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Analysis of surface interaction transition between different

interface structures by using probe AFM method
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Abstract

By using Atomic Force Microscope (AFM) with different type probe, such as, colloid probe and
Carbon Nanotube (CNT) probe, surface interactions between various particles and capsules with
different interface structure were characterized and discussed the mechanism of interface structure
design on surface interaction and macroscopic behavior of capsules and particle in liquid.

First, the core-shell type micro capsule with pH and temperature response was focused for oral
drug delivery system, DDS. To control swelling behavior of pH sensitive shell, cross-linking
polymer agents with different molecular weight were doped into shell structure and measured the
surface interaction between capsule colloid probe and mucin layer on mica surface. When the small
molecular weight polymer was used as cross-linker, repulsive force between capsule and mucin was
reduced and easy to absorb on mucin layer. In the case of large polymer cross-linker was not useful
to control surface interaction.

Second, the chitosan coated liposome for oral DDS system was characterized adhesion and
repulsion force on mucin layer by using CNT probe AFM method. By using CNT probe, the eftect of
chitosan coat on deformation behavior of liposome. In neutral pH condition modified in small
intestine, chitosan coated liposome increased attractive force with mucin layer, and -elastic
deformation behavior compared with original liposome without chitosan coating.

Third, ammonia denaturing isobutylene maleic anhydride copolymer (tradename :ISOBAM)
which worked as a dispersant of dense Al,O3; suspension immediately after addition, and then, acted
as a gelling agent after 3 hr. The time dependent change of surface interaction between Al,Os after
addition of ISOBAM was determined by colloidal probe AFM. Firstly, repulsive force was generated
and then observed long range attractive force, and corresponded to gelation phenomena of Al,O;
suspension.

Based on the above results, I discussed about the effectiveness of probe AFM for analysis of

various fine particles and capsules phenomena.
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ethylene glycol dimethacrylate (TEGDMA), E & BA4A#AI & LT 1-Hydroxycyclohexyl phenyl
ketone ZiE4& L., fEIREH 70°C T 30 4[] UV BBE@G65 nm) 217729, Z OIEWKIC
Methacrylic acid(MAA)/ polyethylene glycol monomethacrylate (PEGMA) & 5 (ZZE4&AI & LT
polyethylene glycol dimethacrylate (PEGDMA) % Jill 2. 72 /K¥&#Z % 1mL/min Oyt T T4 5,
TR TH, SHIZT0°CT 3040 UV IRE 217725 Z & T, aanA FRROT/ vkt
DHIEPKEREND, ZOF 7 FVRF5 Bk Z KT T 5 BHREZENT L. core-shell 7/
PRS- L T D, RIS 7= core-shell B 7 Lk 10> TEM Hit% % Fig.1-8 (2
R,

MAAPEGMA Further UV-

\| |"--\r\ln aqueous solution irradiation
TEGDMA (flow rate:1 g'min) > (T0°C, 30 min)

Ya

0.2 mM Shs U¥V-irradiation at 365 Colloidal pelymer
aq. solution nm dispersion
(TPC, 30 min)

UN-light
generator

= Dialysisin Core=shell
water for Nanoparticles

5 days & ‘ o

-t

)

-

11 nanoparticles33)

Fig.1-8§ TEM image of core-she
Fig.1-7 Preparation method of

core-shell nanoparticles (CSNPs) 33)

Z @ core-shell B~/ 7 )Wk DR & LL R,
@ core-shell S IZRAE T D KIE, % pH S:1F T, X7F REEEM OB A AT HE
@ 5%, BNOEEYE pH T T core-shell 23WiE, Hnz HIRIZ X D0 fRh b 14H#
@ /NGEER ., /INERNEO pH _EF-ZFH LT shell 2348 L. UUHE L 7= core 2> 5 I3
whitsinsd
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5, M)l HIXZ @ core-shell B 7 ki +-OFREGEEZE 2 T, FRFN o
ZAET D core-shell DA - INAEEFEYZ2 57 L T\ 5 P, IKEIERENS 42 J 2 7 vk
DOFFEESRMC L0 bhlg L7=F5 R % Fig1-9 (2R L7z,

core-shell FbDFLEEZ 7R L7z Fig. 1-9(a) TlX. core %53 DI TIREEIZ X 2 RFE5E RS
W L, pHIZ X D IRFEIIESRIMEIM L7z, shell 55D MAA & EG O 2% 71 L 7= Fig.
1-9(b) Tik, MAA O LV | IREEFEERITEA L, pH (2 X 2R3 58 0
TAOMEMB RO, 7o, shell TG ZfE L7z Fig. 1-9(c) TlX. pH ARG
P> U IR ARFENZ AR =R O N L7z,

Fig.1-10 |Z shell 5% @ pH I L DHEMH - IWHEEEN A =X L &R L7z Y, pH EHIC K
% shell DML, shell 1D MAA D H LR U EOAREIC L DAHENRBIER 25
N5, shell (%50 MAA OHENINZ LV HVREEOEEHSEM L., pH (2 X 2 I M
InlcE, BEx b,

core-shell 47 7 7 /UKL 125 O FUETEIZBE L Tix, X7 F REEY TH H /3 2
AT EA VR ARG E LT, RO pH 28 S 72 & & DD R ORI
EEREZFHHL T D, EBLLDOHEYOIZETEH pH O EFAITEWIEY B RS TREERY I
MLTWDZ Enb, BToEYMRE, MM TOEMBHPERHTEL T LREIN
Tco F7c. core-shell B/ 7 )Vki+ 0D FRGHIIA OB AEFE S (tight junction) ~DZNHRIZES
L, BRI E I 8 A ik b7 % 2 N 7 L (FD-4) 2R A L C LI g % Zia 3 %
FD-4 ®AWETHZ L TIHMEL TWD, Zhick s e, F /7 FIVKITAF(E FO M FD-4
OFEMENRT ELTWDZ b0 | core-shell HF/ 7 /VRI¥-73 tight junction % §E7E
SHDZENRBEINT,

T LIEREE NS core-shell BT 2 VKL I3 THALE WAL MEIZZ LW T RPE3RY)
WXL T, WIEEN R Z M ESE o aiErndH s eEX bz, £Z T, 2O core-
shell 2~/ 7 )V EEFNBORT 13 38580 % e KERICRIH T X 5 X 512, /MGIZEIRIITHHE -
T D5 NVEBEORGTDMEIZRD, ZODIZE, BT dmeInign
shell #3& T, /NMETITATEMEZ R L THIE - I S5 WG 2 & BRI L2
b5,
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Swelling volume ratio

Fig.1-9 Swelling behavior of various CSNPs
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o 5" Increszed pH I e
L = — e
- — e
J Decreased pH | ' i T -J'I:_Fﬁ I
Gredt PEG chain

¢
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@ g €y - 0l

Suen
H _l:_EHE_ ‘:HE_‘}:I_

Fig.1-10 Swelling and shrinking mechanism of core-shell nanoparticle
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(2) Uﬂ_sy_-b@ﬂ_\gu'?h—:]—?/r\\/y“c:ié%%
ALY R Y — L OMENINZ ., B RO RICEE SRR DR R Th D,

UARY —NINEE — EEI R S Nk TREX A Fig1-11 1 3R$ ),

MLV Suv LUV

O=:JEW MLV:SHERYEY—L
SUV @ & —M AR # o — L
LUV AE—HfR) K —L

)

Fig.1-11 Structure of liposome35

B RT I, VAR —AFREL T T, ZEEUARY —2 (multi layer vesicle:MLV),

INSTp— KU AR Y — 2 (small unilamellar vesicle:SUV) . K X7 (large unilamellar vesicle:LUV) .
D 3 TN DD, MLV DHMEIL 0.5~10 p m THY, JREZKFHRITE AT HIZT TE S IR
TED, JEE ZHERFLEROIDIZAN A THEHRSTEY, ZEMEDN B IEAIEDORFFATED
KEW, SUV L MLV Zl HFHRALE 52 & TIRCE, SMEIT 100nm LU THD, J5HE — HEE
IT— B ThHD, /NSNDTE 1 HAN R E DRFHIIARMETEN . BAMNE~D targeting > A7
LTS, SUV A HZEA LT WR R DD, MLV 2 )72 A XD R & 12K 7
— R TN E =L TERSE LB AHO T LN TE BENL—ED LUV 3 TED,
SRIT 0.1~1 p mThD, ZLOERNERFFTEDONEFTEN BRLST<ENLT U,

1960 4RI Bangham (ZLVYARY — ADFIENHIEIZSND L7, ARV R D G~
OFMNZEA T DA 7E 3B S AU, AR T A4 L L CURY — LD [ RO F I3 5
S RN E SN P, TE, VRV — A M OB KA H IV RY — AEE T
(CARY=F L 7Y a—)L (PEG) &AL >, FFIRIES; L OBefish =647 ES# 20158 Y | PEG
DENEME I E - TR DN K45 accelerated blood clearance (ABC)EIS: *40% TTAk -4
DHfGE A B NI DM BRI DB BT T REYRY — AR EN Mg P 8
TR A 2 A AT L2 22 U A B ] (enhanced permeability and retention (EPR)ZNE: 2 )&FI L .
IRVEMERUS AFZ NELTZVARY — A2 PEG 22 —7 47 L TR LA ES EAMEZE 49, %48
DD, JBAEBIZTIARY — LBFOBIFICBI T DI ARNT AL ) GEAFFAF 0328 #5 19 75) % 2016
M3 AIZHRATL T, VR —LFITE O e &SI CTd,

VR —MIOF ORER RS D EENR S DY VJEEN G 72 b TN Emn., @O
BT 7 4 L Z —Film 7 I X R EROFIEA R, B X OO E oM AL %
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BZHZEIZKVREICEMEFF D, REZ S THEMMAFRE, 72 EORMAER LT
BORETHAAENHEARE LTHOWLOND Y, S, A AT 7 /aP—0FELD,
TF B L OEAMEEY OBRBENRITEAICRY . ZORIZEDRIIEDZ LW DR%
W B TR K D EDOREERIEEIZ B LA EE - T D,

URY — LERED R L DR EIEDO —fl & LT, M BIE. W OhDRT <=
—ZOWNWT, VRV —AERMMOEMNFTRETHSH Z EE2W LML *50, Bt LR
~—X. Ol HFH7= 0 1~EEOBKIEE TN U B b U7z K & 51, @81
KEDENA T MEDEDF D2 Z A FITHHTEDH, HiFE LTI, R =17 )=
—L(PVA)DRIGICEHT L F VLA EA LT PVAR 2 ETH D, %E L LTI, FRTHS
AT ERFER N OGN TS F FH(CHR, ZBFEARY 77 VU LR Toh 5 Carboxyvinyl
Polymer(CBCIRPEH L4 @ W —HRA—/) ThH D, WHFOMELRI-EH7-DIC, A 4 %D
AU T 7 UNLERICEKEZ L 2T 2 — /L& A L7~ PAA-R HLRRH S 7=,

