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Abstract

The supercritical carbon dioxide is applied in this research to synthesize the
temperature/pH value sensitive biodegradable core-shell smart copolymer materials.
Supercritical fluid technology has the advantages of reducing significantly the amount
of solvent in traditional process. It can also avoid the oxidation of initiators, and
simplify the following separation steps. The dry products can be obtained after
depressurization and the desired smart copolymer material is used for the controlled
release of drugs, or the phase separation for protein recovery.

In this study, poly[(2-(2-methoxyethoxy)ethyl methacrylate)-co-(oligo(ethylene
glycol) methacrylate)] [P(MEO,MA=co-OEGMA)] with great temperature-sensitive
properties was synthesized by polymerizatlion feaction in'the medium of supercritical

carbon dioxide (scCO,). Its"LCST (lower é“;il’ﬁ'eal solution temperature) value was

Il B
changed by adjusting the compositions of monomers. Furthermore, the copolymers with

|
1

fine temperature- and pH-sensitive propertiesshaye be,en obtained through the single
step supercritical carbon dioxide chemical réaction process for the polymerization of
temperature-sensitive material and cross-linking with the
[(polydimethylsiloxane)-graft-(polyacrylate)] (PDMS-g-PAA). The particles transform
between swelling and shrinking with the temperature and pH value limits of 35°Cand 7,
respectively. The core-shell structure was observed by TEM images. The characteristics
of the products were examined using UV, FTIR, TGA, SEM, and swelling ratio
analysis.

The optimal process parameters in the synthesis of smart core-shell copolymers
were reported in this study. The particles with great pH/T-sensitive properties, smaller

average particle size and size distribution were obtained at the following operating



condition: T=100°C, P=300bar, Reaction Time=4hr, Reactants composition=60wt%
PDMS-g-PAA. From SEM images and the analysis of image J software, we observed
the morphology of original PDMS-g-PA A particle was amorphous with an
approximately particle size = 11 ¢z m . After reaction process, the grafted copolymer

particle became globular shape. The particle size was reduced to 0.15 ¢z m.

Keywords: supercritical carbon dioxide, pH-sensitive, temperature-sensitive, hydrogel,

core-shell, smart-material, LCST
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2-1-1 37 & 4| (intelligent)4g & 4L e h 5

HEA A~ FrRAR Mt (Hoffiman and Stayton, 2004) » ¥ f %
IR R B AR ¢ A 2R BT et R o X fESTR PR & £ AR AR
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PRI EIE 3 -2 d wﬁ+’wwwﬂ%mﬁmﬁﬂﬁw £
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Bk Y D PR AL PR TR R R R R A Al
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TR LAY - AR BEEMATHAG AT N AMARRY RF L
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BOXAFTRREAD S LARPAPRFESF T FIMAREF A I RFLFLZERE
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FEAEF G R G WRBAEIRT HNREOEFEIAY S e A RRA S

FOCRLF OBR)T G vk L gt R AR o

2-1-3 A HA LS HHI e & 0 TR PR
EHEREEF S FH a2 R o AT E Ak (hydrogel) &t 4
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HWFF G2 DAoL F R BE o SN R Ak 1
PR ERSS IR FEy SEPE NP SRR P
EHES L EFR *i(Frelberg and Zhu 2004 Blnder et al;;2007; He et al., 2008;

Kataoka et al., 2001) £ F-v* i & 1 iﬁ.—"i\- %ﬁkHoffman and Stayton, 2004) o
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hES g L“’H‘}' ] iif%\/%’mi EI{G BES o BB | (loading)
LA R A S RS ‘T'J’** TR T TR AR B A F PR T
M5k o WHE L Gl B (steric interaction) » o xR DA F A F frEH 2B
e 58 33 > — A H 3 4&(hydrogen bonding) ¢ ¥ # T ¥ * (electrostatic
interaction) > | * T R BREH A 4 2 i iisck o AHP W R N ES )
oo R{opH BAtg e T > v PREEFFREDTFE IR BRALS T
SBTE R EL L BN R RSE R I EY AL L st

S RA G MRCRPE R Mg G 4§ TR REH LR A S

SR o E BT HE P R ol BT Apasdleh o B PR R F AR 1
HE B sl o 2o st i3 FHR - BRI AT N ¢3S EpBREiL

(Guo et al., 2007a) 2% j > (Guo et al., 2007b; Fundueanu et al., 2008) 525 - & X pH
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SiEFES e B ¥ - B BRI LES
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¢ R E o A }I%(Freiberg and Zhu, 2004)7 F #& 3| - FAF * F0p A E w2
(solvent evaporization) » 4[] 2-2A #777 » AR LB A F RB R F WA 0 R
S~ % 5 B k3R P A5k 54 9 (oil/water emulsion) > pt pFE L 2 S 35
3AATER A F PN I S N BB AEE > FREERLY 3L
T EE 0 ) ‘“Bih”"#",j*g%ﬁ;s F P8R X AR 2-2B gt Ap e e #
Pae Benisdl 5 g A+ B ehitH 4 o
=

¥- 25 %“%Ji(Hoffman and Stayton, 2004):}ﬂ :”. LB EARARR Y T AER
?%J¢%¢£wm@*’§¢i§ﬁ§gﬁpﬁiumﬁggma$,??q%;
ER R I AR - ’%9"5\")%-—',?%{}” FrtiaeReErsr i
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FIE A RN AN 4 TS e L R AR Fd FAREE I AL h
BT A7 o Aok i R I s izl 3 if
A T T ) AR R IR T A 2 Ak R R 4 g
A BT GRS HPAL VEHOFEEER o 2T

4o 2-5 #77 o

-2 RRAREHA NG A

BRTEEHE S AL HE S itz — Hagg #4]a & £ 5] 5 4 5
PG Mok 2 (hydrophilic)ar =+ 4&fegi -k fi(hydrophobic) ~ + 48 > &R £ 1 - if
B g g2 A+ Fé“iéféf'?é* N7 e éf‘iﬂfiﬁfﬁfﬁ LK+ dhgr R
G2 BG4I 4 (% ;i? w Ji}éqs ﬁmé‘ﬁ;’%?,k WO e A B R T o KA

Y- ‘\

SF CEOEEN g WTeE = 0 S SV Y TRk LR
Mo RS I A A %‘x%k%ﬁnﬁ i .Ewg]i R N e R S A
aagy%%aééﬁ«ﬁ5%4$%4§m@&1 VIR RACE R it
%%ﬁmwgﬁwgﬁm’%géﬁaﬁaﬁﬁsﬁﬁﬁﬁﬁﬁmmﬂmmﬂ
solution temperature, UCST)F¥ ¢ & # 4p 4 &2} = 2£ 3 4n(heterogeneous);k f& » &

2 v &% > UCSTp=R] § 2 = 3 48 (homogeneous);3 if + @ ' 7 UCSTZ #h » & 5 i1
T % f#.8 & (lower critical solution temperature, LCST) » p#* &% /% & sLenh 4p (7 &
BUCST= 240 F > 5 B AR B WLCSTR € A 4p > F 2 BIT 7% o fd A5 Jsie
FBLCSTIE B AR AL &R ST & % dug il — » F 5T 7 il
FLALCST & A MR T » § WECRPET NE- H AL EF PP - 34 F
AT AALCSTE & > R Ap R 1 h7 B3 7 - fhamiliz > - Bdok B RSR
PR A 4 S ARk T S B4 B erienLCST » F E A 4 WA R R4 L |

#% 40 % 1 /f A& (volume phase transition temperature, VPTT)(Cao et al., 2006) > {
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BB R % 5 R R & 7 B8 & (cloud point temperature, CPT)(Yoo et al.,

2004) » @ LCST— St * Riddpipht i BSOS MM AL ot i 1R

BRRREAMA RS > 4ok 2-1 9757 > @ P w B LR * o acd 4
P ARE [ AR FALPR(PNIAPAM) > 515 v £32°C 2+ 3 - BUiEhi3EER
(LCST)> i A& % ** iz B E & FF > PNIPAM ekid iR - BAn§ * kR F RPN ¥
VR A AR 3 A cET £ 99% @ 5 iR R TR M) LCST T s ik <0 PNIPAM
ARARERE T -G T o BRREFIERS 0 - H AR
#Len LCST &> b4e s N-22. 7 2 3 fie "%(N-hydroxymethylacrylamide) % & 7 LCST
536°C > &7 Tﬁﬁ&_”k(acrylamlde) £ Fl gk B HLCST &.50°C it » i2— 4

