b U 7 A(NaOH, 7 7 A 7 A 7 fk

DA KR 2T T Lz, T, 75°CC 1 REfEEE L7z, Bifpth, B CH L U o
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AX T Fa—T(ABRAT 4 INAVP A T A)NRIEZE AN UBMAKICRESYE 1 A
BB LTz, 0%, BITICHWZ@MAKZAHBUEY 1 HESE L, WRhoEs
BrE L7, B, BALEREIORIEE 60°COMEIRFLBENIC CHizls 1 BAT

olce TR E . WB Ak ThPE L. BRREI ST,

3.2.2. REDORIE

3.2.1. TH LNy K ek 2 XHR IR 12 & (XRD, MXP3V, Mac Science Ltd., Yokohama,
Japan) & FV it A& 2 AT L. JCPDST — & & BA T 5 5 CRlEl o ft i o [F) &
BiToT, o, BREHR O~ 7 25 A4 MR EZ FE A E 1 B $E(JEM-3010, JEOL,

Tokyo, Japan, LA FTEM)Z HWTHEIZ LT,

3.2.3. fERTF A X OIENT R OBER R DRIE
(1) KizRT Scherrerd K& W THE SN XRD/SE — o L 0 By B O fE i+ D K
X XERDT, DR TORE X, MIXBIROWE. BIZEIRHROPHEIE, 0 sldhk
SRAROD B — 27 OB 2 M4 27972,
D = KW/ (BcosOs) 1)
Fo. GO NTMARFEZ IREIECEHRE 75 (VSM, VSM-5, Toei, Tokyo, Japan)) % Hv»
T, MRMEEIT> 72, BRI 300 Oeds LN 10 kOe, JEii%k 80 Hz: L, 5617

e R~ D Ak b 2 H L7z,

33. EBRERLEE
VERLL 72 By KB OXRD /S % — > ZFigure 3-1, 3-2, 3-3, 3-4 (TR, iR, A X AL
RUBE, p- MV ANV UEE, =X ) —)v, TR R BTV, = FLUT

LU EAWTER L KRB OXRD N Y — b~ 7 % % A b (FesOs JCPDSH#19-
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620)ICIRIE S LD B — 7 BB SNz, LinL, AZ 27 UlE, hU AL Kok 2
FAT I AX R NTHRE T L E R 244 b (y-FeOOH, JCPDS#44-1415)i2 47
JBEINDE— 7 B S,

F 72, Magnetite23 Ak S 72 2 TOREHZ IV T, Scherrerd L 0 FH L 7= /5 dib 1
DY A X% Table 3-2, 3-3 IZ7-T, ZF LU IT I EHOTEAITBWT, Kk
IR T 27 e — R —7 B3 &, Scherrer=(h B 5S4 AD< 20 nm& 72 %
FERPT B AT,

VBRI, ISOF R E LTIl O#kA 4 > 1 ZFeOOH % £ T %, Z DFeOOHIZ

RHOEMIZ L > TUT ORI DALEMDERK S IVA[3, 4],

pH=4~7 v-FeOOH
pH=7~9 v-FeOOH+a-FeOOH
pH=9~12 FesOs+a-FeOOH
pH>12 a-FeOOH
HWACFE T B-FeOOH

T =AM LA TH D > 2 TERIEEEA A LSRR TR T A WE TH Y . T DK
EBUIR=3.05 Th D, ¥ = VAL 7RO BISEIK DpHIZ pH<2.00 & 5@ < Eak
IHNT W, 207, v UEEE TNOEkA A 3SR AR L, DO KER L
FROARDIH S, FEROOHM R STz, EHIZ, FRHOEMFIZEI->TLE R
P A Fy-FEOOH) AR LT LB 2 Hvs,