X MU OEAEEXE Fig1-12 IR LT,

OH
H o O
OH H
+0 H
. H  NH |n

Fig.1-12 Molecular structure of Chitosan (C¢H;11NOy),

abLRATa—/b, BETAXIAED L) RBOKEEEAN LR ~—TlX, BKENY

RY—LFE “EFICEAT D Z L(anchoring)ilZ LV U AR Y —LAKmEWKEBTX D, 2L
21X, oo A MEFHOM B TWS PVA TH VKR Y —ARH~OWEI ST Z 2235,
RN~ —8HD—FRICRIISPATICE 2 > THE T 5. PVA-R Oa 1L, BUKEE D2 Y R
V— ARHENSLNEICAV AT Z 12k - T PVA $IZER D EEICLEHRLT ALY, &
MR L RETEETD, 20D, 350 E0Va—T 478, a—T 4270
JEONHIE S, 2—T 4 VIREROBEWRHL N E RoTe, —J7. A A U HAKEERY
~—DOBAEIE, VRY —LARKBEIRKGESOEMEEZ D ZLICXY, A U B AR
S¥a—T 474D ENRHEKD,
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Fig.1-13 |2 N9 U478 U AR YV — A (CS-Lips : 4y 1 150,000, LCS-Lips : 4311 22,000)
DY —Z BNRERER AR LY, 02MKOH & 02MKCLIZ XY pH OFEEIT-> TV 5,
BYETIEF Mo o7 I 7D HICKVHET L2720, EICHEL TW5H, HEEMTIE,
FRYoDOT7 I EIF-NH, & L THENIOBL § DX I ICAICHEL TWD, CS-Lips I&
7R ENZNTZDIT LCS-Lips £V bW EEEZ R L TWD, LR >s Ty pH
TG A LI LTI RY —b~Da—F 4 U T EEIFEITE 5,

—&— CS-Lips
—&— LCS-Lips

1 1 1 I

O 1 2 3 4 5 6 9 10 11 12 13 1<

Zeta potential (mV)
1=

pH

Fig.1-13 Zeta potential profiles of CS-Lips and LCS-Lips under various pH conditions”"
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PN BITREEM LT U AR Y — LAOREMA S LM T2 FEE LT, LT v b
GEIWZY R =L AT7 U —%E AL, HAERE -ERFBZRICa—LE =TT 2 —THl
ibtﬁ%&@%ﬁf&%i%ﬁwémmmﬂm%%%jbﬂoﬂﬁ%%%mgauaﬁ
L7z, Mt E ﬁﬁhtjf/ LKL ORFAEIE T, ERARE DT EFEENE
W, ¥ Mo T Vw—|Z XV EHEMLZY R — A THE LR, REMOSLS

TFLAEMNE LRV ODI ﬂb F Y AEH ) R Y — DR BT E RN E Do T,
it\ X M AEEEROBE KISV, ERBEMBED b,

20 r

L

5
=

® a3t
_S |
£ 20 |-
3 .
10 | 1 5j
Q _ﬂ L L il N b hekote
Hon Chitosan PAA-R PVA-R

Fig.1-14 Mucoadhesive properties of various polymer coated liposomes’ 2)
(Significant difference to the ‘Non’ *:p<0.05 **:p<0.01)

PN G, R~ — (58 U Y — LD EBOBE TORBBEO D, IEETEE I~ —

1 —Dil ZE A L=V fy—A%ﬁ v MoE%, IBEEZERY H L, LES L ——BEMEE
(CLSM) THIZZ L. KiELE « 2B o F ML 2 fess L7z 7
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Fig.1-11 |8 L7222 EEDO YV R —2A (MLV Lip), TR EV/WNERH 737 vV R
V—2A (ss-Lip), TN bHZ&EF b a—F o7 Lzbd (CS-Lip, ssCS-Lip) @ 4 Fi¥H
(ZDOWT, #5 2 R % OR— 72250 T, F#-l L72#5 R % Fig.1-15 ISR L7z,

CLSM BEE X1 V| Lip, ss-Lip WTHNDLGEH. F M AERT L0 BE N RENICHE M
DO LR ST, Fz. ss-Lip, ssCS-Lip (%, KL O FJE S Mill(basolateral side)lZAFTE
DGR S 4L, /NS WIZERBEIDZRO b, F MY BRI L0 AR SN B L 72
ATH. ZOX D RKERAETBZE ST, F b ORENIRGIRTLF O R R E T O
B, BAIZHD EHEEL TV,

s=C5-Lip
{ZB1nm)

Basolateral

]

Fig.1-15 Confocal laser scanning microscopy photographs of the lower part of the jejunum 2h

after intragastric administration of various types of liposomes ol
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R UM LTZIE D D, K0S LR T MM NHER SNz, ZIUTRREA SIS X
0. BENOBITEEN NS o TnHZ EEFLTWD, Figd-16 ([ZIIGE SN T
DOFELFT HHEMEREDOREHERZ R Uiz, ZOREND S, ssCS-Lip BMENT-IHEMEE
ALTWD,

100 | |
B ssCS-Lip
80 B CS-Lip
ssLip
=X O Li
> 60| P
W
o
()
40 L
20L N
0 . | i g
D & & &
G@P a‘:‘\\' -\f“\} -é‘\}
¥ & ¥ ¥
Q Qv} $@3 \)QQ
O NS

Fig.1-16 Retentive profile of various types of liposomes in the gastrointestinal tract at 1 h after
intragastical administration’ 3
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1.25. 7 a0 —7 AFMIEIZ L D~ A 7 v B 72 REEE O AT {51
(1) core-shell 15~ 7 77 VR D FEAM

AIEIT 124 D(N)EEZZ oA R7a—7 AFM iE2 W ikRiizE ch o . 56 =D
eI EBE DR N B TH 5,

B HIETH)I S ERLL 72 core-shell T/ 7 VRl 2 MEEEHAEwB L, /2 7 VR k¢
ERITEANT, aaf R7a—7%ElT 52 Llclkeh Lie >, f7a, /DI ISy
ThdLTF U HHKLE LT~ A DERITRESE D Z LT, 7/ kit AF
AAER 2 E&RICHIE Lz, Figd-17(a) 80K, Fig1-17(b)IZ D BERF O 7 4 — A h— 7 %
R U7z, Figl-17(@)2 6 8 O 24595 pH=2.2 OERMESMECII) /7 ki - A3UHE L.
shell JBD COOH & MEHEL TWRWDO THELBIEH IR L3002 5, pH>6 IZ72 5
&, COOH JEN-COOSE L 72 W BIZHET D720, T/ 7 shell J@03MEH Lasy 1-8H5
JRISD T, mEEEED O RAODPBEE IS, Fig 1-11(b) D4y B Fe Tl pH<3 Tid. shell
JE RIS D72, EERFOEBEREFERIIBIE S nvZe v, pH>6 TIEma F#EBIEN 5 Z &
T, AF U EOMICBEEE R L CREBBEO S| D RBE s T,

ZORERNG . HILENTO B TR AEER LD =i, MEWNERO pH TiE, shell
DG L0 | SURBEE R DKEE ~DfEZHET 2N 1H 0 . R OAKRD B
T, WP EHWNE OB TIT RN MEIK X 5 72 shell OREERFNMLETH D Z LR ENT,

00—

Force [nN]

Force [nN]

0.5

?,'f‘:;'::f.ff'.'tj';'.;;:s'{,-,' I | L ! \
P 0 200 400 600 300

0 20 40 60 80 - -
Surface distance [nm] Piezo displacement [nm]

(a) Approaching process
(b) Separating process

Fig.1-17 Interaction forces between core-shell nanoparticles and mucin®?
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2) VARY—L/t MLIET VT I U HSA)EFE A/ ORIE

ARKIEKOWRDOB)YHEIZ, a2 A 7 —7 AFM EEHWZ U R Y — 20— TH 5,
BEFEOMRICEE SR N SR WN, FOREMTEE L CHMNT 5,

apn A R7a—7 AFMEIC L Y U R Y — L Z 3T 50772 ¢, . Tarasova 512 X V{71
TV ¥, URY—LEar 7 hL oy AORNMNCERAT 5 2 & CTEHGER 223K K D48 5
AABINTND,

ZORIZY R Y —D~DE X7 EOREMEFA D720, MiFHFICE AFET D5
JEDOOESTHDE MLET /L7 2 > Human Serum Albumin (HSA)% W75 L 7= SiO, K1
DawvA R7a—7TURY —LEDHAEMZRHTF L TWD, HSA #4% Si0, 7' v —71%,
MR AFM fREHZ SiO ki1 % #8235 L C1ERK L7z, HEPES (CsH1sN204S) #EE{{ 1 CH T4 >
PEORY =F LA I U (PEDRIKIZT n—7 %2 LT PEl W& SH, I F L —%8k
ER CYEE% . HEPES &K C HSA Ak % N 2. HSA W7 7=, Fig.1-18 |Z HSA
WEOFEIZLD, S0, an A REURY—LBDT 3 —2AH—T OB ZR LT, B
DOFFE T HSA 2L V. (b)0.55£0.04 mN/m 7> 5(a) 0.17+0.02 mN/m (2 L7z,
HSA KA DA L O RET TR R ERe 22 B L L 5407, HSA 13RI A5 15 4
ERILICKWEFHMECTE 72, ZOWERTIILT L KERZER TRV ANMET O
fEICH TR Y, HSA O EZETITEIIRE SR D L PRI,

E T T T T
5 -
4 -

£ E .

4 =z ° 7

E E

4 x 2

™ s
1
0

-1 1 1 1 L -1 i i
0 20 40 €0 80 100 0 20 40 60 80 100
Apparent separation distance (nm) Apparent separation distance (nm)
(a) Albumin-coated probes (b) Uncoated SiO; probes

Fig.1-18 Approach (marker O) and retraction (marker .) force-separation distance curves ,

(approach rate , 0.38 pm s-1)55)
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(3) AFM & W72 U 7R Y — A ORIEREA

HEF S, REEHOBEN =R ROKFEY A Y — A0 AFM K im i & &) Ykl
(DLS) ZHAA DB THIMRELEZ1T > TV 5 20 [ U R Y — L DL EHELHA D fik
HRRE, P IEBR P 72 & DR S A RSB 5, Fig1-19 IZ AFM IlEIC L D U R
V— Ll ER LT, Figd-20 O X DO W E DI~ A D FEHRICRE S B 7-BRICHE
TOSNTLEIN, VL DIIEREEZE->TWEND, ZDZENnE, FTRDXIHIZ
AFM M oELNTZY R Y — LD E &% DLS ORI TEISD Z & THIMEDIRIE L LT\ 5,

Mode of height of adsorbed particles(H)
Particle size of particles(P)

H/P=

H=AFM ® 10um F-H DTV TIZLE LI TO Y R Y — LD E S
P=AFM ;€ %7~ 5 HilZ DLS \Z & » THIE L 72 ¥R 7%
(a)

H/P=0.19 H/P=0.69

H/P=0.89

Fig.1-19 The effect of cholesterol concentration on the liposomal rigidity’ 6

Fig.1-20 A schematic model of liposome adsorbed on the mica surface™®
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1.2.6 DDS (B9 2 BEAEDOHIEIC I 1T % ik