Bepl R B ATR MM A Hs‘ig\l R s L Ao FUpK i fig (polycarbonate) %

TR RS - e e o

2-2-1 F AR B AR A A ,‘r;
it & % d (Lutz and Hoth, 200655% A_ZRE ﬁ_? R $o T 4 (R 0 S
e S EREA > TR R 2-(2;9 F 4o 54 fig' [2-(2-methoxyethoxy)ethyl
methacrylate > (MEO,MA) J&2 ® A% % fe % (2 = B )fia[oligo(ethylene glycol)
methacrylate » (OEGMA)] & % > 252 £ % & $ [ ff # PIMEO,MA-co-OEGMA)] » =
AAFE P AR g RATE AR B E MG R BALE 2 4o Rl 2-7
ST SRR G R AT AR RATRE ML 0 AR 2-8 7 f Ui LCST pE iyt g 4 S
e B & gEeng it > A E PF > PEG(Poly(ethylene glycol), PEG) Rl4&2 -k & F 2.
Feng g2t 5 > R B ¥ 0w 2320k ¢ » 48 & B3 LCST (¢ » PEG pl4as +
BegRids 3w sl d e > @ o F4ahH SR E o ke F L0 *#”“f °
#15 PEG &4 12+ 30k » £ 4 %7 4n % {(biocompatible) e # - & ¥ 82 ¥

s TR T A i E R S kPR s (hPNIPAM v #1100 (5 F 3% 5 AT
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T A #IEF ~ 45 33 (Saha and Ramakrishnan, 2008; Zou et al., 2008) °

F- 25 o MER LSV IcS OEGMA 4 £ k@5 2 b eh LCST & > o *t
SR R ORI 0 B AT Gk 6 S8 % PEG 4 £ @ B 4e 0 o [ 2-9
TR A m ARk AR F 0 2 LCST i § + 2 > ded 22 9957 » #712 PMEO;MA
1 LCST .5 5 26°C » @ POEGMAgs(# + £ 3 475g/mole) ) 5 90°C » & ¥ &
P LCST 8 R =R 7 12 £ 26~90C 2 B e it » 5 OEGMA 7 £+ & 5Smole%p
# LCST & 4235 32 C» #4169 PAIMEO,MA-co-OEGMA)#2 PNIPAM % #it #ies
"L A H A LCST B 254 #3150 510 P(MEO:MA-co-OEGMA) I ¥ r0 % % B~
K sag f2F A+ PNIPAM» & 24§ PEG 2 47 4~ fRcfift » (&% &

4 FHAE AR o 2 #> PNIPAM &2 BBkI% (Lutz, 2008) :

Y ol ij“-' ‘1 |
-
=
8 [ ﬁ FANOC A+ [ i bt 2 E

(1) w4 1+
PNIPAM %8 & 3 3" LCST Ij 4

‘ |
|

1
EZEF Y R 1Y L_/B.)ing & s ‘“iﬁi&@g B L KRG - R4

m OEGMA - MEO,MA ¥ PEG éé\ AL g GRS 0 AT W AR MR o

(2) B RAFR M
S RS AR R > 22 VIR 7 ke - HAEH

#ALCST & » 1345(Lutz, 2008) 50 fredq 11 > 5 B MG 4 0 %3 575

PN

F2 s Rt BLCSTEEEM e I ERMEM > 20 5 &d BiRR>e
FOE R AR A R 1 bo B 2-10 S5 0 ST S gt B R & 4 e LOST
o5 FHA s LR

A d bRl BB AT 5 ER ) P(MEO,MA-CO-OEGMA) M 638 & 57
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FH R s B A - o

2-3pHEAR i enfi 4

pHIE AT 12k 48% & o (Tanaka et al., 1980) fip] T3 *f 7% i3 R V- pgd
o B BTpHE AR oK eh & 587 1 B 2LE A > T AP g
(methylacrylamide)fr® A % f2 ? #5(methyl methacrylate) sk 58 % B 4p > 37 B 3]
i kenE 2 R E 0 o Tanakad g KRB he S B IEH 4 S w
¥ ooo@ gk~ B R 4 (van der Waals’s forces) ~ @ 4 ~ g5 BT % 4 > iz
FEIE® 4 PRSI FFEI RGBSR PR b4 o hpHERE M-k a3
AT 4 L Sl gFpHE SRR > B8 RS A & R4 pH-ATR M
FLens e o - 3 j B " G 1 2 i PR ST B3 % PpH B R o ikt
ABALMpHET ¢ % 24 %ﬁ-!- l“(protonated)ﬁ }ﬁg v AR ABpHET RIF 4 2
B+ it (deprotonated) & J&* %lgé} F’*ﬁ%ﬁi& AE PUE S L S ol T
AR N B I 541—*"*;}*&%47,&5%/,,\;55?1](1%&675
BAD A EET g A {,%bﬁmw N Y R
S R RN IR CRORAR f ﬁﬁ‘x% o dTIpE AR A 2 2 R F AR RT

A5 4p 4 3 0 A om JIpHATR 4 o

2-3-1 pHEATR (4L cnfdiif

EPHEATE A AL 1% 5 0 A AR AR P FE(PAA) ~ RP f Rie
(PAAmM) ~ " AP % p(PMAA) ~ R" AR e fa( PHEMA) ~ R 2 %ifg
(PVA) ~ Rz % fhetek iz (PVP) ~ R % 2 % (PEO) ~ R 2 = fR(PEG) -~ # 5
¥R AP R R T R P R BRBCS) ks
AR CHEE C EMB 5 B0 SP FR(HA) £ o gl HE Y LG T4
AR ET o SIEHF B fos i 3 Al o IS4 AlpH B AR 12 A B -
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5 #% A (-COOH) » B ¥ * chE M 5 [ Wpk(AAc)2 B 72 b 5 B &g+ J|pH EAcR
Pk = 455 b L enian(x 417 % CHiNHy) ~ # 9%(= = 7 %, (CH3)NH) ~ 4
(X FLz 7 v, (CH3jN)® > S * cnE M4eN N-= 7 2Lz o A7 AR Wpkfg
(N,N-dimethyl aminoethyl methacrylate)f=2 * £ e+ eg(vinylpyridine) ¥ ; & {+pH & 4t

RIKEBPPFZ 5 kAR Fd 2 P+ AR ESF I -

*EF P AT cpH AR AL E_PDMS-g-PAA - T E K- T AR F =
(polydimethylsiloxane, PDMS){= % /3 % ik (polyacrylate, PAA) 1% B4 > Z 4R
2-11 #5770 > F15 7 5 PAA fhped2 AW > Flpt & 5 #5780 pH A 12 o % j(Cao et
al., 2008)® & 7| » B # 3 '=(polysiloxane) B & #+ 428 5 (%% HA #c & (flexibility) -
% ¥ PDMS £ 3 #&F gk ﬁ?}ﬁ? B R (Tg=127C)>mn = £ 4% % 4 (thermal stability)
NG DN IRV & T r+ : wwm PDMS & & e H 3§ A5 » 4
28> % § 14 (oxygen perméability) &4 MM f;h R v b2 Fp o
- 2% » %% PDMS & ¥ 7% /x}g&;'% non—Eelar) d 1% H¥r2 iz a4z 70h - 5§ V8
JRET TR S i S %F@{,# fle s F g 0
BHERE R AT RS 'Q‘%?F}.@ SRR EAR Y o R A S d AT a2t
ho §OCRIER T € BB, fn s (core) 0 PDMS ¥ 2 - F iR ¢ B
i AR - R VR %;’i(shell).f‘:é.’—*}? PR A FAE T AN RR - % bR kAL
TP B AR A AT 0 Y AP E B p 2 e K (self-assembly) i & Sg#e
4o d 3 b oenipt B gL s AT U iE$ PDMS-g-PAA it 5 AT ¢ 4 & chpH BT

BAH -

2-3-2 pH AR L i
PHACR B H AL A 305 % wFHS 2 FHAL » L B2 320k ¥ i 8

¥ (swelling) 22 {1z 45(shrinking) » #7418 f < [ 3 b chs F e L2 kA0 5
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Bio k- BUxErhRg T E G B e sgp e i a (R L
P AR sl Az e S WP R V- 2 o Ml A R RS Ko A
PTRAE TS TRy G R ¢ REPOIE R A AR
AR B FI TR B ATE AR SR 4§