UL, vaUiE R UERELE T 2HmEZ IR L7 Cld~ 7 R Z A Mrffn
AR LT, SR, v VEEDERRE L D kA A L REIHEEREZER LTV ) T

T e B b5, FilkLFe? & OHADAREHIIP= 0564 THLZ b, K
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TR CIXBER L 0 0B L T2 IBRO TN ZETH D5, 6], Lo T, Filgiz~ 7 2 ¥ A
MEROERZLE Loz B2 bbb,

F U7 =A NMEDOERRIETH 2 VAR & 2V AR g TIEEE & OSETRIZI VT,
A VIR FRITFe & OSSE R EE 2 A L TV D M6, 7], Ferr & OSSR eI s Sh T
W, Ko T, Fe L EERE TR T D N AR X TV IRICOARKRE R EBERENT L5
bbb,

WIS, HF A NMEEEDERMUTSE BN TEET S, = FL o7 Ivafn
T2E T, RO ARERAB1= 4.34 B=7.65 = 9.70 THB[5], ZDZ &b, &
ERFERR LT NWEBZ HNDLN, EREITo IR, v~ 7124 MEdOARIER
EINRDNoTo, UL, IREFKEOERDOPHN 10 fHEE@T7 A Y ThoT-7oo,
AT EGERETERT D e~ TR F A NOREEREER LT EE X BILD,
MU A(E RRFURAFI)T I ) AXZ TR, =F L7 I URER, BT oMo
W ChH AN, IREFFOEEDOpHIL, pH=6 Tholz, Lo T, v 7R ¥ A FH4E
FZ S AV Figure 3-9 O X 5 ICHHEM) & BROSERA BT H Z L I2 LD THH A MB-
FeOOH, JCPDS#42-1315) 3£k & LTz £ B %2 B3, 4, 9].

AEFOTEMIZ & Figure 3-5, 3-6, 3-7 (2, T DTEMM b5 LT EHRIERE L O L Hh
NS E U7z fafidfb 2 Table 3-4 (ZR"$, ~ 7% Z A FHER L7220 ToilEHZ
WM LR E LUK T L TWe, £, i FORZIITHET L L, M T
/NS L2 D2 O TR DR T AR bz,

Kucheryavy & 1%, Y=F L 27U a— VR CHEACSRAZNE L, 3.2 nm2>6 7.5 nm
DF IRFERE L, KA OB & &bz, fafib s 4 5 & dfdE L Tn
510, AWFFETIEZOHZE L BB LIERERDH/ION TR Y | R 5MEOGEY %

WINT D2 LTk, w7 RFA MR ORI X OBRFEZHIETE 2,
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— T, T REA SPNER Uiepolcva v, NVAB RRFUAFALT I/
A B AZONT, LSRN UK T O KR D> B ARSI A L 21T 12,
Fe2*DAHZ gk DRI & L TIER L 725812, o723 O XRD /X% — > % Figure
3-13, 3-14 (TR T, ¥ =2 UEEAUSIN L I#E TlEy = U E$k((COO).Fe, JCPDS#23-293)
CRBENLAE—7 B EN, P A(E ReX XF )T I AZ o 2RMLE
AREHCIE, =4 A MIIRB S5 B — 7 (a-FeOOH, JCPDS#81-464) 3 it S 17z,

¥ U E TN LR I, SRR Y 2 VIR A N X T2 & & v 2 RS A K
L. 7Y ThLKEEIT BV U LKEKREMA TS T 2O EFRE L L
Ezobhb, £l2, PV A(E X AF V)T 2 A X 2RO ERECIE. BE
BHC R U A(E RS AF)T I ) A K LFe? ORI AR L1272, Fe(OH), O
ARREIHI L, TOMER, F—F A MBERLIZOTIE RV nEZS 26D,

