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Synthesis of Semifluorinated Block Copolymers by Group Transfer Polymerization

for Carbon Dioxide Application

Soo-Hyun Lee

Department of Photographic Science and Information Technology,

Graduate School.

Pukyong National University

Abstract

Amphiphilic Block Copolymers consisted of poly(dimethylaminoethyl methacrylate) (DMAEMA) or
poly(methacrlic acid) (MAA) block as hydrophilic and poly(1H, 1H,2H, 2H- perfluorooctyl methacrylate)
(1H, 1H, 2H, 2H-FOMA) block as CO,—philic were synthesized by Group Transfer Polymerization (GTP).

GTP controlled molecular weight by the ratio of monomer to initiator and led to block copolymers with
narrow molecular weight distribution.

The GTP was initiated by methyl trimethyl silyl dimethyl Ketene acetal(MTSDA) with tetrabutylammonium
bibenzoate(TBABB) as a catalyst.

Titanium dioxide nanoparticles were successfully produced by the controlled hydrolysis of titanium
tetraisopropoxide in water—in-CCz{(w/c) microemulsion stabilized with surfactant PDMAEMA-b-PFOMA

(1H, 1K, 2H, 2H). Phase behavior of PTHPMA-b-PFOMA(I1H, 1H 2H 2H) in supercritical carbon dioxide (ScCOs)

were investigated upon the thermolysis of the tetrahydropyranyl group in the PTHPMA bhlock.
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Table 1. Comparison of the physical of gas, liquid and SCF phases.

Ph Density Diffusion Coefficient Viscosity
ase 5
{g/cm®) (cm’/s) (g/cm * s)
Gas -10°* 0.01-1.0 104
SCF 0.2-0.9 103101 10410 °
Liquid 0812 <103 10 “
100 —
8071
§ Critical Point
: 601 (31.1 C,73.8 bar)
é Solid
4
E —
40 Vapor
201
Triple Point
/] (-57°C , 5.3 bar)
0 T T T T T
-100 50 ) 50 100

Temperature (°C)

Figure 1. Phase diagram of carbon dioxide
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f Polymers
CO,-Philic CO,- Phobic
1. Amorphous fluoropolymers 1.Lipophilic
2.Silicones 2.Hydrophilic

Figure 2. Categorization of Polymer solubility in carbon dioxide
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Figure 3. Schematic representation of steric stabilization mechanisms
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oil-water Aol 2] AA@AdAe] HLBe 22 7i¥<el HCB (hvdrophilic
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Surf. Concentration
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Temperature —»

<— pH
<— Hydrophilic / CO,-philic Balance(HCB)

Figure 4. Variable formation of Water/CO./surfactant
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Figure 5. Scheme of the lithographic process showing both

positive and negative image
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IBM Version 1 resist CH; CH;

NEC | |
~e=CHy C————CH;—C——
TH3 ?Hg (lfﬂs =0 C=0
—CH;-C—CH;—(l‘ C Hz—cl‘.— (|) (I)
%ﬁ:o (|T=() (lt=0
0 (0] 0
| l I
CH, t-Bu H
COOH COOR
IBM Isobornyl methacrylate resist N
Fujitsu cn, CH,
CH, CH; CH,
| ’ —CH,-C CHy~
—CH,-C CH,—C CH,~C— |
| | c=0 =0
=0 =0 =0 | I
| | 0 4]
| |
R

B ot

Figure 6. 193 nm photoresist material (polymethacrylate group)
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%20 2 Group Transfer Polymerization (GTP)e] 2z ¥ i, 19

AwE FleB A o 2H 25 LDA[LING-CiHp)ze EA shell Bulid} 8HE
AA O-B53 d&lenols WE S d3t EWE A (trimethylsilylchlo
ride) ¥ w2 A)7|H A A ol AR (silyl ketene acetal)o] A= =d, o A
oo E2023 Lo|&2(F)& FWE dte] qf-E33t Fl2Rd 5T a0l
Michel #7}9t3-& 3tA Hvl Websterd] WH-E ol F Frgd@urge T30l
o] &3t FAefolm, AEAH MAAZE WE EduWadd A oA (methyl
trimethylsilyl ketene acetal}2 AF283, monomer=4 71EHo 2 ofa¥AE

ol &3l gt AEA, YELA, 7t2 A EA vl EE o

MU ol
o
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F ddxn BaHgg. 7] olF FEEe wE T &

I3
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e
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Raw cea Ao A el e 44E w QoM AT we

2
-1

7} # & E 329 th. Scheme 1914 GTPE ©]£3 polymethyl methacrylate
(PMMA)®] Aol disted veluiied, 7iAAD dE EduEddd dre
g ofAlEH(MTSDA)E AHE3ln, Bxv7zt F=dud A A ddArotAE
AE 7 Baw gwro R olEslA Hi, 1 & RuuEe] ileld HrbEE

Sok AL BRow olFS sdA wgel WayHT

o
ol

* Initiator:

R" OR
\C C/ SiX
p— Me3 i
tH/ \
R OSiR' 3
R=R'=R"=R" = methyl X =-CN, -SR, -CH2CO2R or OP(OEnH2

Figure 7. Initiator of Group Transfer Polymerization

Living polymerization®} A low polydispersityE 471 H3A = /RA A7} Chain
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MAgET wE ALY A B & E monomeret wHEsfor d=dl AAlA S T
=70 A% g Az wissigd olzle rhwstth. A GTPeAA =
silylketeneacetal ©] ©1%%3l 7AA A2 AbgH o] Ak (Fig 1)

* Catalysis:

GTPoll AbgHE Fuie 24 Ad#HG FHoet AHAAY Zu] F A2 U=E
4 <tk HF: (biffjuoride o)t F 7F 7bd &3 A Fojolw Lo of
AHOIE, p- UEZ dHEdolER F&35HA AMgdET ] Hujes ¥ vk
2 ALgEe gy o Si-0-C=C9] Si-O0 A¥E Eoved #FAE&& T
ADAGY Zus ds ojgd, B2 old @9 Soldi 3o
F ZFRgo|=vt AHEEY. ol AHAAY Feje] A fels

g absol wisiatel ol B AT VUL FANPOEA ANA FA B

o
E

Ao o) gurh WY B BEE AlgE0)H
A% haklel tslA 10~20 mol% 7t ARG s ARAg e A
9 ExpEko] Bt A2 oligomer®] #Adol A& aglen, Mercurie iodide +=

GTPE acrylate® 4% Wl F2 Fv)olA T methacrylate & F§ole Zuivl

il's

S8 A @i

GTPo Al&=H= &ule] M ol FFAM 2ot ¥ F=2 Tetrahy
drofuran{THF)¢] AFg5o]#]1, toluene, 1.2-dimethoxyethane, chlorobenzene,
DMF 5% &ulg ol&a £ gt = GTPA AH&5= o3bale] whgge
acrylonitrile > methacrylonitrile > acrylate > dienoates > methacrylate 9 &
ol 3, gh&lell AF T acid 71E EFste A A i o3 HARES
g ol GTP7l B7hg3t)h ol AS REshr] fAsA g3de nirE =Yt
of Meg APA I dhgo] B & TR E st dde AL EE
3

T oacid?] HHE MR 1EAE w=s S ARRTH olEigk WRleR
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15 a4 53

B AFdae olitgeihoA AHEGAR ALEst) S8l 28 FSTAE
st 1 8-S Agason, BE olitgea s dAA4EviE A" T+
= photoresist A5 EAel A dAF= A Hgsiact FAds B F

Z 8 A =COs philic 3+ fluorinated methacryvlate$! 1H,1H-perfluorooctyl metha
crylate (1H,1H-FOMA), 1H,1H,2H,2H-perfluorooctyl methacrylate (1H,1H,
2H,2H-FOMA)$} Hydrophilic 3 ®& 22+ 2-dimethylaminoethyl methacr
ylate (DMAEMA)E o] &3ttt /3¢ pHE Edte] &sied WaAd = 3
54E 71d DMAEMAE ol &3 <ol&4d AHZAdAe] 4% IRP Fo

t
i

4

o}, ¢ 1H,1H2H2H-FOMA$ protecting 1§ S = X3 ¥ 2-tetrahy
dropyranyl methacrylate(THPMA)E ©] &3] CO:philic %7 CO: phobic &
2o Zole] wE &3xe] zelst THPMAS ExR5 gkgo] ZaEo]
THPMA E&o] 249 methacrylic acid & W3 F 2 A o] atstgkArfol A
o] gl Aol thalx olr st

olsigtarolqe] SEEek: AolB AXAW AEHAANE 22 TFEA
= Rade 2% FFEA BT 2EA T2 R A7) A Folw 2y

=
ANZAANZ AL BES 33849 39 Hydrophilic®} CO:-philicd &5
9] dole] u|7t COz oA DojA|v+= el ze] AT YA BREEZ A FFEFE

oz o zl2 E29 Zolo] W} E3 H7|&uld d L2 25T,
=9 5% pH ¥ g &= 545 A% o] 2t sk A2 of] A 2
/3% zlo]E =431, amphiphilic surfactant® ©|8-3}a] water-in —carbon
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dioxde(w/c) vholzzol A2 A Z}t W, ratio(water/ surfactant)ol w2 TiO-
nanoparticle & Ao & dAFsE.

gy ojitgetAa s AR ALEste TEHALEY AR U AT
Hydrophilic & CQOe-philic®] &% d]o| wet olilslebsol st =5 #hot
3ted cloud pointE& TF¥3E Y, €R T HbSo] zAal®E & THPMAZF MAAZ u}
#lel S48l acid?]E o]kt ifol o] & W3t
g oy olidsteAE BAEME ol&oe EEUXAE AR WF 7| xFH ]

i

N
o)
i
L
S
o
2

2.1 Aok

Tetrahvdrofuran(THF : J. T. Baker, USA)2 calcium hydrideE °o]&3] 1z}
%3 t}2, benzophenone, sodiume ©]-&3 AL&37] F Ao AA s
DMAEMA (Aldrich)e AH& Hd &3Fvug d8s 534 A4 F% SAAE
TR R S 5 A
Tetrahydropyrany! methacrylate(THPMA)= MAA<$} 34-dihydro-ZH-pyran<]

o ~E| 23 wre e Ea Azdold ALB Alg A basic IO AP L

=\ =

AAE & calcium hydride® AH&3sled 7+

ofN

$ 34170 ¥ calcium hydride® Ab&stel 3¢ FFako] Abg sl
1H,1H-FOMA, 1H1H2H2H-FOMAE Syn Questel A 748t F4 @3]
U} ARS BN T ARG et FRaEA A

Zu] 2 AR E o] 2= tetrabutvlammonium bibenzoate(TBABB)E #3&lo| Wi
¥ doz FrAstol AEEith[24] GTP 7HA1AQ1 methyl trimethyl silyl

dimethy] ketene acetal(MTSDA)E calcium hydrideZ Ab&35te] 79t ZH519
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el g v Adel WE Aol ZAQ A sl EHY FEE