[ E i E R

BEp R R 45 0 B - apHEACE BoRERY L BgS RRY o
FOLBPR G BT B LGS TR RS o d 0 BRI B e

A5 ”-:(peptlde)'fr'}w i\ﬁ%’-‘#‘” i ﬁ’x“ "% ﬁ’* BB LA A I—E—’ﬁ - T_end

A

FR 0 F I ES i asc s

2-4pH B % F B AR B ‘}Jmi %L%: /7 k- ‘

L7 H AR B ROE R |ﬁ ﬁgﬁ@%gn T T B RE g
P E > pHiE frm.}iw T ELE -*&E‘ T"f%‘* P’*’FE@ RiZchi F &k 2
- FERFF MY Z {ﬁ.t}? a3 ¢ '1“ r,\-(Lee et al., 2003; Lee et al., 2004;
Li et al., 2006; Turan et al., 2008; Melendez et al 2008) & H AaAqRA - & tEL¢
7 (Caoetal.,, 2007) « 2 2 &% F| 58 & 17 F k@A fE 0 & > {7 1% pHe @
B - T o blacl BT AER WL P d > F AT 17 pHE S
Mk SRS SR R e R 0 RIS - I R R T R B
# cff £ (Lin etal, 2005; § 7 % » 1998) » 4oyt 7 4 s FEchd 4 2P (550

%‘ °

TR AR A b - ASPF > T AR TR AoR)2-12475 0 Bl ¢ AR
GElF ek A ERE AR apHE AR A i Sk and A S LCSTA| e &

R M A5TJR B 5 pHETE R ¢ 8MAPF > JF R AR R 5 IR e
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Al ApHEA R MK FIZ G L FF it A3 FIEr 4 % AP

PR ET S AM(GEL) BRI E FpHER B F o REARI FF 2 2287
PRI g o RIEA 2 WA $H % 25 273 7% (solution, SOL) » CE_#A % pHiE
THREREAR > PHRBEApHENRE MRS L FI RS > LRERRE L
FUR R B A OHg 0 BMOAERR RER I 2L E LT A A ARk o @ A AR

P BIEEARR ML T g I AR I]‘*‘uﬁ';’it? F epHiE™ ¥
ic € 3 # Fp ePLCSTE & (Soppimath et al., 2005) 5 ¥ *t & (Xu et al., 2007) % }‘Jct’ o3

oo FAPHEL TR AT P AR T L AF PR S  AeFI2-1347

-H.

=

fd MATRRAUENE B4 AompHEACR o § ARpHEF BT 0 R RS

\A

pHu’ﬁ i

V)
R
A

P S P > pHIESTRE IR G 300 F 2 s e f R e
A AR U P ehw ;Mgriw“ Y ik #&If m% ARt R e =
FixF o Aol p-RE ﬁ? A ﬁm"jzsq; : £\% % (PAA-D-PNIPAM) > R -
PEND- (-0 AEB)C R fTL '?"kyf%w (BPO-b-PDEA) {r% 4-
2 4 Fhetegb-BN-B 5 AR gk P4VI}’bPN[PAM) PELE R p o H ¢ ] 5 PAVP
$PNIPAM 2. ¥ i fo 233 éﬁféj_fgﬁ iy {?l—l o $uID 8 g B pH AR 1

R

255 % B i

3:

FadEok? 2 g LE2p P PRI AL FEHGE T e 02

€A £ H —5!\,&_?5&_; ¥ B S e | Bt et FE B o @ AF & R s &
Pt RE 4 AR T AL FREATRR I e 7 L S

E I|}1}Lﬁ;ﬁﬁ:é\ %&i‘l— ‘H} g %\'ﬁ 1o }'@’# ,t}‘g}% rﬁzﬁ@h‘#i . ';ﬂ d iﬂ}iﬁf}é']{t
P fe pH AC R B H BRI R £l & F 8o Regpglffoer 2 2 F1feeni

BT g A LR S e TSR it e
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b 2 ngéﬁ& CF LA ISR AT Y N RATR R S
poly(N-isopropylacrylamide)(PNIPAM) » 28 @ gt HHflend 7 &2 2173 & > A& &
e* F ¥ g %' {8k &(Lutz and Hoth, 2006; Lutz, 2008) < ),% 3 R N R e 21
# poly(MEO2MA-co-OEGMA) » p* ###1 ¥ 2 £ 5 PEG 4 "R FH A F ¥ & f2
B2 R AR A R AT w R T - 26 o v [Tl F
PlaoXt e WA LCSTER » F2F T EA M2 — o KRa > 430

P AL NS F R A - B g R BN AT TR - F R
Beif - HLeni@ S o I AQTRA R R iR B 0 0 G R R i 1
Z OB A F e o gt o B A el b4 R Rk ch@E 0 X IS B s &
2 A& i fode 408 & Copper(]) broqijde »2,2°bipyridyl(Bipy)'# 2 methyl
2-bromopropionate(MBP) » 2 J R A mﬁ?%ﬁ-—? ToBdp > Ao H o TR 4
@4A$@ﬁ§ﬁ%ﬁ§'aﬂmm%M%méw& ?$¢$ﬁﬁj%ﬂﬁ’ﬁ
Bipy ¢ & & £ 0 ¥ iy » gie‘*f%q’] }W%n, FlF § A3 P BT B
R Rk e B ibéﬂﬁ% Q Wé’ggﬁ W el * R R AR
]“*ﬁf'bk’pHaI}Ql“*ﬁ‘}'lv&% ’*ﬁ’% f,@;”r'ﬂ"*ﬁ Y E I ek e

(1) 2277 F17 23Rk CO 5 F A F > & i i fIr 4150 F pengrit
Bk res > BOF RYEFRAOER T FERAYRERBAE DT
AR A I R SR sl K 2T I {5 iR T B R
BEMA Y & FRBA R UE GURARR TR SRR I AQTRA - §

CRBA R LR AR B kS F T o

(2)-&1#»'11-]4,_11}3},71}'}’??* {;Vﬂr_]-%%—aw—r]}g;}'n:g é_i‘iﬁﬁ;,kfﬁ;’_’ﬁ#g
¥R RATRE MR pH EATR M BB FEE S LG PRIk kog

foo T2 A% 3 R R SRR T ]
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(3) T3 M RATEROHF Y 5 35T A A LB KR L &
(R T AR R P L T Sl SR L N
¥

7 2H e o
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P24 RHm2aN7
FIRAFEAGRE

FLIR%ES
(1) " 7 Ak 2-(2-7 5 2o § )2 fis (2-(2-Methoxyethoxy)ethyl methacrylate) -
i # MEO;MA ; Aldrich » & & 959% > i P /2 % 4 » % & 1.02g/ml > CAS No.

45103-58-0 -

(2) * A L% (2 = f3)fa(Oligo(ethylene glycol) methacrylate) » f§f - OEGMA ;

Aldrich- & =+ £ =475g/mol» %% pig - i% 8 1% & 1.08g/ml» CAS No. 26915-72-0-

B) B- " AP 3 =8 E ﬂ‘& 5] 4 %’L«’rﬂ (Poly(dlmethylsﬂoxane) -g-polyacrylate) >

# PDMS-g-PAA ; Aldrich> » & & —‘!'600Qg/mol » v "% 3 % » MDL No.

1l m |
MFCD00241432 - = |

(A NN-I 7 A B 4% fei% (N,N’-Methylenebisacrylamide) » i #- Bis ; Sigma > 4

F AP BHR>8% 0 6 4 ik - CAS No. 110-26-9 -

VY

(5)2,2-®% % = &7 % (2,2-Azobis(isobutyronitrile)) » # # AIBN ; SHOWA » ¥ &

99% » v ¢ Rk > CAS No. 78-67-1 -
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CHj CHj
HsC——C——N=—=N——C——CHj

CHg CHg

(6) #8% = ¥ fk 4 47 (Potassium hydrogen phthalate) » f§ - KHP ; Sigma-Aldrich »
BB>99.9506 0 6 & & ABITAL » % BE=295~300°C + 3} fie & B3 2 * (pH=2~4) -

CAS No. 877-24-7 -

O
OK
OH
i — ' ‘1
I "":"..- :: |
(7) Bipa= & 47 (Potassium phosplﬁatie mc:ltlabasm) il H#LPDHP : Sigma > & >99

96 b ¢ BANR 0 Ehs 25&6(3 Mcﬂ;fﬁm,,’w(pH 6~12) » CAS No.