D EMBFF LEMEE TN T DILEMEAF T T, v /R 2 A b OKEIRE KT
D& T REA NMIERET ., BOMILSRHELND &) BERERFTHRER L
7ol

RIEICB W T F A VRS T 2R L GAICIE~ 7 2 Z A b OfbiEROREX
EZHRrolebDD, K LEM TIXEREZET 2baMP R ol Z0OX&
D RBIGOENT, ARBIZRBLEIC X D EERTE R ME S FALE M TR D IERRICE Z Y
RTWeDThHLEEZLND,

ELIC, BOREESORNL 7 T o—T VBN LELRA. BNtk s
T I REA FTHD ., WTFROHETHERINMOGE & g A XITRE 72
EWIAONRNoTe, 770 m—T WENaOK e EDOT NV ) A T B E <
R TELZENMBLNTWS, NatDA A 2 P81E 0.99~1.39A, KrdZ ik 1.37~
1.64ATH D, ZHUTK L, Fe TiX 0.61~0.92A, Fe** Tl 049~0.78ATh 5, #hA

T DERNT NNV A T DFEALL VNSNS, 7T 7 m—T 5 FI2 &
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BaE WA, v 738 A MEGROAERZIHI L, KB bEk2 A3 2 Hmic
bole, AL, SEEBEORmWIE Th > Th, MWEEMELEM THIUL, v 7/ =3
HA MERAEROIMFENXIZE A ERO BN oTo, BT A UHEEHICONTIEE
DA ERRDEBETR LT LD, B EEME WD Z LI X D8EERA A K

B LTWDL Z RN ghoT,

B3R

[1] Y. Oaki, N. Yagita, H. Imai, “One-Pot Aqueous Solution Syntheses of Iron Oxide
Nanostructures with Controlled Crystal Phases through a Microbial-Mineralization-
Inspired Approach”, Chemistry A European Journal, 18, p110-116, (2012)

[2] T. Kawaguchi, T. Hanaichi, M. Hasegawa, S. Maruno, ‘“Dextran-magnetite complex:
conformation of dextran chains and stability of solution” Journal of materials science:
materials in medicine, 12, p121-127, (2001)

[3] HATHEEE, @iEae—, KILB—, “Fe?A 4> OZERBLIGIX T DA DA F
IKERALER(IN) D52 ALiEiE K Tt se iy, 55 85 =, (1977)

[4] - EWsth, b5 T2, 27, p.571-576, (1974)

[5]1 bA{HE JLREHR I, p343-354

[6] E. Martell, M.Smith, Cristal Stability Constants, Vol. 3, 1989, p2-6

45



[71 Y. Kanroji, “Complex Ions in Acidic Iron Spring and its Catalase-Like Action” H A&~
B543, 30, 5 1 7, pl-6, (1978)

[8] E. Martell, M.Smith, Cristal Stability Constants, Vol. 4, 1989, p79-83

[9] R. Dotson, “Characterization and studies of some four, five and six coordinate transition
and representative metal complexes of *tris-(hydroxymethyl)-aminomethane” J.inorg.
nucl. Chem,. 34, p3131-3138, (1971)

[10] P. Kucheryavy, J. He, V.T. John, Pawan Maharjan, Leonard Spinu, Galina Z. Goloverda,
and Vladimir L. Kolesnichenko, “Superparamagnetic Iron Oxide Nanoparticles with
Variable Size and an Iron Oxidation State as Prospective Imaging Agents”, Langmuir, 29,

p710-716, (2013)

46



O Magnetite
V Lepidocrocite

Oxalic acid
ww

Acetic acid

Methane
sulfonicacid o

Intensity / a.u.

p-Toluene O
sulfonic acid o

No organic
reagent

10 20 30 40 50 60 70
20 / degree

Figure 3-1 XRD patterns of the samples prepared with or without anionic organic reagent.
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Figure 3-2. XRD patterns of the samples prepared with or without using neutral organic

reagents.
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Figure 3-3. XRD patterns of the samples prepared with or without neutral Crown ether reagents.
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Figure 3-4. XRD patterns of the samples prepared with or without cationic organic reagents.
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Table 3-1 Result of all samples prepared by using low-molecular reagent.