PLED X 97, O X 21 baE To DDS I L A3y 4 B 5 L 7= flKI3% 3
D ZIVE TORFFEENANZFE SN T, IRD X 9 i BE@RARFZEDO XS & LTl vz,

O /MMETOHEAF ¥ VT OFE - MR FIZBAL T, Fig.1-15, 16 IR L7c L 9 725
BRCAERISE 2 AW EES 203, v U7 LA S O AE/ER 2 BEHERE LT
HOTRL, MEBBIZESW - aEE ORI PREETH L, D7, w75t
RELDTZ, < OFITERA LT 2T T2 7220,

@ Fx V7 ORIMEMNT, FEMEERFNI X D22ENE , REE, BAMERSIE, 1k AFM (2
FVBEITSN TS, AFM BRIZ K 5FHEAETH Y | EEICHIMESE T2
Al CE TRy, 29 Lie, HFEREIE. EROERZ AW ik E O migelisRik
R ETIHERHINETSH 5,

@) HSA & VRV —AOMENERASL. VR —2ORMEOFAGIZ. 204 K70 —7 AFM ¥
DEDONTWDHEFNLIH B0, EKT KR, 2570 E) & RmEEssit Lz
DDS 7 7 &v & OO AEAER OMITITsE E R S iu7au,

U EDRNG, 7u—7 AFM L% . ARHE & FUmig &gt L% v U 7 & oM AR
OFHt. KON F v U T 0N FEREORHRIEICTE 288 T, AR OBREZ i L7z,
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AKETIZ, auAf R —7 AFM EICE2BEMHAOE 9 —oDx%ThirtT7I v 7
REEHY D43, 7 et AOH T, T 2 vy ART Y —HTOR AWM ABAEH O
HOEEM 2 L5 AR BRI AR T 5,

130 5 <o s AFRME T 04 - BEEG: & R

Tr7A 8T I v AOMELE LT, R ENRY T I 7 a A X0+ NHVG
Do WHRITIE. 54 - BEMENES < BT I v 7 A —KIEOT-DIZFHATHAZ Y —D
VERLURRIZIR, TR -3 R IS ) — 2 BUR B A IR FF T D LD B 5, PR F- D73 IS D
W T, Derjaguin, Landau, Verwey, Overbeek (2 & 0 7L S =B imnidb 0 . #% 5 0HE T
5 DLVO Him & an s Y, ZoHi@mITAkRa A RIZHOWT, KFIIFETEHA 4
ICE VRSN REER ERBICLDEENIER &, vander Waals 1B B L7125 x2 5
Thb, L, EBEOET I v 7 270t XA CIREHENRERT T TIESEOMEEZIA
TH D0, ki RENCE < FEAIER X, DLVO B TEE L-1ER 72 THlfE T & 2w
BN SHAFAET 57, BlZIE, KR EICRAE LT @0 7505 -850 2 151 5 STiRkEE
A, W, WA LToma FERL IR BIERR L CTA C D51 IMER | KOFDRLF3R
M CKFIREE ZEY . SIRBEENRFRI E R D KFFRTT. KWED DR RBICAFE L,
K- OEEITICFR S, £720351 I1EA % Z 9 Depletion 205, ki 1-IEBhIZ I Y R 7R OFRIA
DPERR, RASNDBRIZE) S TRIK N FRIER 722 ERZET 65,

HHEE S DRARIFICESE L, 2k o> TH & 2 SN 5 SAREER RCEE T AL
ERIZ. A7V =28 T 587 I v 7RO - BEICRELSFHFET 5, i rRmII%
B LTEESDFICEVEEL SN SECRIE. & bR & OWET1H58< . &
RN E o THBEEARENTE RV EZEEDNEH N ELH D, KRAT U —ZIFThe<
HHEEARA T U =2 L CHEATED E WO RENH 5,

B IESTHICE ENDEEOVGET A MK VR FREICWET D, T OWEDE
BEIT Fig1-21 1R X H12—7 « h Lo UG BOV% 5L = & T RREEER BN S
EINTWD, B FORERE LA ERRL, MimdWaE L CREEFIZH TV AL
EL—7 ., RMNHBETOLIH A2 T — IV EMES, V—7 « F LA UREEITDEDOTZHD
NERBEERINCEH G T D720, HCIRBAHERF T 21213, WA S Bia 3 WG 11 D5 HEFF
SNHZENROLND,

T - e —

¢ J

% .

Fig.1-21 Loop-train-tail structure* Y
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132 I I v 7 AR atv AD5¥E

T 7y 7 RAFEM R EZ P L TA T U —bBDORD T at X & LT, LERIR
CHRIET 57 a2 M0 H 0 K& 5T CTHRRE LB nd 5, kB, #
7V —E W FE R BT 0 mEE O @ WKL L BT, &RICEE L, EE T
G A G D BTV ARIBIEN K Th 5, AT U =%, FEH OB % &
DLOERALIE S H D, ZOHEIL, HEBEMARERO® T I v 7 R0 &I LT
TR FETH D, L, @MEDBEBETEELTNEL, FEERFOERIRR & 7
B BELATZRTIO, FRIARZ T LBNCRE, 7038 BIEEZ T A BEF I AL,
WA T, FHWNTINERIE T 5 i 7K ENNE(Cold Isostatic Pressing, CIP)EZIE S AW
HiILD, CIPIBIRITE Ao/ NS < BERIRFOEAD D72, L L, BRI
RHIH DT, EHROBIN TIE, Bk, N Ta0E L7225,

MRt L L TR, ABERICH LA, HUE 2 AEICRINSE D 2 & THRIBAZTT S
PRABRIBESCH L UARIBIEDN S D, E 72, JFUBPRL 1 2 BArT ¥ AT RE S5 O A BEAEE & N
AR L CeMICH L, @MAGBAIL TR Z G2 HHBAEL H 5, B IROR
A ERE CTERT 2 2 08 TE, K OBE HIZIFE I LTV E WS FLEEZF D,
L L. 30wWt%EREME 22 EAM Y ZE&Tei=, MBUC X BRE (BiE) 1T RFE 42 %4
5280, BIER ORI EOMBENH H, WINOHEL, RIEROREMICL Y . KIE
IR IFRERL - ORLEE AR OB IR I i 72 T U, BERERFOERIRR & 725, =
D LTEHREM Y FEL LT, FAX Y AT 4 TERD D,
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133 T Fky AT 4 Tk

TR ¥ AT 4 2 715 % ORNL(Oak Ridge National Laboratory, USA)D F— AIZ &
STHEINLTETHY, ATV —IZBMIETAZ 7 INVEET I RREDE /) ~—D
BEPINMZ Lo TRy MU —7 2R LML S B RIE 21T 2 TiETH D, RER
71 —F v — % Fig.1-22 |27 3 ),

Fig.1-22 General gelcasting process flowchart®”
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Table 1-2 Examples of dense ceramics produced by gelcasting process,

by using eco-friendly and toxic-free gelling agents®

Powder Gelling agent di::i; st?z:rlh dl;i:;(:y Reference

solid loading [vol%] [wt%a] [wt%] [MPa] [wt%] | paper No.
ALO3 50.4 Agarose 1.0 63.0 -- >99 7%
AbO3 50.6 Gellmgum  0.5-1.0  55.1-59.6 ~4-5 97.1-98.5 )
ALO3 50.0 Curdlan 2.5 56.5 3.7+12 98.3 50
ADLO3 55.0 Egg white 6.0 >60 73 ~98 §1)
ALOs 53.0 Gelatin 45 - >8 96.5 2
Hydroxyapatite 41.4 Agar 1.5 52.7 - 99.9 83)
7102 20-39 Agarose 0.3-1.0 46-52 - >99 66)
YboAlsOn 50.0 ISOBAM 0.4-0.8 52-63 142-18.7 94.0 89
MgALOs 50.0 ISOBAM 0.1-0.7 60.5 26 99.5 85)
MeALOs 61.0 ISOBAM 0.8 65.0 145 100.0 56)
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Fig.1-23 Molecular structure of ISOBAM104"
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Fig.1-24 Effect of ISOBAM addition on zeta potentials of Al,O3 suspension *
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Fig.1-25 Effect of [sobam content Fig.1-26 Solids loading versus storage modulus

on the evolution of storage modulus and gelling time of slurries

G % with different solids loadings (0.3 wt% Isobam) 30)
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(a)Bending (b) Twisting
Fig.1-27 Wet gel of Al,O3 (50 vol% solids loading; 0.3 wt% ISOBAM)*”

M) nm

(a) Raw AL,Os3 powder (b) Fracture surface of dried Al,O; gel
from a suspension (50 vol% solids loading;
0.3 wt% ISOBAM)
Fig.1-28 Scanning Electron Microscope (SEM) image®*”
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2.1 e

EALFOZF LWEHRICL Y RTF R, ZoRT B Y h RSk
RIEFNOFEFLIFHE RO, LorL, XTF RBIRFY U RI7ERDIR
REOROFE LT, BTOXT 0L MR LD 0o, 3
HANROREZZ T WIS D XS /NGHME ETHEERSR+5
R NIV IADRPMENZ ERFEICR> TS, Tz
RTH7dic, WERAEHEBE COXT T NIEORESREAS & MW L
ZAMELLE RN vy 77U AN =% U T REHE, EHINHEDEAL
TWb, To—flLT, Wls P EF, REEEEO S D
poly-N-isopropylacrylamide (p(NIPAAm))/~1 R = 7 )L % core & L. pH /&
B D & % poly-ethylene glycol-monomethacrylate (p(MAA-g-EG))% shell
&9 DDS AT/ 7 Fx U 72Uz, 295 Lkcxv U7 OFHE
L LT Cleary 50 FIEIZESWH T BHEH ) X, HiJIl 5 D core-shell
Wy ) PN VT HEESRICLIZ-an,f KT u—T¢, v~ BEHEIC
AR LIZANLT AT Vg & ORTAFMUR - H ABEBE) 2 BT 7 + — X
B =72 WWE LT, £ORER. BV pH 5 T shell J& D ILHEIZ L v ik
HEE oMo RBE SN, —F, THMIEO pH ZfFTIX, shell
JEORHIC X 2R TOREBEHENS ORI L, SHEEE TOREL
7z shell & AF UHOEMICE 2 RBEHESI AP BESLT, METOx
YU T OMNE - HEEOR EOOIZiE, Pk TcosEEERE TCoRE
BBl N Z/ERF L e D, #BERORBHR D ZME T 208N H D &35
bbb,

ARBFFETIE, DEFO T TORIOIRIN L 72D shell OARKE R
I Z #0957 8 | Shell #E1E R ITZREAIZ RN L. 2 BERF D 5l ) % e
FLRDOEEROFRDOBEBATRENZHRF L, BFEH L LTED
¥ & @ polyethylene glycol dimethacrylate (PEGDMA) & K7 7 & O
tetracthylene glycol dimethacrylate (TEGDMA) % iV, Z8EHI D575 7 &
D B BEt Lz,
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2.2 EER
2.2.1 core-shell B F J 7 )LKi+ D core B4y O 7 dl

F VKL IR R ER A L ESETARR LT, core & 72
% Fig.2-1 (a) IZ/Rk L7= NIPAAm (BLAF:) £/ ~v—I%, TOAMPER
EDOTOBERIELbOEEHNT S, Z0OF /) v—100g IZ bz