7778-77-0 °

(8) & ¥ 4 (Sodium hydroxide) ; Sigma-Aldrich > & & =0.2N > 2 fie 5 73 7% *

(pH=6~12) -

(9) # i* 4 (Sodium chloride) ; Sigma-Aldrich » NaCl » & &+ & =58.44g/mol » * *%
g g

A g e % 2_ 33 58 & (lonic strength) © CAS No. 231-598-3 -

(10) #pk (Hydrochloric acid) ; ACROS(# 4+ = @ i+ 32) » HCl » )k R =0.2M - 3 fic

¥ #% % * (pH=2~4) > Code: 1/4340/15 -
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(11) ¢ fi (Ethanol) ; ACROS(% 4 2 # £ 32) » C,HsOH » % & 95% » ik * o

(12) B &= % i8¢ (High pressure dioxide carbon) » 7% 7 # ( =% ) > COy» &+

£=44.01g/mol > j i* B ig5 4 > B AR >99% -
(13) iR F > RAsr B3 E @A i par -
(14) 4~ =+ & (molecular sieves) ; ACROA(USA) > 8 tol2 mesh > 5z % #| o

FI2RHRE
(1)#% %% ¥ (carbon conductive tabs)4' & % & = ’ﬁ BosF o SEM 4 47
(2)® + % 4= ; Shimadzu AUX220 - 1‘%“1’??5:
METTLER TOLEDO AX 1;95"’“ ﬁ% % B +0.0Tmg
(3)F F 4e gL = ; Hipoint Smar‘H’ ) iﬁlfi # fﬂ FR=500C
(4)E % 45 ; Cherng Huei C'KNf3é) ! RS @I‘E’f F8 2.200C
(5)% % 44 # ¥t (pump) ; GVDL0S0AS ot ik 7 22 7 > # i 60L/min
(6)#c 5% % 7 i 3w 8 5 Hsiag tai CN-2060 - & * Zr.w 4 3980xg

MNe R 72 eEF AP ")E}i%rg[ﬂ“} R 3 1500C

313 FHALAFTRE
(1) % ¢+ 8k k% & (Ultraviolet-Visible Spectrometer)
A]5% ¢ Shimadzu UV-1800 » B & A& & %F B 190~1100nm > £+ % 5 lnm > k& %

FEA % +0.1 nm (656.1 nm D2) » +0.3 nm( 2 § &)

fifpe AEGCERER > A5 TCC240A 5 iR #£ 7 7~60C » B R #HF & 5

+0.1C
22



FRRGER - SR LR Ek g AR el T A R

FoBREBERAETERPEIAN AT > SERHH S R TRF o B BP0

Ko FEANF TS F s RIfeRFI B FR T ok kB e T

frigplik S ohgdp o PR ek annSfer Tk R M S BT * kit

TE AT e

~ bR (L) G iE3Dg A B aup R P — 304 KR Fede(Ia) - P IRAAE
(lR) » B G- AT LE () o FIT B
Io=Ia+Ir+Ig

2

R it Fadrd o ¥ - BEEOVR R TR ST IRDLF ik B RF 1L

a0
\\

Ao x F] L4 g " E 7 \!,\‘1()11?‘7'0‘-’”’ LU Io FI T3 BE“7 v "k
B, e w2 I/ly B35 % 3 (TY #“/iwﬂmmvﬁﬁﬁﬂ“

—~ﬁgT/f——kgh/qT

B TR (A) o l R.nn

" ' r
- .' I t !| !
(2) # £ & #7 ik (Thermogravimetric Ahélysis, TGA)
A)5% © PerkinElmer TGA-7 (4 = * 1 kX REF % F)> ¥ F /it 5 30ml/min »
—ERfL S gt E BT s A ,]V_}_ ‘;;cig A R ".—’EfE‘};’??t‘E}'Jg
A

FURES FREZF PR R 0 RIS G R AR 2] s

4o
e
)
=
=

LA R fA e BEA R LLE RAPERAAT R EH TR ERM G
- JBHA e R SRR R § 2 TR H RS A b FAUEA L
TR ST B

F) o 7ea T S o g o RE M RY A

2

F_k

g
FRehs A A GILEREA SR E R R A SRR T) BELA AR
A



(3) & = # ok 2k ¥ ik (Fourier transform infrared spectrometer, FTIR)

4] 8% : PerkinElmer Spectrum 100+ f2 147 & 5 4om™ > 4545 i #cde B 5 4000~700cm’™ -

B E e R R k- i R RS BER
kA R 0 A R R B AT S PR A T 0 AR R e o &
RSB A T Rl R R AR Y AR B o B L il A3 A 2 e
bR ok RER S 2 SN A AhER o @ FTIR £.41% & 4
AP T R R R i kA KRB A Tk A vk

R RSB AL 2 KT E - ER 2 FE A A R

#

4) Fhiin+ &PA%ﬁ(Scanmng glectron mlcroscope SEM)
2185 JEOL, JSM-5600( X' ¥ ﬁﬂ) ()

AR TR éi?é % m%*@ Bl fmieid TR ITH

+¥%%p¢'% AT A IR R

#ow = =0 T (secondary electron)—fc*}; '&/Tg_‘—-)-. o B T I Ak 18P B (PP > MEL

Ed X BET FER o F)P o FE L a AR Bk %ﬁd b & e a

— ANk P FA R ER AR T IR U ERE AL ET LI

CFELR Y - K ABUEAETR -

(5) 7 i% 3% 7+ B sk (Transmission Electron Microscope, TEM)

1%L 1 JOELJEM-1230( ¢ * & & 3 #7) > 2= B 5 @ &K 50x » & % 600,000x

FENTIMAELN Y BT L (- HYA100keV~IMeV) > 7 EE R

MAT100nm Y T 2 F R S e R SR hE RS A R R ARR 2 KT o JTH S o
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THFNA RS SR e frE LB AP R A%

& E%“i*ﬂ“ii%‘frﬁ%f#%%{%ﬁﬁ FEE RER - Ft 7 E T F BB A 17T

7 % Bk &2 B 57 3 (Transmitted Electron) & ¥ 384 $7 44+ % & (Elastic Scattered
Electron) = f§ » & % & ¥g44 [§] % (Diffraction Pattern ; DP)i& @ f247 &tk S-fc gt e

FERMBE - AT R T HMBA S AR RS2 ERLERE

! > 3

(<100nm)& 43 T3 353 > & AT FH T F ke S o

2R KR

MEYER Thar 2P (G B RRR B3R L U2 P) R
pEESEETR

BRFORKE 0 EAL TR - #\f‘-ﬁ{m.i;%ﬁ_‘%#;ﬁ”“f;:
"* - o

GaT koo R Ao R 3-1 ArT o
< R

r.‘E’:,\»m,,_ /‘;‘

Y

(1) % B F &t (high p;f_'gsshr
A% ¢ Thar Technoﬁéfﬁé I

R100W Reactor,'.. s
HAF 104 ml

B~ AR ARR 1 6000 psi

(2) 7% 2 ¥+ E (dynamic/magnetic mixer)
315 1 MM-006

B g 0 2400 rpm

Hif 4o i ik 2 B E Tachmeter

(3) ¥ AR ¥ #R°4LEE (camera window)

A5 - MN32-.250”
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THETRY FR PGS S T PR S {of R (R 3-1B)

(4) HPLC #Ii (high performance liquid chromatography pump)
A1 %5 ¢ Series IT Pump 10ml Head
o2 4 &l 2 0.01~10 ml/min

(L TS T NN T Ly

(5) % /& J1 i (high pressure pump)
3|5 ¢ TSP 34R4BFCL
ARAZA 6000 psi

SR TV ERH

= 11
(6) # ik ¥a 3~k 1 (low teniperature ¢irculator)- |
‘ ‘it 1 | ‘

1

A &, © Vastech D-606 [
11

R § W 1 -20~100C

A TLY 3
33 AT

3-3-1 i B &g 414 P(MEO;MA-co-OEGMA) & = R 5%

(1) 7 & A2 4o B 3-2 7o > BECAFr ko kg 8 2 05C(R PR 5
30~60min) » ¢ & 1T 5 T RS F LR AGE N FTF W L RAR A -