added organic Functional  Precipitated = Magnetite size
Structure . ;
reagent group Iron Oxide 9/ nm

Oxalic acid

O
\’H‘\OH -COOH Lepidocrocite
O
0]

HO
Anionic Acetic acid )k -COOH Magnetite 14.5

reagent OH
Methansulfonic acid H3C/ SOsH -SOzH Magnetite 20.4
p-Toluene sulfonic )
. -SOz:H Magnetite 27.0
acid
SOzH
O
Acetone )k >C=0 Magnetite 34.8
Ethanol /\OH -OH Magnetite 27.4
Neutral Tetrahydrofuran C-0-C Magnetite 27.2
reagent

@)
)
o} o}
18-Crown [ j C-0-C Magnetite 18.3

o} 0
No organic reagent Magnetite 20.2

COXRDTHEONI-E—7 F—4nby =7 —REeHWTEB L
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Table 3-2 Result of all samples prepared by using low-molecular reagent.

added organic Struct Functional Precipitated = Magnetite
ructure i
reagent group Iron Oxide  size®) / nm
Y
@) o
15-Crown-5 C-0-C Magnetite 18.0
0] O
Neutral \ /
reagent /—\
O (@]
12-Crown-4 C-0-C Magnetite 24.5
(0] O
I NH, :
Ethylenediamine HzN/\/ -NH;  Magnetite 22.7
HO
Cationic )
Trishydroxymethyl OH -OH i
reagent ) Akaganeite
amino methane HoN -NH;
OH
2,2-Iminodiethanol N O Magnetit 26.6
,2-Iminodiethano agnetite :
Ho T N Son N ’
No organic reagent Magnetite 20.2

X)XRDCTHELNIZE—I T =40 by = T7—REHOCEE L
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Table 3-3 Result of the samples saturation magnetization and iron oxide formation.

Magnetization
Magnetite

Added Functional Precipitated i /emu g+t
ize
organic reagent group Iron Oxide
/nm 300 Ce  100000e
No organic reagent Magnetite 13.7 20.81 57.07
Oxalic acid -COOH  Lepidocrocite 0.16 2.61
Acetic acid -COOH Magnetite 8.1 19.65 48.33
p-Toluene )
o -SOzH Magnetite 10.0 20.43 50.71
sulfonic acid
Methane .
o -SOzH Magnetite 8.5 15.87 42.29
sulfonic acid
Acetone >C=0 Magnetite 114 20.80 57.84
Tris(hydroxymethyl -OH
( y Y yD Akaganeite 0.04 0.65
Aminomethane -NH>
Ethylene .
T -NH; Magnetite 6.9 12.58 39.96
Diamine
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Figure 3-12. Structure of iron and tris(hydroxymethyl)aminomethane complexes.
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Figure 3-13. XRD patterns with or without oxalic acid sample prepared from using iron

chloride (1) aqueous solution.
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Figure 3-14. XRD patterns with or without tris(hydroxymethyl)aminomethane sample prepared
from using iron chloride (1) aqueous solution.
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BAE T I VBREBNNR TR E A MERERIZRIE TR OMHEHA