(FnYEMidE T2M) 300mL 21 2 THEBICEM L., n-~F ¥ (Rl
HTEM) 6LE2d->< 0 EMxAGROSIRITHWER S E T, —BiiE
%, el AW LA 1 HEARZEBESE, BB L% 70~80g Aii % D NIPAAm
HiESm A2 S, ZOHEME NIPAAml.5g (2. ZR4E#I & L C Fig.2-1(b)
T n=3 &£725 TEGDMA(R U %A = A45)0.06g. EABMGA L LT
1-hydroxycyclohexyl phenyl ketone (7 /L KU »F - &I /L) 0.06g,
G Al & LT sodium dodecyl sulfate (7" 7 A4 7 A 7 %, SDS) ® 9.88
mmol KIFWK 3g ICKBEKEZMAZ., 75¢ DRR = 57-, ENRBEE KM%
WET D7D, 6 B OWREHER Lz, WiKEHRHE LN, 70°CT
HEFE LI & 365nm O R4 & 50 2000mW/ecm?® T 30 2 B & L I8 i@ 14
60°C CENE M L 7R E % core H&E & W72 L., BHE SR
98.8% MM L NT-7-0 ., T %A core ks & LT,
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(a)Core component NIPAAm
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(b)Core and shell components as cross linking agents,
TEGDMA (n=3) / PEGDMA(n=22.7)

OH
0]

(c¢)Shell component MAA (d)Shell component PEGMA (n=22.7)

o,

O

Fig.2-1 Chemical structures of core-shell nanogel components
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2.2.2 core-shell B 7 F ki F DR

shell D& AT, BEZAE D5 A | Fig.2-1(c) (ZH3E A 75§ methacrylic
acid (MAA) 0.246g & \Fig.2-1(d) (2% & X % 7R 3 polyethylene glycol (PEG)
LD 4y 7B A 1,000 TH Y | A FIVHE TRIEGE X U 72 polyethylene
glycol monomethacrylate (PEGMA) 26mg., @ IR K Z Mz 75g &
L7zKEBEHEZRE L, 2.2.1 THE B ILTZ core K & B 2. shell &
Et O KA % 0.8~ 1 mL/min O3 E T F L. 8 2,000mW/em® O 4R 44
PROME & Ht#R %2 S 512 30 43 ##E L T, core-shell #ii&E & K->/ 7L
ki A2 L7z, Z O E shell X p(MAA-g-EG)D 3 R TT'E ¥ & FF o
Wl n D, BIER A G T shell DA 1. MAA & PEGMA O E LI
B E LZRER O F /LT 0.08mol% & 72 5 X 5 UsHl L 248 shell &[R4
D7 ATH F&KRLE, 22EAIT Fig.2-1 (b) 12 EX %2 ~7 PEG
PO E A E n=3 ® TEGDMA & . n=22.7 ® PEGDMA % 7=, 4K
Lz 7 FARi I3l v e — AFEHE A L CARBEAKF TS HH
FEHTVER L7,

223 VU UVEBEBEKROFAML ;) ALK FOERKBBEE., Lk +
7o H E %

U oBRmEmR e LT, U AKFEIIY U LA (FIEMIET IR, HE
99.0%LL £y, MKV UERKE S MY DA (FOLHMIE T M, ME
99.0%LL k)., U (A L F T 200, 85%H3PO,) K Y., ik k
U o AR b T3#M9.5% 0L Ey2 v, BEE iz LY pH A2 A 2
KRB EERE L, HIbFT Y U AEA A8 0.lmol/L & 725 &
IWML 7=,

TNV DY VRBEER T COBRXIKBBEEIL, z-T7 T T A Y —
(HARNLZ K, BTV 502), EER FRITENEBELIE(w Vv N—2 - A
VA RNV A Y EFT L HPPSOO)IC L W EFHI L7, VU o ERiEE iR O pH
L 3~8 o#H TELIE T,

224 FHFANVEREMNT-agS R — 7 HRE

an A4 R7Fr—7 AFM ORI F1Z. BEH Y RBICU T X r & %
TIAH L7z, core-shell B 7 VKL /KR % . pH=3.5 OV > Bk ik f#
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WK K - TR D 0.05 mass %l b X9 FmIR LTz, Z DB
EREERICL > THA LR EIcA 7L — LK% 24 B E 22
L. Fig.2-2(a)lo " TR K Z 57 7, Bon-miREodn s
~ A7 A—F—DOHERIKERY, R VLFEKEICS /e~v=Eal
— g VEEICE 5> TAFM H ® 7 v — 7 (Olympus Corporation, Japan,
OMCL-TR800PSA-1)IZ#2% L | Fig.2-2b)D L H7sav A K7 —7 %
Ul

NONE S 5.0kV X100 100 m WD 16.2mm

(a)  Freeze-dried nano-gel

NONE SEL 20kV  X3.500 1gm WD 152mm

(b) Colloid probe

Fig.2-2 SEM image of freeze-dried nano-gel particles and colloid probe
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2.2.5 g~ A bW OFEE

LAFUBEIBRT HDIZDOERE LT, ki~ A B 2RO K D IS
L7 MOk~ A I (RIL 0 EZRREFT) % lem A T LEEEI Y H LT,
S CEBEB LB m A2 A L=, R OBREORE YR 5720,
LLF O 2iTo 7, Ve HEIZ Crass 2 LB 8 oD HED H b b %)
EREONEZLOERALE, T bbb, BHEBERDLME T EM, ME
35%)& A X — )L (FIOCHIBE TR . M 99.5%)% 1:1 OFREETIRSG
L, ZOHFIZERLE~YA IR ZREL 20 oMEL L, BHiKkT 2
B L, Wal Aitk, IR T2 RFRIEZE i Lo, WRICIRREE (R0
FETHEM, 98%)DOHIC~A WREIRIEL 30 ML L, #@iiAKT 4
Bl L, Wal Ak, EIR T 15 R E 2R L7,

22.6 AFUHE~A OB

ST IIVBBEROEDICAICEEBL WD YD AF L o E RS
NEGD DL, ~AhEEE, TI /) REa2H5TH 0y 7V 7HTH
% 3-Aminopropyltriethoxy silane ({F B k5 T3 M . APTS) I LV & L,
FmmAEIEICHE I,

FEEOMER ST EIL, APTS hb - U E# (0.22mol/L) %2 =10 7 T A 1|2
A, MNOCOFANVNNRNZAD R T LN WG~ A D E2IMA T2, 12
R R R IS L, ML= ISR D RIS v 7Y 7 #l % B
FEL110°CT 12K Ly Ty 7V U TEM LIz~ A T EET,
WA BRI A &2 AUV 7= 0.5mass % 2 F 2 (FOGFSE T XM, Ko H Hk) &%
BWHICIR L, 24 B < VLT, ~A D Z2HV H L 1 Bl EZE
L., FO15 oMK TT T, 24 R EZGEL CAT U ERE
~A N ERGE, iE~A B, APTS Efii~vA ., 2F U ERE~A IO
FhEn oz R M BEME (Bruker Japan Inc.. AFM.
PicoForce-Nanoscope 1lla) THMmBLLE L7z, S HICWH~A B KA., L
F @ F T O B AK M FEAR O 72 K & DEfh A A BLERIE LT,
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227 F T NVER-LFVEROMEAEROREE

fEk Licam g N7 a—T & AF v~ A W% AFM O H &L
CEE L, U UBREEIRAKBRET C pH 2EX BB L 7+ — AN —T %
HWE Lz, =Y OBRENEE T 1.96um/s, EHME 1% 3 aN IZHEE L 7=,
B FLULR=—DARERIT, adr—ZA0KED > ThHDHI—~ /L
FTa—rE-PNCLVRAE L, 25 RORRLIGHTH 2 BISOGF
S0 [EIOWPE L., HEHAYZRWLIRZAT o T2,

-47 -



23 FEREUEZE

2.3.1 ZBHIOEEL pH OB T ) FIIVKLF O E¥ R+ & ERIK
HBEHBEICRIEITE

Fig.2-3 [T WG SR AT O U R REE R C L B RO BELEIC L 0 flE S
DT VKA O R B M IE T pH KON, shell ~ D ZE 46 Al RN
DBErrT, =7 —N—[IEERELZSL TS, BEARNOA K
2% 59 pHS LA F T3k 781X 350 nm F2 . TH 5, pH=6 L LI/ B &
600 nm 2 & F THIN L. shell DEBENHB SN EEZELBND,

| | | |
700 [~ T -
52 T T
24 el P ¢ [N
g g" & Non-crosslinked . ==
S g O TEGDMA ¢
55 so0f A PEGDMA —L= _
o %‘ 1 -1
14
é g 400 - :}; -
| | | |
2 4 ) 8

pH[

Fig.2-3 Effect of pH on mass median diameter of nano-gel particle with or
without crosslinking agents in shell determined by dynamic laser scattering

method in phosphate buffer solution at room temperature
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Fig.2-4 |3 2845 £ 7213 0.08 mol%Z& 4G shell . 555 F / VKL DE
SKUKEBENE & pH OBGERT, =7 — AN —FTEERELZ L TNVD,
T TNVR A OFEESIL, pHA~S RE T, UV U BEERE RO pH 238 N3
HEEBICERIKEBEENAMICEML 72, PEGDMA % 72 1%
TEGDMA T shell Z284& L=/ ZF vk 6 ARG & [RAE O %2 7~ L

7=,
| | | | | | |
D4 I —
- € Non-crosslinked
el =z o TEGDMA -
i
: PEGDMA
E 0.0
g T
o ==
S2.% 02 Y -
2.7
4.4 = =
04 —
§ i
& i o
06 i —
D8 £ A -
‘10 | | | | | | | =
1 2 3 4 B 6 T 8 9
pH []

Fig.2-4  Effect of pH on Electrophoresis of nano-gel particle

with or without crosslinking agents in shell structure
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232 SAIRE~DOD TV U TREA, AFURERBOHER

~ A IREBEICEMAKZH L CEMALZEIEL, v A1 THBRKR~D >
SUN TV UTHEIR, FOEOLATF UBOERBINE A B E L 72, Table
2.1 I EDFERZ R LT,

Vet~ A DARIZKE T DK OHEAMAIL 21 ETHo7o, THIZ APTS
W E LT OERAIL S ML BfiKEEZAFT 5 APTS BRI IZ
HEINTZ EDRMRINT, SHICIOERICLT U E2REITED L,
KR OEfAIL 32 FICHAD Lz, 2F 38 AkETHD D, 208
ik ZEALIXT LT UV EOWEZTRT D EZEZILND,

Fig.2-5 X~ A I, > T v FV o 7HID APTS £, bF A
BO~ADREEBE LI AFM A A — Y %2R T, ¥ A K Fig.2-5(a) T
IZEIR AN BLE S 72 A, Fig.2-5(b)D APTS D& ffi i TlE 20~30nm D
HEIBRBNTZ, AKFRETIE LT U2~ THICESWESIED D, ¥
T H oy TN T HIO S A& /N TE OISR T e K R o S
T ETo7z, ZTOE, KREOMMABLE SN, KE PHiX,
WRE 2T X0 ZREMMAA U, Fig.2-7(b) & FEk7R AFM A A — 2 >
IR/ ONLZEEWMELTWD, A F 2B L7 Fig.2-5(c) Tl %
FICEVHIFIERFTLE, AFVERERREREZEVRT VI &I
Efremova b "N X 2B R &L TW5,