)+ B FREE > KEH I MEO,MA v OEGMA 113 § v beng e » > RS R = &
& BAF -

Q) e EF BRI TE RS L~ COL T F Ty RBA A TR PR a3
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3% 5 500rpm ©

D RTFREERSEITIOC PRirB - § LA BRI - RES 22T
150bar » R #-= o &R 454l § CREFPRMEF > & 5 B FE N B At
BRACERA EET o

(5) #-Acda AIBN fre fEiR & 2 kR 5 0.01g/ml i3 i » 4 &flahd » F 9
FEHRHEERPN PRSI EF REMRE TR e R
= gt PR fx HPLC pump (pump 7 £ =1ml/min) ¥ f P 32 pF 8 > 2+ & Smin
fs 44-FR B B & B - HPLC pump > #7124+ » n AIBN £ £ 5 0.05g °

(6) L =i #- § PRy B HE RIS M T RS 200bar(TF R
4 ) e BF g % AIBN ¢ R 7 den & 1.'@?,%,?\ Fes 75 & o

7 maE s pEE ol

(8) F bz & 15t 4@%&% e ’ﬁﬁ 7?& aﬁ}}':“i% TR R
KF L pRengaa; ?Em%%‘sCquﬂ ?’*%i‘""’f A MRS EFRF TR

n |

wRF s }'@E‘@P\ g2 ﬁ?//‘/z g

|
1 |
|

; { |
(mdaa%ﬁbﬁiiv@’@% SRR P I TR R T

m1+*4001£%4%rwmo@5%fmw ®ALY -

\tt

o

(10) B~ A 40 638 (7 245 Tie— #3173 30k ¥ 3 (7 R A 4T > Fda i 30

41

i

3-3-2 pH EACR AR R AR 125 R

(PDMS-g-PAA)-g-P(MEO,MA-co-OEGMA) & =+ F %

(1) F S ARACR 3-4 9757 c FAFTBRF RE > BgldT= R RkE>»F BB} &
B F SRS NT R N o LA TR IR e iR b eRFER -

Q) &F BFEPM 4

F &4 : MEOoMA » POEGMA > PDMS-g-PAA

27



A= 458 @ AIBN
2 T Bis

() » COy» WA 473 TR A > HEFFLME MPF COERR - &
RSB IR ER LRSS EREFEAR YDA H A B REEDE R
;iffprﬁ,; o

(4) B o3t F R pER -

G)FRZ > #ERI TRAEME d T 383 kendiAj i g > e
A NDAEY o a AMA DAL PR EREY S )BN NpREEF R

BAIVPA S R F e r A B kR BWER LA Fop o

@%W%ﬂmﬁ#m@*éﬁ*kﬂﬁ%$~é?’uhaﬂﬁfﬁﬂ‘§2W9

4 AR L hHE %"’ui BBl Y B AT R b‘%ﬁ' BfF > &2 pH At (2444 2

4 % B B plAs A ]\s}\;}L 5 2 1 »{)\%,bgﬁu 5000rpm ehdE g g 20 A

&

(7) o s (o8- K :’1”:1](;7‘- ) _ﬂrL Jfrﬁrﬂ_i %ﬁi—* KA chd & R 2 %
> BRI ART 20 448 ’«]’H—T j\?} ﬂ}.??(@Lb)mlp’wz etk S A0 (s T
e Ll T ‘

TWALRTERERE AL AR BT BE R BEF L 40T B

Wi

8)
BERE FEBNE 5§ AN R4 8 KT 3~domHg 0 Bt iE 2T g
48 | PF o b B AT S0 Bk e Al T e pe iy e
QR e B ARE KR 0 M R RENRAT Y R g
A o

(9) P~V e 18 etk 08 FTIR 1 2 R R PIGE - A4 H BH{old 7 Hwip

Ex e 42
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3-4 A5 ik

3-4-1 A
(1) FTIR 4 #4:

F1* FTIR ¥ 1 Miracle ATR fie it 2 47444 &7 Ip L #c™ e T & o d 20F
SR MR BEM Y SR L P A FTIR 8 P RGN Rise
ﬁ?ﬁﬁwmﬂmrﬁiﬁﬁiﬁ%%H%@»”ﬁﬂﬁﬁﬁﬁwdesy%A
feAd P iRk PERFREREETEIREE ok k35 o P LA
PO REEREERTRAL ATV RE AT TSR > N E AR

TR E A A Pl LR B s At

(2) TGA 4 #5 F ‘

;‘
%w 'f

FARFEE FAI0Z i30'fr50ml/min’;f'<ﬂ § F enp

| |

ENELRSE T F N F = i iffizw’r@*[’na‘ AR LF RS
|

B3
0
ETIS
am.

s

4o BT hM4EG Y

=)

E
?;_;Lbéall«&ﬁ% g ). Ikatp‘? eds 1T > 2R18 AdEi ¢ A
”ﬁ%@¢6%i’#%ﬁ%ﬂéé&&éJ&aazéﬁﬂﬁ,ﬁaﬁﬁmﬂ
3 100°C » & % 5 5°C/min; 7 100°C 128 120min » p R E B4 5.0 ok § 2 %
100C#E 2 800C >3 5 5 5C/mine FIZHp F a5 Bz & FE A3
BAEF - BROHPEEE BB PAFEHBERSY €7 977 F 0 T I 2R

LT LR AR RS G

3-4-2 *HEAGRZ SpR ) AT
(1) TEM 4 45 :
ABA e DAY CRfep i) SERFART R BB L4

BBt A RCRE LB b > T 30 £ 1S R A S Bl it o
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6%~ B4 P 2 40C 12 ScmHg ™ %5z 24hr - @W#F efk &£ {1 TEM & {7

A4

(2)SEM % +7 :

TR SAF T R e B 0 A R A 8 MR
SEM sl 4487 o SEM 3 % & F ehifed 7 i {ehqy JU R Stk )i
TR RERA ] 0 B ’Hﬁd image J 18 §UEIT Hr R > & 3 BB~ 30 BAERT fak

FE ORI e L ] R L

3-4-3 RRFRE 2 pH s i
(1B B SR FLA f4 |
A% UV ERRE %‘\#ﬂ ﬂa@}ij 7 AR R B 0 EE R

Beagp i o AiE T UV% 5% ’| *?.ﬂ?fé;ér'}ce 84w safhple =43 » 3 33 K
baseline m&fﬁ“? o 2RISR sampile «%#1%'1-» KX A\'F*f‘r rﬂ//\‘/’i F ok AT
G - 5 - @aw&wﬁﬂbﬁ»ﬁ;k@%{%wb¢mg#ﬁiw+
krEEFA3EF L a0 RS fér’ Y WA A A 0 2 (5 E 1% UV theh 4oE
REHI B4l rang B B RCRFRIASCTIN60C(% 7 Kiva ) &=
B S5C T2 LCSTR&B LA 2B 1C A& i%- XERZER
40min > & B 42T E P4 T AR R B AR E3 R & 665nm FF DT R 0 At T
AR FIHALGHLCST > @ 665nm 2445 T fak £ 0 d LR R DT SRR
CAFP R AE-RETHETRE V- 26 0 JI* A RE S Bl

Y UV 2 Fn s 5§ 3 A LCST i

¥ - R AR R o pH BATE fE &k R Fl R a3 s ok Y iR R R R

B s gt 45 R R L B A ook 2 2mg/ml et GIR & 0 4 48 ) pF
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i# H i Z\ﬁ* ’ %\/Aﬁﬂtmgﬁ‘}__ J’ng‘\li::_!g 2 ’Fa/%-/%/x v iR fT UVQ*frETJ ’

\\

KRR R E TS 20 AR RIFHAIK  REBF BEFTRREFT A o
BiRABEIAERE > FRANEL 19Inm L F ook > R AT RFERT A
1733 i% f 191nm T Hr ek 0 K 20T T 60°C 0 F I 40 A 4528 5T 0 LB