41. FE

AR T, REMNRT =AU MEOERETH D VAT U, BILOMREN R F A4
HEEETHLT IV B2 AT HLEMIFEER LT W b, £72, £
NoHixEhEh~ 7244 MamOAEREZAETL2ERNTHL Z LA LZ, L
L. ZORFGEHT B0 FEREEMRHEET D, TR T I /B Thd, 207
R~ TR SA N EEAEESETMBHIBEIRS RSN TEY, v 7R ¥ A K
FORFETI B Ta—T 47 THILICE-T, and FOLEWNREGED Z
ENRHEINTWDIL 2, b2, T /BTa—T 17 ENle~7 24 M/
MEHE. SO BRI & R ol F BEEIRR B & LT AREF BRI B TO M %
ELUTHMZMENE LTI SN TWAI3, 4, 5], 73 /e~ RE A FORIGHRIC
BIFHHEE LT, 7 VBOMSBIERENFEWVIZE Y 7 RZ A4 b ~OWAEIEH 3
M9 52 ENRHINTWVWD[6], £/o, ¥ 724 A F~DOWHFIZEBNT, DEDOT
JEBEED BLIEDT IV EDIE ) BRERENREVE VI RE L RIN[7], L
L., INOLOWMEII~ T REA NEREDOT I Ve~ T 3224 FORBERZRMETH Y |
~ TR B A NERNCEB T 2814 A4 LT 2 BBOMIZI T 25 i O FEARER R
HEDHREINTWRY, T BRI EZ AT ODINVRX LTI ) Ao h
LCWA7D, JUGRTTT I VBRESkA 4 OA A BIBAEERPEZ Y, ZOkk
R BEEFEROENZETHEEXOND, £ TRETIL, v~ 72 ZA FDK
BIREHRICB W CHiA OT 2 ) BAETRML, AlT 2BLskOfE OB NET X/

B2 D5y FREIECHE B R DO RN O L,
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4.2. ERITIE

4.2.1 FREDOIER

AHFFETIE, WERENRKEWE INDLILEEZ AW TER AT 72[7], T E 5
RHEBEBREAT DS FALBM TH DT AT X UK IXFigure 4-1 ZZ W, i
MR TR A4, 72 2 VER(RLAIEFigure 4-1 & 2[R, FEHISE T2 S1D),
T ANT X (MAIEFigure 4-1 2 FOGMISE T3S H), 70 3 (kT
Figure 4-1 220 FOEslidE T3k t), v A7 A4 (B XFigure 4-1 Z &2, Foot
MR T3EMBAL), NY 7 b7 7 U (REkIEFigure 4-1 220, FOGMISE T3S,
7V 2 (RAAIIFigure 4-2 2 S M FOGHISE T3Ekart), 7 7 = (FAkIZFigure 4-2
BB FTHTAT A BKRAS), T u VU @ERkEFigure 42 22 T T AT A
7 RS, B AF U (MEIIFigure 4-2 58, T T A4 T A KRS, Vv
(FHRIZFigure 4-2 22, T 74 7 A7 KA SHh), TvF = (fEkIXFigure 4-2 %
M, THTAT AR 2 HNER L7, BB OERTTiRIX, Fe2™ L Fed 78
molttC 1:2 & 7225 X 5 \CHLE(T) UK 0.24 g & HEALERIL) AT 0.66 g% iR
fliZk 25 mL \Z¥AfiE S W7, 2Otk T5CITINR, B L, Sbgokmm e e Lz, —
7T, BHEESTEA 1.00 g, Btk 25 mL [ fiESE, 75°CICHE L. 4 wi%
DT X BAKEEEER LTz, Z2D5 B TSR o727 I BRIZHOWTIE, K
2t U U A(NaOH, T 7 A 7 A7 BRASH) KK 2 N A2 SERCER S H Tz,
TERLL 72 2 DOIEIREIREG L, pHA 7 L7025 K 912 IM-/KEg{bF h U 7 A(NaOH | 7
AT A7 RASHYKEK A2 T Lz, i P&, 75°CT 1 KRefiiee L7, 18,
B CTHDLT 4 AX U T F a—T(HRAT 4 YA 0 AR & £ Ll
KICERESE 1 BHEENT LTz, £0%, BITICHWIZ@EMKZ A2 LD 1 A RENT
L. WRPOEERE L, &R, BALZHEIOBKRE 60°COEIRGZEENIC