Table 2-1 Contact angle of pure water droplet on original and

surface-modified mica [degree]

Original Mica | APTS modified Mucin coated
21£2 9543 3242
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2.0 pm

(a) Original mica

2.0 pm

(b) APTS-modified

2.0 pm

(¢) Mucin-coated

Fig.2-5 Three dimensional observation of original and mica,
APTS-modified and mucin coated surface by AFM
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233 F /A vaaf R a—T L AF U ERBOMBEANER R ERE

Fig.2-6 |X. pH=2.6, 6.1 X' 8.1 & pH # & b & W 7=V U ER/KIEIE T O
BHEBBEO 7+ — AN —TOREMEDO —Hlzrmd, ZOXIL 234 (1
RTHRFRERIC LV RO - B E BN, PRI E D 7+ — R
=7 %RELLTRLTWSD, K. TEGDMAO0.08mol% & TF,
PEGDMAO0.08mol% T ®D 284 Shell IZ2W T, JEMG I 3nN ICE L 20L&
YTy BEMNPoOREL L T 7 r—AD—T 2ERT,

pH=2.6 TH & L 7= Fig.2-6(a)lL. M2 . PEGDMA ZLfEH L O
TEGDMA ZEfG D W3 4u s 100nm 37 5 F A DN BIZE S 4, 10~30nm fF
ITTCTRADBHEL TS, ZBER O RN RIL Z O pH &4F Tl shell &
DULHE L TWADTEHBHFIZITRD LR,

pH=6.1 D#ER % /xR L7= Fig.2-6(b) Tlix. 2L, PEGDMA ZE4% Tl
Fig.2-6(a)lT b~ R F7 B PR BE Y 200nm F2E ICHEIM L TW 5, ZRicxt L
TEGDMA ZE4& CII R R BT 20nm LA FTH Y . 2212 L D shell
BOMEIZL->TELLIERBER OB LIZEE X515, PEGDMA
BIBITEEE L RBEOR D THD Z NG, ZOMEER TR T
K 21213, PEG#HN LT X5 Z LR & iz, pH=8.1 Ti, #E28
& CIX R DI BLIERED pH=6.1 O 5 & R EIZHER & 4u, PEGDMA 42
B ClE 300nm FREE & S BT L., 286G/ 0 R & E RO K D5
HRKLTWS, —J ., TEGDMA 224G Cld, BB LRBEIZEL 8- T
W5,
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Fig.2-6 Effect of shell structure and pH

on AFM force curve during approaching process
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Fig.2-7 |%. pH=2.6. 6.1 %X 8.1 ® pH B D VU o BE KWK T D 4y Bl 188 7
D7 —AN—TOREMEEZ T, EMIN 3 aNIZELILMNEL Y
TYBEMNPeOEREL LTI+ — A —THERATWES, ZDOXIE
234 DI RSP FREMEOHEE R LT 4 — AT —7
ZRFEELELTRLTWD, pH=2.6 DFER Z /R L7- Fig.2-7(a) Clx. M4
*%\ PEGDMA Z&4%. TEGDMA ZZE W N b REED 7 + — A I — 7 TH|

IXBEI N o7, T O pH TIiE., #EITIERE & REEICZERE A o %h 37

mh&bfazmoau\ Fig.2-7(b)?® pH=6.1 Tl¥. MEZL4E CRILEEE 2,000nm
Hkifﬁf‘tﬁ%‘ﬁ%lﬁﬁx%ﬁ I 5, TEGDMA ZR4G %47 5 & 51 o3 BiR
BEIX 100nm FRE F TR L. 3l 1 ofexi i b/ & v, PEGDMA 2248 C
EEINIEFEELLRED L7y, Fig.2-7(c)® pH=8.1 TlL, ®IEOL A
BlE2Z 5 1000nm UL E DK EEES) )5, TEGDMA 2846 T3 & T4 3
%78 500nm FEEMEFF S NS, PEGDMA ZRE T8l AR E LK FL T
W5,
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Fig.2-7 Effect of shell structure and pH

on AFM force curve during separating process

-55-

L}

L}



234 7 F— AN —T DA DO FEHLALER & FHRY E R

BT BEEBIIBWTIERNIOALDNEEINLRZ VDT, o7 +—
2ZH—T Rk Nk vR/NZREAHWTI—T T 4 v T 4 TR
T, ITIEEE R 1ICE T 2 E Bnm]Z2HH L., TO0MMERD =,
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Fig.2-8 Distribution of parameter B in eq.(2-1) determined by curve fitting

of force curve during approaching process
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Fig.2-9 Maximum attractive force distribution determined from force curve

during separating process
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(a) TEGDMA crosslinked shell ~ (b) PEGDMA crosslinked shell
Fig.2-10 Estimated Shell structure of core-shell with crosslinking agents
(blue:MAA chain/pink:PEGMA chain/red: TEGDMA or PEGDMA chain)
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Fig.3-1 Molecular structure of raw materials
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Fig.3-2  FE-SEM image of CNT probe
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Fig.3-3 AFM image of liposome fixed on cleavage plane of mica
by contact mode mapping
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Fig.3-4 Effect of pH and chitosan modification
on size distribution of liposome

-71 -



3I32BRIKEBENEIC LD CNTHE ~D L F K5 IR HE O Eff

CNT~D LF > OWEMEDOBREFTD 72O il CNT(S-MWNT-1030)D 43 H&
W& X5 PEIROVA T > OW I K 25 EBXIKEN B E ORI E
fti % Table 3-11Z7x L7, PEIZW A L7z CNTIZIEIZHEL., AT
VR FER,. BAMITAMIZY T R L, ZOREMNS, PEIZWEEI
LF U HWESIEDHIET CNTERIZLATF VIR AETELLEEZOLN
776

Table 3-1 Electrophoresis measurement of CNT in pH=4.6

Electrophoretic mobility
[107* em?v's™]

CNT -0.70

PEI modified CNT 1.58

Mucin/PEI modified

CNT -0.72
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Fig.3-5 Interaction force examples between non-chitosan-coated
liposome / CNT mucin in pH=2.8 phosphate buffer solution
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Fig.3-6 Interaction force examples between non-chitosan-coated
liposome / CNT mucin in pH=7.0 phosphate buffer solution
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fit L7=Bon, ROERN., pH=2.8 [ZMfHlShi=/=H, B OfEN
INELS IpolbtEZ BN D,
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R UMY RY — L& LF WAECNTY 1 —7 & /- pH=2.8
DA DT 4 — AT —7 Oz FH2E RO H T MEZH T Fig.3-8
W LTe, #ERIZIES MY U REMOR R AR L7z Fig.3-51C 4
WHREECH 528, 200nmfT U HIEMIBAI R R ) DB S T, Gy B
ITF% M UREMOSGELRRY, AT U TRERD LT LR
ENEERED T = A B — T IX B Lz, £, DHEERFICENTH DAY,
WFTHDORERTHANE O bNT,

140 — —
RSD=0.16

= 120 - —

= |

7 10— RSD=0.29 7

S g0 - _

g 80 | RSD=0.12

o 60 RSD=0.14 _|

5

E 40— $ —

—

& 20 =

Approach Separation Approach Separation
|--- pH=2.8 - |--- pH=7.0 ---|

Fig.3-7 Statistics study on trace parameter B
between non-chitosan-coated liposome / CNT mucin
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Fig.3-8 Interaction force examples between chitosan-coated liposome /
CNT mucin at maximum case in pH=2.8 phosphate buffer solution
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RO 72 7 +— A —TBIR, B XS BER O & K5I I2iX,
HERICLVEo2EnBObohl, 22T, MEZITo 3ED Y R
V= ADRETRED T 4 — AT — T 1Zeq.3-H)Z LML T BOMEEFHE L.
e TR TS ERD Tz, FHE LIZBDOE D5 & 5 0T X% H
WT Fig.3-9127r L7z, Figure9lZid, D7 0IZF% MY REA DR
KRR LT, ¥ M UREMICHS, EBHiTLIZLITED,. BOEIZ
FEME T 200mBEHE S o T, M bES MEICKIDSEOIES DX
DS Lo TW5D,

TOZLEX N UBEBRNY R —ADOREDPBEZICERT AL %
finwTwabeEZObN5,

DEERFOBI N O A OFEERIX., pH=7.0085 A L L T, %R
T 5,

140 |- .

120 — —
100 — —
80 — —

40 — RSD=0.16

RSD=0.04
20 — —

Parameter B in eq.(3-1) [nm]

Non-chitosan Chitosan

Liposome surface coating conditions

Fig.3-9 Statistics study on trace parameter B during approaching process
between liposome / CNT mucin in pH=2.8
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pH=7.0 D& 121% Fig.3-10(a),(b)IZ R L7z oD RZ — U NI NI,
PRI, WTho7r—2 bk, EHRICFRINEML pH=2.8

DX — TGN o T, S BERFO 5] 11T Fig.3-10(a)
DIRE = DEIICEBOS Y — 7 ZROEEBRN, 2KD 350

2E GO, FEEVO 3450 11E Fig3-10b)o ko, —o>05| 7
E—2 %", AUKRAZ 2EFTOUELZD, BRTORT, 2HIZ
FERI U ANZ — Loz,

B Trace
O Retrace .