BYEE A%, A47 LCST @& -

(2) pH AR T2 7 -7 2 iRl

Fi* B R RIE T A A7 A ¥ pH

@

HECR M o dH R e 3 3 e pH g

% e @

-

MEFAIET LA GERE > EEEARBRS Fhodk 31 rm 0 B P

4y

A

F) 5 e ite g

5B § B R e R R A & B Pl

o
A%

|- 2_iE (Yoo et al., 2004) ° 2}‘»53 FH* 7 o (B rﬂﬂ‘ v ® o R RS R g

i
3

o

5% /& (ionic strength, )33 & % Pol1 %ﬁ" ;J" = ;“ he T £

i n'_._ :_\

i % 1
1 2 <= |
=207 | f [l
= ||
1
1

Y

B Cizpi? B3+ ER D ZIFERFITFLE - HHR

>‘1\P

EE R Y 48

n
3
e
St
o
W
i
el
®»

i

BRI G R BHADH EHEFE PSRRI <R

I A% 23 X TRIEHREIDEL > REBEE A8 PRSI AR

‘*‘T

F B R A g o F R A IR N RS R RE T

-

FIEECREDEE Wso

2. BEFHREORSIT FERY BTOCT EIT 48 ] pF o
3. B MR ERY EEAFRRE Ao 2 B TR iR S0 £ T AR 1 R
Fehd 3 Wd
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4. WB R P|T J T 3% E @ (Lin et al., 2005)

SR(Swelling Ratio)= Ws-Wd

AT A SR IR T RO EI P EWER  RUEPTIHE R R

Gl T L BER) 1 A WA iR B o

3-4-4 AFwicF(R)Z BANE BHE#EFF(GR)FE
I* B b AP ER > Bdode » F a4 I PDMS-g-PAA £ 8 > M2 F

e R

LR 4 E A e (R) R (GR
A ..
A -0 %
PDMS-g-PAA 7 § § £ %)
A il
“ut |

&
The weight:i'il"fpro 'ilcts ( ;'%’
C — (i

Total weight of all reactants (g)-

R(%)=

Q7

L1 = 5 9y ]
. —':. :‘.-:If_":.':.- w! . ,5:_:- '
The weight of pmc_lpuct,?’;(;% 4 g Q-ﬁbg_m }%I-T'PDMS-g-PAA ©® . 100%
" The weight of owﬁucti (2)
T T

GR(%)=
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Fri FH%BF2EH

AT AR ARTRR - F RPN - B S R AR e A o 1
%ﬁ%mwmﬁﬁfﬁ&ﬁ?@QJ’if% B RoR A anp e g TRA
HR R R S5 et WE DUR R o pH ACR bk RS M - Lutz (2008)45 ¢
1 * @53 A2 & & 9 poly(MEO,MA-co-OEGMA) & 7 244 43 crif B a4 > *
Fob RARD SR AR R o v Ak i RS R (4 PNIPAM)R S { i end
FEAREfT R RS I ABERMF EPA R LA EF 2 LCST R
R BH ML ARl e @ AT AR GIFARRA - §F PR ET
SRR XL AP PR RSE T Vo - Rt pH AR AR (S
Tt H B o o S RBOT SRS B E R o F TR R R
B LT AR G 220-7 5 4 5 1) FAQIEOMA) £ 7 AP GRE(e =
)72 (OEGMA) » pH 4 M £ 4 %"c G ;;%xzf § AR R OE RSP
(PDMS-g-PAA) » ¢ * 322 s ey m@"" 7_ D 4o 23 F F P o Asde W R LT
B L L #r n22-BF -8 ﬂ[@ (AI&N)fr“N,N'—EE Tk B fRiR(Bis) 0 3 A
RS E T SET ﬂb p%ﬁ%j~ﬁﬁﬁa\;@g@u;;

41 917 LT8R - § &L % Poly(MEO,MA-co-OEGMA) % % 34 %

B RAR MR GE S F AR A T70C » &4 200bar > & :# 500rpm > o 7
ik oo s ok REFERFATEIGAS 2 Aited s RERfAFBRIERY
BRRREORT Fodf RiFiE e84 4179 A0L A6 > H P ASHr
AG % A F Mchis B AR fo B R > 1% 005 kit 2R R P A F

2 HA7 LR RATR PR o

411 F R SR At
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d F & 2-2-1 7 deiE Lutz % 4 G- i@ g T 4 S
poly(MEO,MA-co-OEGMA)éhF it » Tt a3k & F % ek e ts 140 B 4-1 #F
A AIBN - TR RN EGApg a2 2 pd AL ST g R e
H 8% > ;R MEO2MA {r OEGMA ¥ g gt fet¥rét 2 2 p d A @ 7 ¥rend 57 H
WenHA o d N F Y BPREE G EA T P et R AR S BT A4
Wend B PEH TP AL i BbY o A A FHEMORAE S N EAE e
(random) o ¥ — = & » @Az ¥ 10 AIBN B~ % 18 505 875 &% #71¢ * 3 methyl
2-bromopropionate(MBP) » 12 2 CuBr = Bipy & ff 4% > #700t de @ 5= 2 47 5 5 2
HAL s B4g? §57 - B MBP A5 > @ MBP A 5 4 & g 5 3 4e AL ehigld
B HHR g fR R F LS 2ai L B LCST 8 € % 5 #% % (Soppimath et al.,
2005) > EEHD T A E G Dengles 3 2 Wls 4 1A (ER X L Al
f oA 3 4ad e PEG fled “r'lt“%ﬂ»ﬂ’* g Fli hERBE RN A G ATE
LR N LR C;;?’Brmfiz?’ TG G & Rl S
A R A7 s AR [\ 1 \

o * ‘

1 |
i1

|
4-1-2 Poly(M EOZMA-CO-OEGMA)»;—ﬁ FTIR 245
| L RE R AR A S B B FTIR » 47 > 5% % 4oB 4-2 #77 > F 5

MEO:MA {r OEGMA # 4 ¥ 444015 » 4 % ¥ &% OEGMA ¢ PEG fRj4afi £ -
Al KB 42 ¢ 7 'FT I ER e e i ST Ak 0 2 p ik #i2870cm 1Lt
$ -CH; 4 3 crwx fc% - 1717 em™ § C=0 bonding % % » 16371319 4= 1296 cm™
7 C=C bonding ¥ 4% > 1453 cm’! 7 -CH»- bonding 7wz » 1100 cem! £ + 7
PEG R4 e7”-O-“4 25z > 1166 ~ 940 12 2 815 R E_* £ C=C(CH;3)COOR F it
Aesofcd > e L hiL B A 1166 4o 1100 cm™ e * > d 3% OEGMA 1 PEG
PlaAIE 0 £ B a7-0-“4Ek 0 @ 9 H i 1100 cm R chv joE w5 0 F

W% 1166 cm™ =B ey > 9710 B TR BRE S D ST R O R T e



- HMEBF BSTED DA 1L RS —*ﬁ & FTIR »~ 7@ ® & &
PnL B (T F RPN TR AL F B A2 AP IR A7 0 B %
) 4-3 4 0 v R 42 B A TS R F A Sk g B R ek

&g AR ESd * C=Cbond en¥réE » i = & =30 #ic 1637 ~ 1319 v 1296
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4-1-4 P(MEO,MA-co-OEGMA) ¢4 128 B frws -k .4 45

PR BRATE B R A RS 0 R T 3% g G Rk F T T
L TGAR 17PF » K F R B4 RIS E 8 € FI5kf enFEF 28T % > $ 5 &
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3] pH 5%

m\L

fcik o 4 J A PEG plden”™-O-“fk s ¥ b Bl 421260 ~ 798 em’! 7w
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wFEIRE ‘wﬁr#f'm”f?w ’ ﬂi *’HU’* UV 2d7#t Al ag B acg 0 &

\
52 ik dod & 3-43 aak s el % .4!1’# rABzgﬁfn VAT R Ao B 4-17 0 3

TR B K_18~35TC en UV, ¢ 42k 5 Ei B oooi g T»'?»;’FE%_?* 50 BB EI5CH
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95 35C; A mcR €NEE AR 2 A B 4R Flho B 4-19 0% 0 RAA AR S
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FAF LT AL BEREN n%/’a\—*iéyifx e PR R S R i 5 A %