Tl 1 AT o7z, HonicHigtg, sUBtZ sLsk Tl L. BoARelel 21572,
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Fe?* DA & it & LTS5 E DR ERNREZH~DT20, LT OEREIT 72, £
M3 27 I 78E LTT AT X URE(RLEUIFigure 4-1 25, Filisk T3pkAs
1), 7 I UEEGHAEIEFigure 4-1 22, FOGMISE T3S t), 77U & (flRk
IXFigure 4-2 M, FOEMISE T ERASHE), 70 = (M XFigure 4-2 &R,
HT7AT A7 RAS)E FAVIERL U7z, 3Bt oERUDF R, HARSk(ID)UKFid 0.72
g (0.36 mmol) & #8#fiK 25 mL |Z¥EfiE S W7o, £ O% 75 CITImE, B L, Hbgkkis
AR LTz, —H T, #HEES HbEWE 1.00 g&, HiliK 25 mL ([ZHEMFSH,
75 CITIME L AR 2 F R U, (RRLL T2 2 SOWIRZIRAE L, pHS 7 &£72%
£ 91 IMKEELT N U 7 A(NaOH, T 7 4 7 A 7 SRS KB 2 T Lz,
T4, 75°CT 1 KFffffdsE L7z, HiHRiE. B CH LV 4 AX 0 I Fa—T(AARRXT
A AN A T ANTIEIR 2 BN UBRIKICIRIE S S 1 HIFENT L7z, Z 0%k, BT
AWToBEMAKZ 2 L0 1 ARZET L. WP OREZRE L, &k, HALE
AREOVEIK 60°COTEIRFIEFENIC Tl A 1 AT o7, Tolcinlits, 3O 2 Fik

TR L, MR 25T,

422 FERIDOFEE
421, TE LN KRB ZXRD A W ThbibiEE 2 74 L. JCPDST—# & BA&
HETHREOMEEDRELZ T, £7-. RBHF DO~ 2 Z A4 MEIREZTEMZ H

WTHIZE LT,

43 ERERLELR
ZNETNOFRELOXRD/ N — % Figure 4-3, 4-4, 4-5 2R T, T ANRT X T H
R Vv, TI=r, Tarlr Uy TAXR=UERMLEREClEY S

RAA FIER LT, T, TANRTF UM, IV IV, VATA 0 b
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VF R 770, EAFPUERMUTERE T~ 7224 FOAERITR b0 o T,
Flo, INF IV, VATAY, NI R Ty EAF VRN LSRR TIR
LE RZ mtA Fy-FeOOH)D B — 7 3R S, TANT I W, 7 v& I U/, b
V7R 770, 7V, ERXAFVCERMLUTZEAB TR, 7 —% A1 F(0-FeOOH) D
v—r it E iz, A L7 2TOEESR(IEP), B XU EE % Table 4-1, 4-2
(R BRALER ORISR B RRIZ R T 2 A ORI G- 2 558>\ T, ZhbT
2 Wk S E A BICIEP<5.65 A&, 5.70=IEP<7.00 % %, 7.00=IEPZIGHIEL 3
DT &, FEREOBRMEZHNTHIZ, T5&, FHEOEHS TITEEITA
L EIETERPoT, L, BEEANNILSRDICONTY T REA FOAERMM
Ml ST, Eo, SEERERE ORREEZHTZE A, BLT I/ ERE DM
THEREZERTI2WEEZH D L, TARTX L ITAWEIv TI=r, Talyv
PISOREI T —H A b, BIOLVE RZ VA FOARNR ST,
ZNSIERTEORS T OEHW E TN LT85 & Afk, SLSRRRIc A %z
HZ LT, AL BRDOBADIER T D Z & T, Fe(OH), DA AMEI S 4L, Z OfEH,
v I RAA MEROERPIHI SN2 EBEZOND, T BIXEN TR ES
EHLTWD[B, 9], 7 /VEBEEERT S LT, UFOSRQ)ICBIT S
Fe(OH), DEM A L. Fe*NLL FD(2), Q)& L, Bb/KkEbgka Lk 5,