=R |
J
80 L
35 (&
=
1+ 5 —
_2 | A O —
-3 —1 1 1 | | 1 1 | | L1 1 1 | 1 1 1 1=
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Piezo displacement [nm]
(a) Multi peaks case
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3
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=
0
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Piezo displacement [nm]

b) Single peak case

Fig.3-10 Interaction force examples
between chitosan-coated liposome / CNT mucin
in pH=7.0 phosphate buffer solution
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pH=28 O 70T SN EERFD 7 + — A1 — 7 TR O LT &
KEIJTED 5345 2 RSD & LI OMF X A2 W T Fig3-11IC R L7z, &K
SITMED A O fii Chhig 3% & pH=2.812tkX, pH=7.0TiX., 4
~SERE Lo TEY . S bIAW,

COHHDIEES X, pH=T.0CTO LB D5 O EBICHER LTV
Do ZONEEEEOR TTOEENT, F YU ELAT O THOKHEE
WA BEOBEHTTHRAEL, BHAEVWNRLICEUNT 5 & THRAEL
TWs EEXHN5,

T, MY rogfficky, Ye—T70ofHE, pHICLLT AT
v EDONEERIC, BINERBEIETCND, MTNLERT v FO/NGNA~
DY R — DREEEROFER TIE. F BN R — AR
DN G DI REEROMN EEREL TS, X M AEHIZHE D
DEERESI OB EBRLIEZER I, Y UEMHICK DG ~D
VR —LOWFEMEOR B RNZHER I,

3.0 |
RSD=0.92

|
|

S
|
|

|
|

RSD=0.33

S
|

Maximum attractive force
distribution [nN]

o
!
|

| = |
pH=2.8 pH=7.0

Fig.3-11 Statistics study on attractive force during separating process

between chitosan-coated liposome / CNT mucin
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Q)F MU REMEEOE AT Y XL F MY UEMEFOF ) —
hall: She A E =

CNTZ e —7 &5 &, Z“HEO pHEME b, % b v REH
DA, 74+ —ABD—TICe 27TV 2AR™AEUEREKE, Mo
BAilZ LD pH=T.0D AT HBERIC DD RZ — U NBEN =B DR
K& TFIcEERT 5,

CNT7 e —71 LDV R —L2DRf L DEERETO YR Y — LK
& CNTOHEMKREE, LAF v &X MU THOWRESZ, Fig3-1210 4%
KT R LTz,

AN, pH=2.8TH MY U REMDY RV —L7 CNTF v —7 &K
KIEMGE ) CHafk L7- kBB % Fig.3-12(a)l R L 7=, KiJE 454 o I & 5 %
R L7z Fig3-4/75 pH=28TX U AR Y — A FMMNIEICHE LML
Tk, VARY—LBEEIZLNINEEZOND, CNTY B —7 Dk
DY RY —NZHEMBE, VRV —L% CNTFa— 712 LA TIT<
EL. VAR Y—L2DFEOERICEY CNTY v — 7 Ol IZ BN kL.
Tu—T7OEE I L, BEEREAELCL VDI EEZIZLND, O
BHFZ 7T e =72 L T EEMEmEIENT 5720 KNP IERE
PN %, BEUTHE & BB CIE D IEMMIB M 2 B IRIREN R D720,
CNTHIH & OHfRAE . K OEEAHNE(LL, AT U U ADNEIE
SINTcEEZEZXLND, pHET.00 %G, VR Y — LRk H O #HE
TIH pH=2.8DME LV LA L TUE L. U AR Y —ARBEL R D70,
Fig.3-12(a)D L 5 AR IIMHl S nizEE 2o b,

X MUY AN Y — L D5EOBKIKEZ | Fig.3-12(b) & (o)l =~ L 7=,
B OEMBEAN @R, AR oBEERELRL TWDS, pH=2.8THAET
LVRY —LFEOFFEN LML, RmoOF MY AEMIC L0 ImH S
ndEEZLND, TOME, M UREMOGEICHKET DY R
V= AFEOEICHE D CNTZ v — 7l ~ DO BB 2 4 M <,
BE., DEERO 74— A —T O RATF U R E, HWERLEEEZL
Nz, LnrL, EMOUVRY—20EMIZ. HOIBREALCDLEZD, U
RY —AREEFEHTOF MY OBRMEBEY - OFERIWD T D5, £
DGR, Fig3-120)OLFMH D L 512, LF 0% b 050 F-#HA
TDOAENVEDBRTT L0, HDEEROE—2713—277210 0 iz
T —AN—TIWZ ol EZBND,

—Ji. pH=7.0TiX pH=2.8{2tk~, URY —2BHEPIHME LIFE =
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HERHOER Y TN 72572, Fig.3-12()D X H 12U KR Y — A4
KW EOF M UBEREIML, A2F X oS FHOKBLE
WEFT AT 5 EE2 65, TOME, CNTOLEWmRERD LT
L UVRY —LAREOF MYy F#HELOKAEEGWVHEML, 5B
B2 1X Fig3-12) 0 AKX D X 52, F R ELF ooy FEHORK
HE VIR A YW T 5729, Fig.3-10() DL O v — 7 RNEnT- &
BEZohb,

CNT7' 2 —7 O WEmHESEICELY, VRY —20EBHFE., LF
YEDHEEROMM AR LR MM TEEE LN,

CNT probe

Liposome lipid bilayer

(a)Non chitosan in pH=2.8 long hysteresis
Fig.3-12 Surface contact between CNT probe and liposome
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Liposome lipid bilayer
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CNT probe

CNT probe

Chitosan
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------------------
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(b) Chitosan in pH=2.8 weak force

Liposome lipid bilayer
A
CNT probe

CNT probe
Chitosan

(¢) Chitosan in pH=7.0 strong force
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AW TIE, &< KM E2RTCL LT, BEEHum OEIRSiIO,2 214 K
H—7 TCThHEREZITVHKREZRAALL D & LN, pHEMH, * MY A
MEEEZTCHOHAEBERENRO LN 2o, BREORE/aue A R
0 —7 TIEFRRERBIRNZEA LT WY R Y — A & O 1% 135 i 7 f
MBI RKRELSBRVIENDPNELSBEVERERWT =2 RN G0
ST-HbDEEZ D,

34 S

URY —=Lb~OF b REEM, KOpHIZ LD LTF g E DA
Ao ZEl%E, CNTFr—7 AFMEZH W TR L=/ ER. LT
R S

VR —AFRHA~OF P UEMICEY, VERY—LELTF L LEDM
WZRET Lo homnnglegsin, BEOMEIZBITLS T v
MINBEA~D YR Y — LD EMER EOREMRERE OB ED L,
X h Y AER. KpHOEALIZES VAR Y —Lb &, ATFUMELE
Tu—T7MOMEERZ., KMoy CNTYre—7%2HW\W5HZ Lick
D, UERY—LEOERBM, FE&MEDOpH, KOF ¥ Mo A
WX DEALICHED 2 F VR EDHMEMEROELLBEAEETHY . A
FLrEOHEERE EBIZURY —LAEOEREME L2 S0, 227
TXHZ LW RENT,
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4.1 =

TrAL B TIv T ATEINT AW R SRR S AR D 2O HEIT
M2 s L O R AR oL "L T EEREH O A TE V9 N TR YL T
BIRE BHEA TWD, ¥ TIv 7 AEBERE T DRI OB B &2 R 357200 F
BT BICEHERROT A 2 T30 2 DRI DD E THD, ©T
ST ARBY R ENA L —InE72 H AT — S A SR E Y&, 5t
T SO REHETR DTy AT ICH WSS, Ll RU~—s31
V=% 15~30Wt% IR T DL ERHY | FERE ORTNICE R OBLIE 7 ot A
NEETHD 'Y, SHICE K ISR BN R T IS LD D722 4 i Chi 7
BENMIRODAELD 'Y,

FNXX AT 47 I BB IRO T I AR BICH IR TIED
— DO Thb, ZOHETIEH, MICREZ O OB E I TE5720 ., lE
TR DKL 5 FE 53 AT T — 12720070, BLEOBERGR R TH | BB R DI
ML I M ORI, Bl 2 1X8A R B (R) v T xRy AT 7)) e Xic
R DIBRNZERWIFFEND, TIVFX Y AT 47 T, IS, a2 BAIRINIZ
JORMIREDOEIIvIARZ)— O #42m LSS TRICR AT D, il 213,
AFY—DF I, B/ v —EHAE PPORRRAR) =190 AR R~
—OLEEE T AR E IR E LR — DK AN P ETHD,
TNOFELH ERRYEE ALY, FHEBIEETII R 0RAAE KR Y E 3
~Swte NS B7280 . KA OBIE IS & R X =305 1720 %
7o PGB R T, IR, TR VI O pH SCBH 4h A1l i E S O Hil 15 28 4 B
Thod,

W4E ., Shimai HIE, KIEHEOAYTFLy /<L AV BR)~—LEW LT
ARFETIL ISOBAM L9 2)% ALOs kL - ATV —IZIRINT 2 L, IRINE %
. EWIREME AR L, |IR, KK T 2~3hbl E#FET L. ST 58
G538 BT 2D, ALOs IZxE LT 0.3wt%Fa £ DU & T, A 7 AL O
HOERZAL, B ALO*., Y,05*”. yttrium aluminum garnet (YAG)®?,
aluminum oxynitride (ALON) *V72 P ICh il il TEHZEN R HENT-, Lol
Tl FREE AL DB N D), BTIv 7 AL 1 & ISOBAM & D 1E F A% 1%
RN THD,

JE - 70 R BRI EE (AFM) 1, Bk & 72 2% i A AR H 00 /7 #E & O &I
AIRE TOR DR ELHAEN T RE T, Bl 2T E B E RO FTOEME
WS P AX ORI E PV OREMTbNAM, S A== 2l
— T al R PTVCL IS SR TV,
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anAR7r—7 AFM 1%, Ducker 728 312 LV S 4L, Butt 72 & 404D
IZEOIR BTSSR SN HET AFM O 7 a— 7 S IR B R+ A3 5 L
ra—T T 5, UF LB MDA Z — D XA EAEHELTE
W aaA R M OBl | B EE R Y, Rk B o A
DT B4 ERIT b TU D, DLVO B O FE/RE SRR 7253 B 12N 2.
=R 7Ty B ALOY B Si0,°2°Y o R~ — 4 HH D
WY T Iy IV T ENC L AR EABRIZE DM AAER OZAALHEIZH W
HILTW5D,

ARHFFECTlE, AZV—H 2B W T ALO; ki 1] TISOBAM R~ —D{EH
BHEZB LRI 5720, ALO; KE MM AEHOREZEZ, an/R 7 a—7
AFMEIZEVRE LT, ALOsauAREY 77 AT MR ORI OF mAH BE/EH O
I TR A7 R 28 Ak 2 3 I L. ISOBAM W INIC L0 AT Y — 0 3 B 1 23 e 400 1 1
U, K O EEHIZT N Z R T E R e 2 B 2tk U7, RERAHK A7
B AL B N R SN2 Si0, AT U — LD Ll D 7= ISOBAM RN L
% Si0, auA R —7L Si0, HZAEBEOM ORI AEHLHEIEL.
ALO; DIGH L LTz, BESNIERRICE SE ATV — DB O RFZ
fb&., BEARZFR MR EEROZAOLEIZEY ISOBAM D1 s %5 22
L7z,

4.2 FEEr
4.2.1 JFOBF e VAT Y — G 1 & 4 4 5 A

Winw L Tod ISOBAM (Kuraray, PitE ISOBAM) D4y 1 D& X,
Fig.4-1 [TH & AR L7,

CH CH,
|
CH—CH—CH,—C CH—CH—CH/— C
1 | 1 1 1
O=CI:_ Cli—O CH O=C\ /C=O CH,
O NH, | O
NH' m

4

Fig.4-1 Molecular structure of copolymer of isobutylene and maleic anhydride,
ISOBAMI104 (1:m=7:3)

ISOBAM % AF4 U RZHKICTEEHR AL, AX—F—T 30 o LESE
IR RS-, EmfiE T E/L 77 A Si0, K+ (Denka Co. Ltd.. SFP-20M,
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density=2.2g/mL, specific surface area=11.3m%/g) & %, & HE AlLO; ki -+
(Sumitomo Chemical Co. Ltd.. AES12, density=3.9g/mL, specific surface
area=6.5m’/g)% , A7V —DJF kL LTz, Fig.4-2 |2 KL 70 SEM #lE 5 R4
RLTC,