2% THFE dbg w2 Fdo SRt AHEstdon, e 2252 140 T

X 24 AZE AEAZ AEE At

2.2.1 PDMAEMA-b-PFOMA 2] A
A 7bA~8 %89 50 ml S22 4 mg?] TBABBE %2 & THF 10 mlZ
Zolsith. alx HEL 7)o WA Al MTSDAE 1 ml FA7] & o83l 0.087
mle] g FUe F 5 B w3t F 2 ml FA]E AFE-Ste] DMAEMA
2 mlE 18 B¢t A3 Feg. old Fehaa oA REGHo] dojrt= A

ol &k = gtk ke g 308 Fob WA ¥ 03mlE Sobd ©E 2 ml F
715 ol &8s 1H,IH2H2H-FOMAE & A7t FJ@h 127 Ft wvhg
S A#AIZ F methanol 2 mlE Frbete] HAAAIZ| 5 2 ugk & &+ wbG
2 hexaned| FAANA FHH B F, AFLENM 2443 HAxsA 2

AAES AT Mo nmr = 5.756-b-3441)

2.2.2 PTHPMA homopolymer 2] 4
A4 7hA2 238 50 ml flaske) 4 mge] TBABBE Y2 % THF 8§ mlE F9
v}, zeEln wrev)ol AAAIQ MTSDAE 1 ml FA7]E o] &sta] 0.07 mlE
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31 thermolysisE Z1 33k & A

7bol wal 'H NMR3} IR, TGA A& 3ol THP-group?] deprotection #9143}
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2.2.3 PTHPMA-b-PFOMA 2] §A

A4 7b22 2 3H 50 ml flasko] 4 mge] TBABBE “¥& & THF 10 mlZ

N

gttt 22 m wgrlel AAAS MTSDAZ 1 ml #4715 ol &&a 0.063 ml

= FYU F 5 20 AWt F 2 ml FA]E AHESte] THPMA 2 mlE 12 5
b MM s Figrh. ojuf FHepaz oA wEESde] dojubE 3 #l T
Ach w28 40 B FoF WaAF 3 0.5 mE Boldll thE 2 ml FAE o] &3}
o 1H,1H,2H,2H-FOMA 133 mlE& #2 A|7te] FA3ch 2~343F Fob v18-&
A A7) E methanol 2 mlE A7 sle] A= A7) 5 BE7F wuk 3 & "o E
£ AFA7] & 1,1,2-Trichiorotrifluoroethane(FC-113)ol} =] A] hexaneol] # A A|

A dHY 3 &, WFeEdA 2447 Hxele 38 go] YHEE AU (M

2.3.1 cloud point &4
obzf o] Fig 8o veltsle ZAAF 13t w719 COx-tank 28] 3L o] 2h3}gh

29 input# output 2 ¢ = HZ B @B wETIete] mtavgulE 3 WA

s

F oot 2"HZ 4 oldses BE AAUE Fulwd 28 ml g 9



27|l PDMAEMA-b-PFOMA 0.25 wt%& %<& & #§7] ¢+& CO: & A4

Wi wbe7)ete] gl JAES olgde ¥HE 1000~6000 psiE F2@SHaL,

=

water bath® ol &3ld 25 & 25~70 TE x4 3%t}

2= %42 water bathg o] &3t ztzt 70 T, 60 T, 50 T, 40 C, 30 T=
dele AT, E4 A LEE DA 0SB/ FAL 50 psi ¥ B

NIIHA view cellE 3l cloud pointE &4 ki,

Back-Pressure Regulater

M Vent
. @ Trap
Metering puntp
Fl- High Pressure
h.l_ ‘ Reactor
I_I Water bath
CO2 Tank
Magnetic stir plate

Figure. 8 Scheme of high pressure CO. system
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2.3.2 W/C microemulsion A% 2 nanoparticle A

dwo) Apmolo] FEbrz d me WA w7
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7ty a8y FeFE o)8sle 252 25 CR 73
Asiel, 30% 3 whg7] <re] <Ay HW Titanium tetraisopropoxide(TTIP)
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2.3.3 PTHPMA-b-PFOMA9 &3 x =34

thermolysis® 5+ PMAA-b-PFOMA &5 $3FHE ¢ HHoeg o4

gebs Yol A cloud pointE 73t}

Y uEAe By EAZFEEE 5457 #élel GPC(Hewlett

Packard (USA), 1100series) & AH&3att)

polymer standards service clumns(guard, 100A, 1000A, 10000A)3 isocratic

z8

pump(HP-G1310A)& ©°[-&38te] RI detector® SFAHeHATt. 25T2| THF
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(lml/min)ell polystyrene standard (Mn,1350, 2850, 4950, 7000, 10830, 20630
215425, 33072%), polymethylmethacrylate standard (Mn,1660, 5090, 10900,
31600, 93300, 29600002 Al8-3t4] calibration curve® V3t Alx &9
5 01 wi%s EF4stdrt.
Z=HMn) @ monomer conversiong 4 3}7]

injection volume 100p¢
L@ Aol R

FAa= ol
2stal JEOLNM ECP-400)°) 'H-NMR& At&stgen | &= FC-1133

i)

tgdt}. Spectral range:= 4000~400 cm "°] il

CDClz 28] DMSOZ AF&3lF )

[R ¥34 ~sE# 2 BOMENALS] B-100{(canada)2" Michelson series FT-IR
AHEste S AT _

td EFA3 A

S

spectrometer<
<2 Dynamic laser light scattering

EatAl]
=]