4y

LI S

Faat i .gﬂ%//r*#}ifwﬁ%%%m HRET R H R A X
i

PNEZH A RKN3 BT od[ A dgad 2 ?&425m»¢+%’73ﬂ9+j'f»mﬁ y
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Fig. 2-2 Depiction of sphere formation by solvent evaporation. A solvent-polymer droplet disperses inside the continuous phase forming

solvent-polymer spheres; the sphere hardens as the organic solvent evaporates (Freiberg and Zhu, 2004)
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Fig. 2-3 Conjugation of smart (stimuli-responsive) polymers to biomolecules (here
protein) (Hoffman-and Stayton;2004)
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Fig. 2-4 The bioprocess of phase separations for protein recovery by using
enzyme-polymer (Hoffman and Stayton, 2004)
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Fig. 2-5 Site-specific conjugates of smart polymers and genetically-engineered proteins
can act as “on-off” molecular'switches (Hoffman.and Stayton, 2004)
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Fig. 2-6 The responses of temperature-sensitive polymer
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Fig. 2-7 The reaction scheme of P(MEO;MA-co-OEGMA) from reference (Lutz and
Hoth, 2006)
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Fig. 2-9 Molecular structures of various oligo(ethylene glycol) methacrylates. Hydrophobic and hydrophilic molecular regions are
indicated from left to right, respectively (Lutz, 2008)
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Fig. 2-10 Plots of the measured lower critical solution temperature (LCST) as a function
of the theoretical average nuqﬂgg{@gQEGMAzm units per chain for a series of
P(MEOZMA-co-OEGsz%_LﬁEb"pqumeﬁsig'_friiﬁﬂpus composition (Lutz, 2008)
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Fig. 2-11 The molecular structure of PDMS-g-PAA
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Fig. 2-12 The phase transition diagram in different condition for pH- and
temperature-sensitive copolymer
(A) low pH value and low T  (B) high pH value and low T
(C) high pH value and high T
(Park et al., 2007)
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Fig. 2-13 The effect of environmental condition on core-shell structure

(Xu et al., 2007)
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B. Camera Window Installation: & <
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1 : CO; cylinder 7 : Pressure release valve
2 : Pressure gauge 8 : Back pressure regulator
3 : Two way needle valve 9 @ Check valve
4 : Molecular sieve 10 : HPLC pump
5 ¢ Cooling water circulation 11 : Three way needle valve
6 : CO, pump 12 : Camera Window

Fig. 3-1 Schematic diagram of the experimental apparatus
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Fig. 3-2 Schematic diagram for the preparation of P(IMEO,;MA-co-OEGMA)
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Fig. 3-3 Schematic diagram for the preparation of
(PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA)
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Fig. 4-1 Schematic diagram for the polymerization of PIMEO,;MA-co-OEGMA) in
scCO,
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Fig. 4-3 IR spectra of P(IMEO,MA-co-OEGMA) with 10 mole% OEGMA
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Fig. 4-4 The phase transition of P(IMEO,MA-co-OEGMA) water solution,
10mole% OEGMA
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Fig. 4-5 Comparison of the heating and cooling process at 665 nm observed for the

temperature-sensitive property of PIMEO,;MA-co-OEGMA) water solution

with 10 mole% OEGMA
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Fig. 4-6 The effect of solution concentration of P(MEO;MA-co-OEGMA) on
temperature-sensitive propetrty
(1) 20 mole% OEGMA, 6 mg/mEx2) 20 mole% OEGMA, 3 mg/mL
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Fig. 4-7 The effect of reactants compositions on LCST
(1) 0 mole% OEGMA (3) 10 mole% OEGMA
(2) 5 mole% OEGMA (4) 20 mole% OEGMA
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Fig. 4-9 The UV analysis for the effect of reaction time on temperature-sensitive property
(A) 2hr  (B) 3hr
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Fig. 4-10 Thermogravimetric curves of P(MEO;MA-co-OEGMA) which have
5 mole% OEGMA in different isothermal times at T = 100 C
(1) 0 min (2) 30 min (3) 60 min
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Crosslinking Reaction
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PDMS-g-PAA-g-P(MEO,MA-co-OEGMA)

Fig. 4-11 Schematic diagram for crosslinking reaction of
(PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA) in scCO,
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Fig. 4-14 The IR spectra of (RDMS-g-PAA)-g-P(MEOsMA-co-OEGMA)
with different contents of PDMS-g-PAA
(1) 0.154 ¢ PDMS-g-PAA |(2) 0:23°g¢PDMS-g-PAA
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Fig. 4-15 Thermogravimetric curves of (PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA)
with different compositions (wt%) of PDMS-g-PAA
(1) 0 wt% (2) 20 wt% (0.154g) (3) 30 wt% (0.23g) (4) 100 wt%
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Fig. 4-16 The TEM images of (PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA)
(a)(b)*x80000 in acetone (c)(d)x120000 in acetone (e)()x80000 in water
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Fig. 4-17 The UV curves of the selution of (PDMS-g-PA A)-g-P(MEO,MA-co-
OEGMA) with 30'wt% PDMS-g-PA A at\different t¢emperatures
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Fig. 4-18 Determine the LCST value of (PDMS-g-PAA)-g-P(MEO,;MA-co-OEGMA)
with 30 wt% PDMS-g-PAA by UV analysis at 191 nm
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Fig. 4-20 The swelling ratio tests for (PDMS-g-PAA)-g-P(MEO,;MA-co-OEGMA) in
buffer solutions with various pH values
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Fig. 4-21 IR spectra of (PDMS-g-PAA)-g-P(MEO,MA-co-OEGMA) which reacted in scCO, at different temperatures, P = 300 bar for 8 hr
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Fig. 4-22 The SR tests in buffer solutions with various pH values for (PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA) which reacted in scCO,

at different temperatures, P = 300 bar for 8 hr
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Fig. 4-23 SEM images of (a) PDMS-g-PAA and
(PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA) which reacted in scCO; at
different temperatures, P = 300 bar for 8 hr
(b) 60°C (c) 70°C (d) 80°C (e) 90°C (f) 100°C
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Fig. 4-24 IR spectra of (PDMS-g<PAA)-g-P(MEO;MA=:ce-OEGMA) which reacted in
scCQO; at different pressures, T = 100,C for 8 hr
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Fig. 4-25 The SR tests in buffer solutions with various pH values for
(PDMS-g-PAA)-g-P(MEO,MA-co-OEGMA) which reacted in scCO, at
different pressures, T =100 ‘C for 8 hr
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Fig. 4-26 SEM images of (PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA) which reacted
in scCO; at different pressures, T =100 C for 8 hr
(a) 140 bar (b) 200 bar (c) 250 bar (d) 300 bar
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Fig. 4-27 IR spectra of (PDMS-g<PAA)-g-P(MEO;MA=:ce-OEGMA) which reacted in
scCO» at 300 bar, T=100 C fot différent reactiontimes
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Fig. 4-28 The SR tests in buffer solutions with various pH values for
(PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA) which reacted in scCO, at 300
bar, T =100 C for different reaction times

(1)2hr(2)4 hr (3) 6 hr (4) 8 hr (5) 10 hr
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Fig. 4-29 SEM images of (PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA) which reacted
in scCO, at P=300 bar, T = 100 C for different reaction times
(@) 2 hr (b)4 hr (c) 6 hr (d) 8 hr (e) 10 hr
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Fig. 4-30 IR spectra of (PDMS-g-PAA)-g-P(MEO;MA-co-OEGMA) with different
compositions (Wt%) of PDMS-g-PAA which reacted in scCO, at P =300 bar,
T=100 °C for 4 hr
(1) 0 wt% (2) 20 wt% (3) 40 wt% (4) 60 wt% (5) 80 wt% (6) 100 wt%
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Fig. 4-31 SEM images of (PDMS-g-PAA)-g-P(MEO,;MA-co-OEGMA) with different
compositions (Wt%) of PDMS-g-PAA which reacted in scCO, at P =300 bar,
T=100 °C for4 hr
(a) 10 wt% (b) 20 wt% (c) 30 wt% (d) 40 wt% (e) 60 wt% (f) 80 wt%
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Fig. 4-32 The UV analysis at 191 am by heating from:l 8 “C.to 60 C for (PDMS-g-
PAA)-g-P(MEO;MA-¢o-OEGMA) with different.compositions (wt%) of
PDMS-g-PAA which reacted imscCQj at P = 300 bar, T =100 C for 4 hr
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Fig. 4-33 The SR tests in buffer solutions with various pH values for (PDMS-g-
PAA)-g-P(MEO:;MA-co-OEGMA) with different compositions (wt%) of
PDMS-g-PAA which reacted in scCO; at P = 300 bar, T = 100 ‘C for 4 hr

(1) 10 wt% (2) 30 wt% (3) 40 wt% (4) 60 wt% (5) 80 wt%
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Table 2-1 Some polymers and surfactants that show temperature-induced, reversible

phase-separation in aqueous solutions (Hoffman and Stayton, 2004)