(a) SiO; (b) AlL,O4
Fig.4-2 SEM observation of fine powder material

for preparation of aqueous suspension

ALO; & SiO, ZZENEIEE IR E 45v0l%I2725 5912 ISOBAM /K IA K
WZIRINE . R— VIR G % 2h 1T o7, IRBITIE, Y05 T L E(LSET
ZrO, Bk (NITTO KAGAKU CO. Ltd., ANZ-50S, E££=5.0 mm)ZH\ 7=, &
SV — BNk BE A Bl 22 T 572 D ISOBAM RN &1L, BEW VI SxFEF
IR 03Wt% DM TIHRMLIZATZ Y=L IR OATY) —% H -, i’
BETHHBEL. 1 BEETICKE ., ARNF 2T TAT — BV FIRbE
HHBIELT,

ALO; A7V — OB 2 ISOBAM RN, [E 45125 L 0.3wt%.
SOV 0.8wt% &L, Hedih — [ 5 B [B] 85 kS FE & (TA Instruments Inc.
AR-G2)IZ X2 8l i 45 o84 2 B e B ME 38 (G) 1o B L CHIlE L7, Il E &
WH1.0Hz, #RME 0.5%D S TRPERBME R4 3h [Tz THIE LT,

ALOs; &~ ISOBAM D& & OHIE D=8, ISOBAM R&%
AL O3 K F 2 FEICHL 0.1~0.8 wt%D#iH T 4 SR OATY — i % [H
FRDFFIETITolz, IRE5E T 12 DATY —% 15 4y B (Beckman Coulter
Inc. , Avanti J-E)IZ&Y 30,000 G, 10 43 ] D54 T ALOs KL 1-Z Ih B4,
BFoNTI B O bV R TH O ISOBAM i K %k F & 235 H L, CHN %
Hr 2% & (J Science Co. Ltd., CHN organic elemental analyzer, MICRO
CODER IM10) IZXWHIE LTz, A7V —{b9 251D ISOBAM /K I+ D jr
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FEE EEBERRTOREZEDOENSHE LT ISOBAM &2 T L=,

Si0, A7V — D B FE M 1X ISOBAM WS N & 13X 8RN K& O, BT 2 okt L
0.3wt% D Si0, AZU—% M iz, il — 8 [ & 8 0] 6585 B 5 (Thermo
Scientific HAAKE, RheoStress DIZIE & 5E T DATZY—Z28{## T L, &
AW BE 2 0 25 1,000sec™ FC 2 4y M CEMRAVIC b 557 Bh ih ) 2 )
ELT,

4.2.2 Si0, & ALO; AR T —7 DAERL

anARa—7ICHWAKR X, TR OB AlLO; Hi + (Admatechs
Company Limited Japan, AO809). & 'EKJE SiO, #i-f (Polysciences Inc.,
No.25348) % il 7=, 45 BRIE KL+ > SEM Bl 22 4% F % Fig.4-3(a),(b)IZ /R LT=,
Fig.4-3(b)DEKIE Al O3 1%, K IZ 100nm LA F D F K 1 23 E L THDHD T,
ATV RBKNRL T2 oy S B SAT 60 /3 L%, 60 47 B ARIEKE
Lic, R ET /BB BUTE ERBAEZRORE, A4 22K 2N 2
BB WP N ATHhE 21T o7-, ZOHEAEZL 3 BIFRDR L 3Dy BEL7- Ik
Bz 100°CO R ZEFZ AR I AN, —Bhrz STz, WLFE$ @ SEM {4 %
RLTZ Fig.4-3(c)0nh, KW fT & T /7R OB EDMER TX7z, 20 AlLO3 Ek
FEHRL 7~ XRD (Rigaku Corporation, X [A] 7 2 & | Rint-2100VPC/N) 8 %2
i B % Fig.4-4 TR L7z,
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Y ity
Oty PEERS
NONE

(a) Si0, (b) Original spherical Al,O3

(d) Al2Os3 particles
after 1300°C heat treatment

(c) Al20s3 particles

after washing to remove fine

particles

Fig.4-3 SEM observation of spherical particles

for preparation of colloidal probe
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o a-ALO,
‘ T-_A]'EDS
L ' , ® 06-ALLO; 1300 °C
S a
0 O
o
= o < © oF
= 1200°C
g o Q
H 1100°C

1” !H \i II A 1000 °C
. el

30°C

Fig.4-4 XRD pattern of spherical Al,O3 particles at different temperature ranging

from room temperature to 1300 °C

30°C TOBLERE RODIDORLF DAL o i da LAV T A TRV ATY
— |\ L7z a-ALO; EFRIUAS S A & D72 O BVLBE S DR Ft 21T - T2, -
IR E % 20°C/43 L, 1300°CE CTORFE & CHIE L= &R XRD /34—
% Fig.4-4 [ZIBFE LT, 1200°CETOAIRE TOMWRERFFREFFIL S oLz,
1100°CETIHfh Dt fhF S & T0723 1200°CLL ETHNIE a-ALOs IZZELL TV
HEDHER TEI, ZORE RS, ALO3 IZB W TIE 1300°CT 100 3 fRFEFLT
BULERL7=b D& 7 o —7 W=, Fig.4-3(d)IZ 1300°CHALEE 5 D ERFE Al,0;
® SEM B EHZRLIEH, BB EEREAMERF L TV AT e AR LT,

arARN7ae—7%, Hilk® AFM ® 7' v —=7 (Olympus Corporation,

OMCL-TR800PSA-1) D4 Ic, v~ A/ u~=t 2L —% (R & H 5 /Epr |
OP/MMS-77)%& FINT Y BRI anA Nk T &3 ST, ZEMIZBEsR 525
25D, ZOEETIER LTIzanA/R 7 n—7 7 SEM #1254 % Fig.4-5 R L7z,
i L7 7" 2 —7 O {8k 1T Table 4-1 (2R L7Z,
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(a) Si0O; colloid probe (b) Al,O3 colloid probe
Fig.4-5 SEM observation of colloid probes

Table 4-1 Specifications and dimensions of micro-cantilever.
(Olympus Corporation, OMCL-TR800PSA-1, soft type)

Shape Sharpened square
pyramidal

Height 2.9 nm

Tip . .
Radius <20 nm, 15 nm (typical)
Angle 25-45 deg.
Material Silicon nitride
Thickness 800 nm
Resonant 24 kHz

Lever
frequency
Spring constant 0.162 N/m
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4.2.3 NaCl & ISOBAM /K& & H > 5% 1 ] 71 D #% e g 2

ALOs; KON SiO, M D F i ] 71 ORI Z A%, i1 7 M B 8% (Bruker
Japan K.K., NS3A-AFM, Picoforce with Nanoscope I1la controller)(Z &V Hl] &
Lce 7= — P =, i, IR LE W AF v T —0 |
IR EIND TN THD, KHFX ISOBAM HEIHR H TOHE D7D IZHR K
/L (Bruker Japan K.K., MTFML) Z 7z, au AR 7 0—7 OB~ Dz
I e OV BEE BE 1 0.2 pm/s &L, $EARIRE O 5 KIEME 711 3 aN &LTo, BRIES
NI RIEMETNZ T DA%y T —Z SR L, 0 B 7 I BRE) S W7, [
KEMOMAAERIZL, anAFRE L, Vil RaU R CTRIE Lz, 3B
LTSiO, D&, AT7ARATZ A (TOSHIN RIKO CO., LTD.), Al,O; D¥;
AlE, BRI E L=V 7 7 A 7 AR (SHINKOSHA CO., LTD)Z iz, 45k
Bt oK M D AFM Bl 2214 % Fig.4-6,7 |2k L=, fEE O 10pum? i N 01y
FLE Ra &, 0.306nm & 0.157nm THY, i KM Rz 13, 1.72nm & 0.87nm T
o7z, 08 A B AR O &) ORIE X 10mol/m® @ NaCl KIRiE & T{7-
7=o ISOBAM KSR LRI CAA P BE L2 DX, WIER ., K11 D NaCl
IKEE R 2 S0 ISOBAM KIS THILIHLAZHL L T2, 1 DD T+ — AT —
THAGDHTO ORIy B E 2R IEL K 1.5 B THY BRI A LA E LT
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Fig. 4-6 AFM image on the surface of glass substrate (Rz=1.72nm,Ra=0.306nm)

874 pm

0pm

i e

Fig. 4-7 AFM image on the surface of sapphire substrate (Rz=0.87nm,Ra=0.157nm)
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After mixing

AT TUAT TUAT TU R

After over one

night aging

AT TUAT TUAF 3

AT TUAT TUAT TUAT TUAT TUAT TUAT
T TUAT TUAT TUAT TUAT TUAT TUAT T

(a) Without addition of ISOBAM (b) With addition of ISOBAM

Fig.4-8 Visual observation of SiO, aqueous suspension

with and without ISOBAM after mixing and aging after one night.
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After mixing

(a) Without ISOBAM addition

30 min

120 min

Over night

(b) With ISOBAM addition

Fig.4-9 Visual observation of Al,O3 aqueous suspension

with and without ISOBAM after mixing and aging after one night.
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Fig. 4-10 Effect of ISOBAM addition on flow pattern of SiO, suspension
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(3) ALLO3; A 7 U — O EYFPREBEME D FRIF 28 L

Fig.4-11 |2, ISOBAM 0.3 2 I8, 0.8wt% Z s/ U 7= [E 45 12 45vol%
D ALO3; AT U —0D G DORRKFEALHERE R A2~ LT,

Storage modulus G' [Pa]
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Fig.4-11 Time dependent transition of storage modulus of Al,O3 suspension

with different concentration of ISOBAM addition.
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Fig.4-12 Relationship between additive and adsorbed content
of ISOBAM in Al,O3; aqueous suspension
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Fig.4-13 Effect of aging time after ISOBAM addition on force

100

curves during extract process between SiO; colloidal probe and

polished glass substrate
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Fig.4-14 Effect of aging time after ISOBAM addition on force curves

during retract process between SiO; colloidal probe and polished glass

substrate
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Fig.4-15 Effect of aging time after ISOBAM addition on parameters
Fmaxand B in Eq. (4-1)
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Fig.4-17 Effect of aging time on force curve between Al,O3 colloidal probe

and polished sapphire substrate during retract process
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Fig.4-16 TlX, NaCl KEEF D7 + — A 1 —7 1%, Si0, & [FERIT,
N R DN BE SN D, ISOBAM RINE 1%, BT TR D 45 4y
BEET,. HFEVEMNLET NaCl KIEKEF LR TH > 72, 80 77 K X 130
SR L7 RE AT, 10nm 2B X S ERmE B CRABEM L, 20
FRATE, 205 LB CTIEWA DB S 305 ki3 5 &, FRAOIIMmD
T/IhNEL poie, — ), HEEE % 7~ L7z Fig.4-17 Tid. NaCl KK+
Tl BRI RE 8| InBlEE s vd, ISOBAM IR 18 43 TZ @
FIAEREL DT D2, 80 0 TlE, HOMEML, RKRMEZRT, TOD
%, RRMEIX, FEHOREE & I3 208, REMS DB BEIN
XL 5, ZOREBEMESI DORKMEIZ, FFHE &I T2508, RiE
BEVERABI DL LT 205 UM bBIEREIN D,