EX
o]

transmittance= 10%]
PDMAEMA-b-PFOMA micelle 7]
o Brookhaven laser light scattering 7]71(Brookhaven
Alg E98 01 wt% 22 AFso] 0.45m

(DLS)2 =H4sl9 e

Instrument Co) 2 A]3s}A T}
%

= o] .
Ab-8-8tH om, 24 mVé diode laser2 4 25 TellA
AR 900 =

syringe filterel E3A1 7 %
659 nm #Hgoz FAHIAT. Aoz HFPH dHelA9
A %= 5 o] Brookhaven BI 9000 AT autocorrelatorell A g = vt
Hydrodynamic diameler (dy) © A Y 452 HE Stokes equations ©|
gate] ANHGI, vlold EAEE pw/T EA4 YeEbRADh 974 mE F
#Aee) 2 3 FA Ao, e HEEH HFolg. BH
Z dotR 7] f38le] transmission electron micrograph
ol 80 kevolA HAsIh A152] micellesd]
55w

A E micelles?] FHE
A 73] kimwipes

& =4

(TEM:Hitach H-7500)& A}-&-3
Hel Z Lolr 7] 23] chloroformel 0.1 wt% FE=
carbon®]l ¥ ¥ copper gnd #o & W& §AE H3F
o7t AxHAAES A E T A&+ stain 8lo] o] &
oo} 7] & Perkin Elmer : Pyris 1 3 Seiko

2EAe) fedol LE(TeE
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. EXTRA R6000& Atgsted HASAT. ANaE= HAgd 200 TAA 525+
deow WAl g v BE 10 T 22 7tdsiaA 245 2
Bz dRE E4HL golr ] 93 A TGA(Perkin Elmer : TGA T)& AHg&35td
Z2Aslgn. AlgE As 2YrlolAd 750 T7A 10 T/mind £k 2 71gstd

31 F3

3.1.1 PDMAEMA-b-PFOMA %4
Hydrophilic 3+ DMAEMA$} CO.-philic FOMAE EE FZHAZ §4st7]
918h A living polymerization?) GTPE & T#3tlch MTSDAE 7IA A=
TBABBS Z=n|& aAl&3le] wA DMAEMA homopolymerE %+4d3Fit}.
initiator 9 monomer ¢ ¥ Z Ex}#FEo] =¥ DMAEMA homopolymer<
FOMAE #7bsi7] ulz @#de) 1 mi FA7124 03 ml® pick updte] 'H
NMR (Fig 9. (a)) 2422 monomerd #AF&o] 90 % o]l oz &4l
o] X =d olzeR GTP7l M2 A7thfol AFHZ Fgo| AgdAdE S
o = 9jrt.  z8lm diblocke TEY] 98 FOMAEZE o] FY3tich
monomer®] #H7}ate] whgo] WFHHE Fob A A HHAR opAE AE}

[UO

monomer Alel 2 o] EshH Al Fgo] A3 AT H(scheme 2). FOMA F¢ % ¥b&
71ete]l = 9~58 ot uhe o] wrAlgl: Aol Feoldr) HlgdS Foldi

304

Me
e

[e]
iy

1o

o
2

A7) Fo methanol2H B2 A A7 28 B E
=

o] ] hexane®. & 7|EFS monomerE2S AAGGET. AxdH &
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NMR o2 g3l ANAS FRA EAEs Al

$57

1.

ﬂ,
o
H
N
1

al,

Axrardch 'TH NMR %4 A PFOMAE f71&vel disl 3o g7 dE
of PFOMA 288 &314717) $lsiAl HA (FC-113)° =% ¥+ PDMAEMA
329 Ho|7] &) CDCLE #H7hsht [&ofn): 3(FC-113) @ H(CDCly)] &

FEEANE LaldHo] 27| W& CDCL 7F djdez® &3 A5
gujlo]l /] FOMA E2o] coreE o|Ft micelles gASHA HEg
PDMAEMA 239] Faj@o] AA At=lojAx, FC-113& ®eol d7E 4§
PFOMAE#o] 937t Aidor ##7] e &rje] 9l & xHo] Fasirh
Fig 991 4 PDMAEMA <3 & a2 PDMAEMA-b-PFOMA &% %A ¢ NMR
A7t JerdaEe, 36 ppme #e Fz2st AAA W"Evle] 53 Aot
AA A2t monomere] ¥E 2Eded BE FFIAMNE AT 2 AAE
Table 2¢] VEIRE &4EAA &5 F5FA G2 EE GPCE 43
=4, First block®l PDMAEMA homopolymer?] U@ites B&d we} =
F Aol AAAT g FF 549 ¥& FAGPD < 1155 JERAY
gamelzl 22 @A SHEE FAstv] A &fulol FolE k=,
AB, ABA 9 M2 & $I=E 7Y EFE 138 A5 FF fujo good
solvente]® th2 &uje&= poor solvent?l ool EAjstA=EE AN Fx=
self-assemble atA B }H'? % Chloroform3 water® At&dto] &AL o
PDMAEMA ¥ good solvent$] chloroform¥ water 8 ol PDMAEMA<=
0] 8}7} Fo] vl (shel)}E o] F 1 PFOMA® & poor solventZ 4H-8-317] uf

o] PFOMAE ©°FZ (core)2 o] 57 ©rh ¥ chloroformdl &= & 8% 5%

f,

il

jrm

Aol B LEy=EUoY, waterd = DMAEMA E&o] & 57k-b-3.4%
83k-b-2.1k9 Aoy ga=ENeH, e B sTFAE2 AHA
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Scheme 2

o
H3C\ OSi(CH); HZC__:T e H3(H|:_CH2 OCHCHN(CH),
/c:c\ N =0 (|3:0
H;C OCH 0 o

CH;CHN(CH), CH,

Itw

2

|

CH, /OSi(CH)3
N
§ + n 2 » C:C\
PDMAEMA 4 OCH.CH,N(CH),
(|7Hs Tﬂa (|3Hs
H, H,
+ CH—C
4 m CH, | > —(—c—(|:~+n-—+c—(|z4ﬁ
=0 c=—0 c—o
| | |
| I |
CHCHCF1 CHCHNICH),  CHCHCF;
3 6
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Table 2. Synthesis of PDMAEMA-b-PFOMA Copolymer by GTP