Polymers with amide

Poly(N-substituted acrylamides)

ex: poly(N-isopropyl acrylamide) (PNIPAM)
poly(N,N-dimethyl acrylamide) (PDMAAM)
poly(N,N-diethyl acrylamide) (PDEAAM)

Poly(N-acryloyl pyrrolidine) (PNAPR)

Poly(N-acryloyl piperidine) (PNAP)

Poly(acryl-L-amino acid amides) (PALAAM)

Polymers and surfactants with ether

PEO-PPO-PEO triblock surfactants
(PEO: polyethylene oxide; PPO: polypropylene oxide)
Alkyl-PEO block surfactants
Random (EO/PO) polymers or copolymers
ex: poly(MEO,;MA-co-OEGMA)
Poly(vinyl methyl ether) (PVME)

Polymers with alchohol groups

Hydroxypropyl acrylate (HPA)
Hydroxypropyl methylcellulose (HPMC)
Hydroxypropyl cellulose (HPC)
Methylcellulose (MC)

Poly(vinyl alcohol) (PVA) derivatives
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Table 2-2 Properties of polymers prepared with oligo(ethylene glycol) methacrylates of various lengths (Lutz, 2008)

Properties in Aqueous

Commercial Availability of the

Polymer Environment Monomer
1. PMMA hydrophobic yes
2. PMEMA slightly hygroscopic yes
3. PMEO,MA LCST~26C yes
4. PMEO;MA LCST~52C no
5. POEGMA LCST~64C yes
6. POEGMA475 LCST~90C yes

Table 3-1 The preparation methods of buffer solutiors for different-pFvalues

pH value 0.2 M KHP (ml) 0.2 M HCI (ml) 0.2IM PDHP (ml) 0:2:M NaOH (ml) NacCl (g) Total volume (ml)
pH=2.3 125 101.75 0 0 0.27 500
pH=3.77 125 6.575 0 0 1.384 500
pH=6.96 0 0 86.2 0.05 51.086 500
pH=8.12 0 0 86.2 0.05 80.69 500
pH=11 0 0 0.23 0.05 110.69 530
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Table 4-1 The experimental conditions about the effect of compositions of reactants and reaction time on temperature-sensitive property

Experimental MEO,MA OEGMA PDMS-g-PAA AIBN Bis T P Rotation Rate Reaction time
number (2) (mole%) (2) () (g)  (C)  (bar) (rpm) (hr)
A0 1.53 0 X 0.05 X 70 200 500 3
Al 1.53 5 X 005 X 70 200 500 3
A2 1.53 10 X 0.05 X 70 200 500 3
A3 1.53 20 X 0.05 X 70 200 500 3
A4 1.53 20 x =~ 0.05 X 70 200 500 2

AS 0.06 0 . ; A Don’t undergo the reaction
A6 0.05 50 - Don’t undergo the reaction
B1 0.6 10 0:154*. | 0.05 0.08 80 250 600 8
B2 0.6 10 0.23 0.:05 0.08 80 250 600 8

A : The reactants only have MEO,MA and OEGMA
B : The reactants include MEO,MA, OEGMA and PDMS-g-PAA
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Table 4-2 The experimental conditions for different operating temperatures

Experimental MEO,MA OEGMA PDMS-g-PAA  AIBN Bis T P Rotation Rate Reaction time
number () (mole%) () © (@ (O (ba) (rpm) (hr)
No.l 0.6 10 0.23 0.05 0.08 60 300 800 8
No.2 0.6 10 0.23 0.05 0.08 70 300 800
No.3 0.6 10 0.23 0.05 0.08 80 300 800 8
No.4 0.6 10 0.23 0.05 0.08 90 300 800 8
No.5 0.6 10 0.23 0.05 0.08 100 300 800 8

Table 4-3 Effect of operating temperature on recovery ratio of products

Exﬂirrgﬁ?tal tem?agf;?frl;%’c ) Recovery ratio(%)
No.1 60 114
No.2 70 14.4
No.3 80 36.4
No.4 90 29.9
No.5 100 305
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Table 4-4 Effect of operating temperature on particle size and standard deviation

Experimental Operating temperature Particle size Standard
number (C) (um) deviation
No.1 60 Aggregation X
No.2 70 Aggregation X
No.3 80 0.285 0.153
No.4 90 0.284 0.129
No.5 100 0.223 0.077
Original PDMS-g-PAA 11.064 4.54

Table 4-5 The experimental conditions for different operating pressurés

Experimental MEO,MA OEGMA PDMS-g-PAAI _AIBN Bis T P Rotation Rate Reaction time
number () (mole%) (2) ¢ (g) (C) (bar) (rpm) (hr)
No.5 0.6 10 0.23 0.05 0.08 100 300 800 8
No.6 0.6 10 0.23 0.05 0.08 100 250 800
No.7 0.6 10 0.23 0.05 0.08 100 200 800 8
No.8 0.6 10 0.23 0.05 0.08 100 140 800 8
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Table 4-6 Effect of operating pressure on recovery ratio of products

Exfl f;; ?Z?tal Operating pressure (bar) Recovery ratio(%)
No.5 300 30.5
No.6 250 28.8
No.7 200 329
No.8 140 45

Table 4-7 Effect of operating pressure on patticle size and standard deviation

Experimental ~ Operating pressure Particle size Standard
number (bar) (pm) deviation
No.5 300 0.223 0.077
No.6 250 0.947 0.312
No.7 200 1.222 0.64
Aggregation
No.8 140 5785 2.407
PDMS-g-PAA 11.064 4.54
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Table 4-8 The experimental conditions for different reaction times

Experimental MEO,MA OEGMA PDMS-g-PAA  AIBN Bis T P Rotation Rate Reaction time
number @ (mole%) @ @ @ (O (an (tpm) (hr)
No.9 0.6 10 0.23 0.05 0.08 100 300 800 10
No.5 0.6 10 0.23 0.05 0.08 100 300 800 8
No.10 0.6 10 0.23 0.05 0.08 100 300 800 6
No.11 0.6 10 0.23 0.05 0.08 . 100 300 800 4
No.12 0.6 10 0.23 0.05 0.08 100 300 800 2

Table 4-9 Effect of reaction time on recovery ratio of products

Experimental

number Reaction Time (hr.) Recovery ratio( %)
No.9 10 33.2
No.5 8 30.5

No.10 6 355

No.11 4 34.9

No.12 2 32.6
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Table 4-10 Effect of reaction time on particle size and standard deviation

Experimental Reaction Time Particle size Standard

number (hr) (um) deviation
No.9 10 0.247 0.127
No.5 8 0.223 0.077
No.10 6 0.218 0.088
No.11 4 0.225 0.093
No.12 2 0.312 0:202

Table 4-11 The experimental conditions for different reactant compesitions

Experimental MEO,MA OEGMA PDMS-g-PAA  [[AIBN Bis T P Rotation Rate Reaction time
number (©) (mole%)* (Wi%)" @) (g) (‘C)  (bar) (rpm) (hr)
No.13 1.8 10 10 0.05 0.08 100 300 800 4
No.14 0.9 10 20 0.05 0.08 100 300 800 4
No.11 0.6 10 30 0.05 0.08 100 300 800 4
No.15 0.45 10 40 0.05 0.08 100 300 800 4
No.16 0.3 10 60 0.05 0.08 100 300 800 4
No.17 0.225 10 80 0.05 0.08 100 300 800 4

a: mol% of OEGMA in the mixture of MEO,MA and OEGMA

b: wt% of PDMS-g-PAA in the total mixture of MEO,MA, OEGMA and PDMS-g-PAA
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Table 4-12 Effect of reactant compositions on recovery ratio of products

Experimental PDMS-g-PAA Recovery ratio Grafting ratio
number (Wt%) (%) (%)
No.13 10 18.3 50.5
No.14 20 25.8 35.5
No.11 30 34.9 34
No.15 40 38.1 25.2
No.16 60 44.8 16.5
No.17 80 497 10.8

Table 4-13 Effect of reactant Gompositions on particle size-and standard deviation

Experimental PDMS-g-PAA(Wt%) Pasticleisize Stal}dgrd
number (J,Lm) deviation
No.13 10 9.296 3.779
No.14 20 0.39 0.159
No.11 30 0.225 0.093
No.15 40 0.254 0.089
No.16 60 0.146 0.053
No.17 80 0.139 0.05
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