PEIT, BERAE L BT, WK 305 0D 7 F — AN —T7 THIE I
TRITOMEE, REHSINDOANBRINTEHEEIL, ALO; 2T U —
OVEEIPEN | IWINBBIFMRE T 5 EHR LT LR EITT 5 2 Lot
L TWb,

4.3.3 Ki %2 @ ISOBAM ik H1 T D 1E H it D & 22

(1) SiO, @ ISOBAM % 11 o 1 FH kA

ISOBAM KWK H TlE, SiO, IO BEERF DO S| IMER LT Z &b,
ISOBAM X, SiO, R ICW A LT, BEEROBEEEMEZINEI L7 &E 2
535, Si0, DEEE S IX, pH=2~3 FRE TH Y . ISOBAM /KIEIR D 5
WEMSMEDO L L TIX, SiIO, ML Si-OE R VAICHET D,
ISOBAM O~ L A P 70 b fifHE L T-COO KL AIZHEL
72 SiO, REICIETWETERWNWEEZ BN D, SiO, FI~D ISOBAM
DM OWeFE I 1X, ~CO-NH, BEfi N E X biLdh, WA NITmR< 72
W7o WEREE T Figd-18 IR L7 L 512, 89V Tr—7 L hL A
] TR o T B EBE X BND, V— T ITIE-COO N TELE
THOHBEBNRNEKBENRNDEZELIEDLEEZLND, 2O
11X ISOBAM D ERMNE O E WD 130 45 Tl Frnax & B DE RN T2 )
THN, TNLURITHEERNLZE L TWVWDHEEZXLILD, ISOBAM DO
EIWZLDEENRNAEBEEICLY AT U —H 0O Si0y ki 1 [F + o B fil
TS, S0, AT U —0HAlE LTOBENELTEZEZ LN
a3

-104 -



Steric force
by loop and train structure

0-Si-0- *==='%

Fig.4-18 Estimation of ISOBAM adsorption structure on SiO, surface

and interaction generation
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Fig.4-19 Estimation of time dependent transition of ISOBAM adsorption

structure on Al,O3 surface and interaction generation mechanism
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JRF- M BMEE (AFM) O 7 4+ — 20— 7 TSHEREZ AWV T, Z2DOWE K
TR S ARV T, SEAH AR 2 E BRI 280 —BR & LT
=Y OAEDE BT LT,

52 FEICBWTIL, EAlF v U7 & LTO core-shell ! pH-iREISEMES 2 57
VRIS D shell &, AR (LF ) EOMAEERZR-T,

BEEMFSE DI, @ FHOS &, EAORINEZREST 52 & THA
YER Z 8 C & 2 ATREMEDVRIZ S CUhi=, £ Z T shell O &5 DZEAGEE O£
S w2 DGR A AT, MG U pH 6k T, #EEREO KT ORI &
5171 (35 7)) OHERFNTEX D20 EMRE Lz, 7/ 7 VRO shell &5y 11
ZEG. 4012 PEGDMA AT TZE4E. PEGDMA ZE/1 DX/ 1 & TEGDMA
TG, O3B DOT ) T B-NVOEREITIRN, anA R r—7 AFM i£%
HONTOLF DT =2 T —T7 R EEAT72 o T, PIER LD B 13X, PEGDMA
WD X Vi, 5 FHOE Y TEGDMA % W5 5708, R 1 O VEF BERE A2 45 <
13 1 DWW ERZ /NS TEHZENR D) -T2, TEGDMA D X 92 FED/NE 7
ZERBAICY , 51 CIT LG I L TR E S HIEMERED &7, R TIE,
HEIRNE L [ASE L ~ULTdh 578, pH=6.1 DOF9EeMEfEE TR & 2 KR 7 &7z,
VTSRS X 0 AR T o 72, TGDMA L 0 45 F D /N S WERIER 214 2
X, & pH fEIC, MG L RN DVINELZRY, B B RIEIC R D RN RO D
ZENWRBENT,

FIEICBOWTUL, BAIF Y U T L LTHF R UERMLZY Ry —a & AR
FEE D LT & OFBEAER - T,

Ml CNT 72 —7IZ PRl B X RALAF U 2 |ESHLZLICLY., #HRlc L=
LAFUBOT O =T ERTHZ LIk LTz, ZOLF UWECNT Y a—7
IZED 7 A=A —TPERBRLY ., X MU RER D R Y — A & TESA
VIR Y — 2IHEIZ B W TR OB BIE S vz, BRI A5 T D3 BE
W REBEZ FEN 228 BT B L 0 | RSSO BRI hY v b
LFURNCBEBIERN DD b DL EZ BTz, * Mo oREic k53, ik
EFMHETYRY — LD S|ZEWRHD Z ENHA L, MU giEiclo
TURY —LREDHIENCE T T MG EL T DT ENBIEES T,

B4 FIZBWTL ISOBAM EWVIHA YT F L t~<L AU iDOILEARE, ALO; A
Z V) —hoki+ & OMBEEREZH - 7=,

ISOBAM 7’ ALO; A F U —F ORI E 5 Lictk, A7V —%7 L
IBEED EVHIBRIZHONT, EBED ALOs AT U —Z2Hi#Ed 5 72D ISOBAM
KT T ALOs Kit-& W7 7 A 7 AR Ml < RimfH ) DR E L E 7 4+ —
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AN —T THIE L=, ZDOfEE. ISOBAM KA T IZEB T 5 ALOs Ki—3 7
7 A T O R I11E, ISOBAM ¥EHRIEANND 80~130 43 THAMN L., LI
IR Uiz, F 72 0BERF O KA 11X, ISOBAM RIRMOERK T & ik LT
RIEITHECR L7-1%. 80 Zrfiife THIEHL L. £ D®RBE LIz KIERES | ) O5%F
NBIEE S, BREFICHEEF Sz, ALO; 2T U —73 ISOBAM WSHNEL# 134 1k
WX VHREEMET L, BEZE 1 EENG 2 B AR K DR EE BN A &
OIS THIE FLARSAeD & WD EEOBIG L OFICH 6Tz, ALOs AT Y
— 73 ISOBAM DIRNNC & » Thtsthm Lok r b+ 5 Lo B %2 ki1
HOBEPORET D Z &Ik LTz, £72Si0, A7 U —d X 9 72 ISOBAM &
FAEEAERH L2 WM OZR8h G 7 4 — 2 —7 L 0 fREF 51 234 < 3B L7z
WZ EIZXVBLMNITE T,

PLEX Y, =@ OofAEDLEIIBIT AR EHIEOEEEIZH VT, AFM (12
KD —AB—TDREIZL T, TNFNUTH LWHER SN, v/ 1
RHGN, S uEd ) oB% L BEEA T T TTX -,

AFM D7 4 —AH—T %2 Hnb &, 7/ L~V TORmBL %, 5171, K7
ZREMEEEOZ LI L TRHET D Z ENTE, REoMIic, pH BAELT %
RIENHH> THRISTEHEEZHONCTE -, T0OZ 13, DDS IZBIT 53K
FH 7w b lfbaskiim s OBDOZ S0 DREEDOREHLE TH-> T AHE
THY ., KN LIZ, 72 AO/NERNAEREMER LoDz, 777
T BNDY 2 V~OIEROFRER R S, BRE~DESIBELIL, YRV —L4
B 7N TR, S BRI ORI E ~De U " ELTZ, £72. ISOBAM (2L T
DT F—AH—T DFRERFEALDORNENDIT, T—/v —T | B AL 72 E AR H I
TOERDFE ) OAERIHBIZEIR DT b, EERITEIIV I AD T VF v AT
AT HEATIGED, X AT 4 VR, HEICHT e MBELNT, 2
D& D 72H LR E O AE O & L LTI 21772 0T 2 2 L1k, T
MmO CHERHEEbILD, LLenb, 74—AB—T7TlX, 7/ L~
D F L AA—IZHBIZHE LT W E A2 BE T 2 B FiEe, RFMEA S
HTEBWT, BIEBET L A8 NE2HET 2 FIEICE L TIdiEO S AN
HY ., BRTHLHD, BiFIL. W FLA—NEyr A EZR T, WEEHERE
ELIZS WD TH D Z & %HFIL, RFFMOEEREA A I 2 70 LY 7 Mk
T, AP RKESTIVANE RPN 20T NI ED T B,

ASBOMBRRELE LT, 5 2 ETIE, shell IZ%9 % TEGDMA OIRMFD i

1. TEGDMA & PEGDMA LIS\ D E G FE DZRFER| O ik - #agt, M ONEI S D
pH JSEME, JIEREOIRE SR 2 (RIEAHTIC L7ZBRICH BEERIZ ED X 9 724k
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Z WA 57, PEGDMA O H CZAEMEORGE, 2GR O EE L 0B O R k72
EMBIT b,

WIETIE, F M OTBFIULEDORE VRY =508 pH OB TED X
IS NEDLDLNEOEORIHERIE L ORfR, CNT 7'v—7 To Rtk
EOREH, LWoloZ ENRBTFHND, H 4 B TIX, ISOBAM (27 /LALBIF &
LTI RV AA L HBMNLESGAEOREEAORFRH T os, £z
ISOBAM (24 SRR EEZ FFO b OB D, 7 IALIZEBIT 2 F N6 Offi & Of
HL, BIBETZ VY Y AT 4 V7B DBBOMAL ENRFTF 55,

B

AL SUIEE DAL R L RFPRFPAESN S AT LMCHBER A > 2T 2
S AR PR R RS X O A I ERE P O R 2 £ Db DT
T RIS HEEAITITIRERHE & L TAMEOEmOM % 52 T
WX, ZOTICHT> TR, THEEZHEE L, Z2ICESEHOESL
KLUET, FFREEKEEFIEAE, WS, FIFFEEZTZ Wuled Lenggoro 5t
AL ARFHEAT AR, R AEICITREIE & L CARRSCOMEIC =0 T A
WExFE Lz, ZZIEHoBEERLET, AWEOFE 2 ETIX, EAEEHE
BE L7 HIBE K, BhETEW -7 2B KPR B8z o)1 FH a1 s L
TREHOBEZRLET, FBIBCTIIEAFEZIM L LRERK, VAV —A
EERE R L CEi & & BITB S TE T B3R K 3R e O NEE S
L FIBWEO/NEFEV A L TEGHOEEZR LET, FH4ETITEKR
e % i L AFM OFIF L& ZTHW /e, BiSTEW 7= P ER AR L
EEFE R AT E AT 2% O Shiwei Wang(F 4o, [RIR BHE=Z O BB T A 1Tt
LCEHOEEZRLET, FEFE2T|EFEIFLZEL THSTHEV AR E K
FRTFBEERBENE B S BEEEdZ DR BB T EICR L U o B AR L E T,

Z LT, REBMBIFREDENIITFEZATICH 2V HE I D A58 Z5tim
THIEEEE, FICE4EICBIT 5 - MoBNT —%, GREICELTIE, /Nl
KK, WABKIEObOEFHLECHEHEELE, 2o ELZRLE
Ty 2L OFEETRE 217> THWZHEEOMEO M ERIEHOE 2 FR
LET, WEZIC, msCHRETORFEHERFERICR NI L TH b o EDOER I
B2 LET,

AW IR E (A) TTP16H02413 ) OB A 52T T-H DT,
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