First block. =~ Diblock -
_. M ' pin, exf A,W,M,,b M, 1 T il PD;T;MA  Yield(%)
(<109 (e () x107) PFOMAGAR)

5 37 108 7.5 9.1 271 80 %
4.5 5 12 12.5 /1.5 85 %
1 I.i 108 [ 8.8 225
2 2 Lil 12, 12,7 1.5/5 90 %
2.5 4.3 LIl E) 9.7 /1 80 %
75 8.3 LIy 9.5 10.4 3/0.8 B8 %

“ Calculated by the ratios of monomer to the initiator
" As determined by GPC (calibrated with polystyrene standard)

o

A s determined by 'H NMR spectroscopy
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Figure 9. 1H NMR spectrum of PDMAEMA homopolymer
and PDMAEMA -b-PFOMA block copolymer
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Table 3. Micelle Characteristics block copolvmers in different

solvenis by Dynamic Light Scattering

DLS(chloroform) DLS (water)
42.3 nm 73 nm
365 nm x
290 nm x
500 nm x
116.5 nm x
78 nm 923 nm

temperature : 25T, concentration of micelles : 0.1 wt%

x : No micelles by water

Hiote] AL B2 FE2EAY DLS &4 Z37} table 3o veidsled,
B2 333404 DMAEMA E£o| tisls EXth chloroformd -8 &) %7}
7] wjFoll HAHAA weld AV|E Eoll vjs] 15~30nm A FAHEUH
FOMA E%o] nj&z3iAyd o & Asde 2% 3589 hydrophilicdt 44
Bt FOMA 229 hydrophobicdt B%2] AAo] 77 wjite Eoff 43
H %] &=t} chloroform Wel A wle]d z71 FOMA E5o] #& AR #2&
ofe] AS FAs T FOMA HFo] &% d & rlold FHE Yehioloh
DMAEMA®] §3j5 54l gia) getrr) ¢ £xe 453 pHELEA



ZolM fEE 7AE 57k-b-34k, 83k-b-21k BEE TFFEAY ulold
A718 FAsged, 222 2423 40T, 50T, 60T e =Ho g2 A5l
Fig 10, 110 el Aol 70 nme] ZHe =27]2 vebd wlolal =7]7}
40 CE 58 4547 27 90~100 nmE 277t 28 Z7sla, 50T oA
© 93~110 nmE YERHAT. T3 60T de SxodMe vro]ldibe] &3

i

o2 Qg Ay ¥¥o FFUNAL I/ % 300nm ©|F OB Frbte] BETY
g Hu Agke] Kol weh epehel] AdHE A& F F 5 Ao
Fig 12 oA+ 001 M2 NaOH &9 001 M2 H g HZ ol &3t pH
At wE BE FFEAL uteld ZVE AT AL vEhdch

PDMAEMAs;7-b-PFOMAsa& ©1-&3e}, pH 20~90 744 WA 7 DLSE &
Astget. pH 5 |89l <t &HoAlE DMAEMA £%¢9 &3%7 F7hsty
DLS %4 A vpeld @7]7h sty el vha]l pHE S7hA1714 Bl o
g DMAEMA E£5°| &3t 3437 diod FAHolAe vle]ld =7)7}
F7beka, Z71BEE @A dewth 225 pH7E 9 oM e v A=)t
AA Skt F el A s

A7 49 vio] 29 morphologyE TEME #4& %3 #<stgct TEM
Abzle] Fig 13 o vehusl=d], $vl & chloroform 3 waterS AFE3 1, A A
o2 &% chloroformo 4 FOMA7Z} coreE o] Fi DMAEMAZ} shell& o] %
= sphere E|e] wlo]dle] FAHAT, =7]= DLSS HRFAS o ALY} =
a 22 A7|E JGER T

Tk-b-34, 83k-b-2.1k<& HF+AHYU DMAEMA EEo] =7 wjie] U7t

Ot

3,
AAAME 234 27]7} 40~60 nmsl FA vlol AL HHF 5 9o} 3

AR

Hel 45 FOMAS &%o| Z7] mEol viol & core Z717F 2A F7t

Ol

kL,
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Figure 10. Micelle size distribution for the PDMAEMAbL.7k-b-PFOMA3.4k

copolymer at temperature :

{a) room temperature (b} 40 T (c} 50 T, (d) above 60 T
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Figure 11. Micelle size distribution for the PDMAEMAS.3k-b-PFOMAZ.1k

copolymer at temperature:
(a) room temperature (b} 40 T ({(c) 50 T (d) above 60 T
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w0

pHO
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Figure 12. Micelle size distribution for the PDMAEMAS.7k-b-PFOMA3.4k
copolymer at pH value in water : (a) pH < 2 (b) pH 3, (¢) pH 4,
(d) pH b5, (¢) pH 6, () pH 7.2, (g) pH 85 (h) pH > 9
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]

16 min

————

Tithin

Cationic-1 (water) Cationic-3 (Chloroform) Cationic-6 (water)