Fe?* + 20H- — Fe(OH), (1)
Fe3 + 30H" — Fe(OH)s )
Fe(OH); — FeOOH + H,0 (3)

Z DEf, pHOFPHIZ & - TUL T ORRILKERILER 2 51 5 [2],

pH=4~7 v-FeOOH
pH=7~9 vy-FeOOH+0-FeOOH
pH=9~12 Fe;O4+0a-FeOOH
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pH>12 a-FeOOH

FERTIX, pHE 7T ICEAR T, VERZad A b, =% A FOW ST OERKS
Hafizd, TOH, BMLET I VBOH 6, $EERERDOKRE W LAWIZT —
ZA NEERLTEOTEHRO N EEZ BLD,

IEP/NE VLA ZE W GAE. 72 VPO D VR F VDS H DM REE L .
Figure 4-7 O X D IZ85A%E & 5 Z L12 X » CFe(OH), Off&EMm EZenE £, IOk
A F U DEKIAI K> THHEDOEkA 4> & 720 | FeOOHIZER LT 5 Z & T, ¥ —%
A RMRPVE RS A ERERLTZOTIERWNEEZ LD, LirL, TANXRTF
VRNV H I VRO S VR R VIR RFE OB L RFIRFED ST O
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Figure 4-2 Structure of used amino acids.
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Figure 4-3 XRD patterns of the samples prepared with or without aspartic acid, glutamic acid,
cysteine, asparagine, and glutamine.
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Figure 4-4 XRD patterns of the samples prepared with or without tryptophan, glycine, alanine,
and proline.
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Figure 4-5 XRD patterns of the samples prepared with or without histidine lysine and arginine.
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Table 4-1 Result of the samples prepared by using amino acid reagents.

Added

Complex Formation

Precipitated

Structure IEP :
organic reagent Logp: T/ C lonic Strength  |ron Oxide
/ mol dm?3
@)
Aspartic acid H> || 2.77 4.34 20 1 Goethite
—C —C—OH
- O Goethite and
Glutamic acid H, H, || 322 352 20 1 enidocracit
epidocrocite
—C —C —C—OH picoerodt
Cysteine Hy 5.02 6.20 20 0.01 Lepidocrocite
—C —SH
@)
Asparagine H, || 5.41 3.40 20 1 Magnetite
—C —C—NH;
O
Glutamine Hy H, || 565 443 25 3 Magnetite
—C —C —C—NH;
H2 —
C :
Tryptophan / \ /) 589 343 0 1 Goethite and
yPIop ' ' Lepidocrocite
N
H
. Magnetite
Glycine —H 5.97 4.13 25 0.1 )
and Goethite
Alanine —CHj; 6.00 3.54 25 0.5 Magnetite
H
N
Proline C=—0 6.30 4.07 20 1 Magnetite
OH
No organic )
Magnetite
reagent
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Table 4-2 Result of the samples prepared by using amino acid reagents.

Complex Formation

Added Struct EP Precipitated
ructure .
i lonic Strength i
organic reagent LogP: T/ C e dmg Iron Oxide
H, NH _

Goethite and

Histidine C / 747  5.88 25 3 _ _
_— Lepidocrocite

Lysine c—Cc —C —C —NH, 9.59 (%) Magnetite

NH
Arginine H, H, H, H || 11.15 (%) Magnetite

—C —C —C —N—C—NH,

(%) Vv, TAX=UoOERERT. ®E STy
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Figure 4-7 Image of the scheme of the solution when the addition of aspartic acid in the ferrous
chloride solution.
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Figure 4-8 Image of the scheme of the solution when the addition of arginine in the ferrous
chloride solution.
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Figure 4-9. Image of arginine absorbed on magnetite.
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Figure 4-10. XRD patterns of the samples prepared from FeCl.aq with adding Aspartic acid,
Glutamic acid, Glycine, and Arginine.
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