Figure 13. TEM image of spherical micelle of block copolymer
Cationic-1 : PDMAEMAsn~-b-PFOMA34, Cationic-3 : PDMAEMA-b-
PFOMA77, Cationic-6 : PDMAEMAgs—b-PFOMA:2 1k
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vlolale) z7iE B#9d AFS JYeEdndeh 271 2REw g7 A7)0
150 nmel A gk, whel A glzk FelA Z7]7F F vl 300 nm o]de) A% AU

et

o

3.1.2 PTHPMA homopolymer¥ /3

#4% PTHPMA @ $34%= 'H NMR, GPCE F43ste] &3 ditid=
= Aastdd. 'H NMRoIA 5578 615 ppmelAl Y2 monomer?] me
thylene 327t o AtgAlE 244 #Asn, Q45N 99 FEAE haxane
of HAAF L, AZ T FA 2 A 90 %ol FFel FAHIUTE & F 2
AT},

4 5ol PTHPMAY GPC 24024 ¥AZd BAZF £3x5 44T 2

1=

3} zvzh 21k, 35k, 4.5k AR Eglxn, B4 &

bt
H1
—_
oo
!
[—
)
(76
lo
frt
pie
o

pagk B nEart FAHASE #9 F AMT

45 o}xl PTHPMA =49 deprotection 542 ¥olrie HAEE WdPst
Ar) wEy EdeiA AHRw THP- 259 deprotectiond] o= 01 M
o] HCIS AH&3 acid hydrolysis®t 145 C ol/dell A @33t thermolysis7h 8
o B o] =¥ o= THP-1&9] deprotectiond ol 7] 3)A 23 .ol
X 140 C €E2 thermolyses A7, Aztel Azl wek [R¥ 'H NMRE %4
sto] 1 A= 3. PTHPMA WelA THP- 2% 2l deprotectiono] 8
HH FAe MAAZ HEHEA IRNA 3400cm o 4] ~COOH®] -OH band<]
ye golar 4 9lelth (Fig 14) 28 THPMAS MAA9 ¥ & otolr 7]
A A7+ A3 wed ddEEAe 'H NMRE =48] THP-2%9 54
339 58 ppm¥ MAA2 B4 ¥ =9l 123ppme] A7 & v wa| R,

140 € o)A 30% FT2E deprotection ©] FAEHE AL & £ AU 60 7ol
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Avt F ook 22 % ©] MAA7E EAEE & F UG 2 F 0 2] B} F

st yel THPMASE MAA 7t A9 11 8l &e] &

3217 3080l A} FelE oF 70 % oldel MAATYE EAde]l & & RN
&

A1ZF, 18217 30 A7 AFstE B9k MAAS] Hl&o| F7hsta 60 Ak

Table 4.

AgE o & AUy

Group Transfer Polymerization of 2-tetrahyvdropyranyl

methacrvlate

' M
; monomer | initiator" | cat’ e Yield (%)
potymer (mmol) | (mmol) | (mmol) | Mn, th  Mn, calcd e ”
A0y <10
PTHPMA 5.747 0.5 4 2 2.1 92 %
PTHPMA 5.747 .33 3 3 35 95 %
PTHPMA 5.747 025 2 4 4.5 93 %

a

¢ : calculated of GPC

: methyl trimethyl silyl dimethyl ketene acetal, ® . tetrabutylammonium bibenzoate,

Scheme 4 Conversion of PTHPMA to PMAA : Thermolysis 140 T.

Thermolysis
140 C
-
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«\_M__MV ] '
-~ J XM{L‘ W/\

(b)
Figure 14. FT-IR spectrum of PTHPMA deprotection ratio of

thermolysis time. (a) 2000~500cm 1 (b) 4000~500cm *
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Figure 15. 'H NMR spectrum of THPMA homopolymer and

deprotection ratio of thermolysts time.
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Figure 16. TGA trace of a THPMA homopolymer, showing the initial
loss the THP-group and subsequent dyhydration of the PMAA

to poly(methacrylic anhydride)

(a) original, (b) thermolysis after 3h 30 min (c) thermolysis after 60 h

_40_



% 58 ppmolAE B2zl Holxl ol THP-1§9 deprotection®® Z5F
MAAZ ®Wa oo ol s &= g9t} 'H NMR &R0 5 o 6A7F ool F
2=

RA25L, 60 AT A% T @A Lol

v

4 THPMA homopolymer®] TGA 7127} Jelvied, 150 T 9
St raes JdEhiA gl 160 T olAel e AR Ee FA Ha
etk AAEel o (a)E 40% ol A7 Bolx, (b (OE 15%
AL et 7HAage] A vEgR @tk o] RE THP-group 9] 87}
9ojr} PTHPMAZF PMAAZ HlHE 2xolm=x (2 M) (b (e

i

thermolysis 8% £ THP-group® deprotection®] €& dojvAY
A8 AW BEU MAAZ A8 7] WE TGA F44 AR
2 7 AaRol A Zrelvt drh 1e]al 230TA A F v Are] fgavh e
=g o] A2 MAAZQ dehydrationel] 2% A& VERWAEE FHeolth

3.1.3 PTHPMA-b-PFOMA $4

Hede Zeolstr €3 A= methanol s

on maldyn. Asield 2% ZFRAY ol Asuiuelre] LT =
S ety $18F THP-group2] deprotections Z & st uth. 24 ¥-2 THPMA o
N 2gA Y thermolysis A7 BAZAT wtA EE FFFHAE U U

22 140C oA AdstActh Aol Ao wel THP-group?] deprotectionofl wh
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Figure 17. 'H NMR spectrum of PTHPMA -b-PFOMA block copolymer

ghA 22 324 o)A COrphobic & THPMA £5 3} MAA £29) A4
ol @Al wetA oldgeaveld SHE 54 stelstgth Fig 16004
PTHPMA b PFOMAS 'H NMR<$ vheh gl

3.2 ol st Ale] 58

3.2.1 cloud point A

FOMA £9& olistgid £ 84S 7FAar SIARE hydrophilic €
PDMAEMA E&& %94 olasgtgtiro = &35 = &7 w&el CO.philic
& FOMA E 23 CO; phobic 3 DMAEMA E22] 25 ulof melr] o]4hst
ghaol e LT 2EbR A guh £ oolaslgas dwtydoez oA
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N, 2UA AHIEA W3 Ha, 2AAGEHAANE ShEe] sty 25
7} wztalw olabsigb Aol 2xe) 8w A7l WEEty] wiEe] R4 HHd
g} cloud pointE Z A8l o] iAdletie] w2 BT E 0T F+ Yt

ol ArgtErA: R Z Al EF FFHAE 025 wtRE ¥, wgriehs
o|Ataler Az AlE £ 30~70 T, 1000~6000 psi Atele] 2%t ¢8& FEst
o} cloud pointE &Astch 21 E3 PDMAEMA-b-PFOMA7#«& 40T, 1850
psi (d= 0.738)¢} 50Tl A= 2300 psi, 60C+ 2810 psiel ©¥& ¢=€a 2% %

Aol A cloud point® A& 4 9=t (table 5) unit ] 647 : 17871 =

Table 5. Cloud point pressures for PDMAEMA-b—PFOMA in CO:

30T | 40T | 50T 60T | 7T
4100° 4400 5000 5200 5400
3400 3900
1850 2300 2810
2200 2500 3000 3500
2300 2900 3500 4200
4400 o000 0400 9600

% pressure { psi )

> block copolymer/COz = 0.25 wt%
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4y, COs phobic®s PDMAEMA E & Rt} CO.-philic 59 Ze|7b 27] w2
of olatagrAdA F2 HixE vtE F Ak z2EY AdHe=
PDMAEMA 5 b-PFOMAs4 % PDMAEMAgsb-PFOM Az E ™9 unit
b 2b7h 27470 0 12570 o 52870 ¢ 497 E A7t ] @Ee oA oE
CO:-phobic & DMAEMAZF %9 =7|7t 2uf, 11w} At 2 ER shellZ

P

o] ¥ FOMA E2lo] core2 9 DMAEMAE® & F83 4% &Ko7 A&
o oldatgtaudA EHEE EAEE, dHHLR

A0C 4400 psi 9 60°C 5200, 5600 psiol A cloud point7}F SA®T. 12 Z
2= 2t cloud pointd) A4S &% Zvio wel AHYsiA Tk
=3l B ) olBle olktggAe] Ag & Frtel wit vt 3
A8=d 40Tl A 1850 psi AS LE(d=0.738)9t 60TlA 2810 psi®] Ei=
(d=0.7137)7F Aol fAg Z=7oln®: olidstetidlAel g &5 T7H
w2 wee] AE 9E A5S e 2T 5 dA"EY, 2HAM ol itEe
Ao A9 cloud point RS &5 ¢ e W3le] @ o]istetse] Sk
2 2% £ 9 F8% 2% otk o]¥A CO:phobic (hydrophilic) ¥

B=ol Zol7t 71 AS water-in-CO2 (W/C) EulE= COz-in-water (C/W)€]

=0 _8___1]:_94, ol Z 7 9l

-

J

microemulsion B4l F8E Her oigdEv $ Fig 184 FA4HA

PDMAEMA-b-PFOMAE® 2 FZ2%49 cloud point 3% ZA37} YEGAT

3.2.2 W/C microemulsion A% 2 nanoparticle 34

F48 B TFTEAE ool BS E447]7] 9l AHEdAR
ARt wie PlelaR AEAs AzAENY 222 melAZq R ol
3 e alelz<] titanium oxideZ FAAFTh A& HOR surfactant® =
PDMAEMAx-b-PFOMA & AHE-8tE T
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Suractant and water > . . Mixing with stirrer for
in High pressure reactor Addition of Carbon Dioxide > 30 min at 2000 psi

Drying at Mixing with stirrer for Addition of dissoving Titenium
105C for 4 b & | mina 4000psi | ieraisopropoxide [TH(OCH)|

Calcinting at S00°C for 3 )t | wipe- T iOz N ﬂnﬂparll'des

w/c microemulsion& 7] &9 water-in-oil (W/0)2 microemulsion ¥ -§-A}3F
MaaA Al&=E e 18v w/o microemulsionoll A= A A ¢l titanium
alkoxied®] o 3 wkgAdo] 735 7] wjiEe] A=) aggregatione®E SHAH S

e Abolze) TiOwE dAA71717F e 90 ¥ COuphilic 3 CO2-phobic

-
g

g
o] B2223 A2 surfactant® ©]£38}9] microemulsions BAA|71H o] 2ks}
& ZARA A F7E 2de]  titanium

2 Hol A surfactant’} & EHAdo
alkoxieds} €9 WS EHEEE = e
et 2l 9] surfactant®] YA A ZAol = Q& Mz ZHo| dojubA] a1 ohA s}
A 2w He2 EA5A "

uhg7jotel =3t surfactant® ¥ I o|gbEetAE HoME

<
5
2 A5A2 F, 08719E surfactant® 8 B3} ol MaThit FUW AL
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2§ TTIPE FAFCRA b whol s 9xE 44/ werl &
g 4000psicl A 30%3 kA2 o Fuld WA fA7L o) phatEaf el

AR A glol g tAEsHA B4tEel Asid. ZE 3 g7 wwts HE

AN 100K Shnm

Figure . 18 TEM micrographs of TiO, particles prepared

in W/C microemulsions. W=5
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& FA ALY vlo]a 2 o
Aol Mg £ AT gt & #HA 23E FOMA 559 7] tailo] o
Asteba WellA RS ARG QA FPaRs yshiy] qEes udd, o

i PFOMA 2E¢] & g3z o 2o nlojal 2a71e] 2go] okslwy

&
wj ol Ao A A7) o] AFEAE vent AW F A/dste] TEM
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=]

o]t Er A E vent A1 w oyt Ak

JAY A4 A7|E 8 nm & ofF

A 7 ARA(fig 18)

3.2.3 PTHPMA-b-PFOMAS &38%= 53
=5 T gAe ol auels &l Aels F4d7] s PTHPMAsq

71 PTHPMA:zg-b-PFOMAs7% & ©]-86}¢

~-b-PFOMA:7 2t thermolysis 2] 7]
=459 PTHPMA-b-PFOMASY =22 ZF

cloud pointE
glo v} thermolysisZt A EEH o] F

2% 277} Lol WEE 2718

THP-group® deprotection®] 23] A2 0512 Aok A2(207) A

hEg WalE F9e u 2000psilE 57 92w

o
z

AL, 4500 psi opdell A £ S A

Table. 6 Phase behavior of PTHPMA-b-PFOMA in CO-

PTHPMAsg-b-PFOMAss. | PMAA2a-b-PFOMAS 5,
insoluble insoluble
milky insoluble
cloudy insoluble
soluble insoluble
soluble insoluble

*# Caculated temperature - 20 T

* block copolymer / CO: : 0.001 wt%
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Fald & A1 3500 psi 7R WEE7] gre] HA HolE cloudy AHI T
3500~2500psi 43 el M= B A uAE dAF2 EaEATh 2 3 2000
psidl A= wEbs FA e Hpeo] &As] AAEHE AES JERG

Thermolysis & PMAA-b-PFOMA ¢ &£3% =4& 3ttt thermolysis ©]
Holli= 4500 psi o] dol A= S EH AR N, termolysis ol Fol = =L 2000 psi
ol A 6500 psi 7h# Zhstetel®E §aiH A @¥gttiable 6). °l& THPMA7}
MAA=Z v A Exsks 2o ZHist
st A =4S HAIE O] o 4hahgRA ol A

ASAAR 2 Fetde AS 4 F 999 & PMAA-b-PFOMA ¢ -8l

AA T 7t unite] Tere] -COOHZ
C

o-phobicdt A do] #A, FE&

& Z4% 44 55 $59A W CO:philicd FOMA EZ0] 90 %E
Aeka ARt oltatgba el A B H A Retz 5000psi o el A milky F
Moz EF TITHATL olasse] &aAHA kRt MAT JAFHE B
chEo] Al 6500 psi 7HA 7hSEE St oo WEvE fES 0 ¥ ¢
A
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4. A8

gl ZEol vlo|% FI UL o]f89 hydrophilicdt DMAEMA £231
COuo-philic®t FOMA(IH,1HZ2H2H) 229 2% FZ3ANE Agdez 43
Ak ®= FE& Bl BEYXE 717 THPMA homopolymergE @43 %
thermolysis 8}9 deprotection 5738 #2159 12, PTHPMA-b-PFOMAE &4
Go] 22 ol THPMASH MAASQ] Hld] g o] 2talgt 4ol e &8t WHal
2 #gsank

&4 5o}z PDMAEMA-b-PFOMA= 'H NMR# GPCE E38t9] dA§ 23
Frh T RAge nRAE AL HAT £ U, BRI X EF

"
12 olgle] & E¥E 1348 ¢ 4 AAJT.  E3 chloroform3} o4 &

=

A7 wlel g ZAH$ A3} FOMA £%°] 2 DMAEMA £8¢] & &5
28] A o= wlold @7l A AP Helrh 2H UL FOMA B2
o] 232 DMAEMA E2o] #& ZH$= chloroformol A= vfeld =77} =17
golglo) Hi Bl &35 A Fstrh mlolde) REZAE Fldty] $lEA
TEME &A% ZAfdMd= FOMA EF°] coreg ©|F32 DMAEMA =%9]
= sphere FE|9 wlojdo] #=A=d, DMAEMA EZeo| A4

Hoz 2 e ddst ezt #edHAdAT, FOMA 2% & A5 =4
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w/c microemulsiong AFE3 F  xAle]l=e Ti0: A AFsad
FOMA 2209 7] tailo] ojAalgbs ol Z2Ea Azt 94 FHdaLsE
ERi 7] wj ol alolaz o E Huel

Z vehf vheabel 2] TiO, A AR HAAd
THPMA ©¥ #&AE o|43la] THP-group? deprotection 542 obr 7|

93 140 Told 2L A3ste] 'H NMRT FT-IRE o] gate] BMe 27 6

I PTHPMA-b- PFOMA 2% T35 3AE §43tdd olatsatioA gale
2 ZA3l3, thermolysis A1Z1 3 THP-group ©] deprotection ¢ PMAA-b-
PFOMA 7} =& o Ztzbe] R3eg FHso vludt 23 PTHPMAse
~b-PFOMA:ss. 20T A 3500 psicll 1= milky 3 A4S 4500 psidl A+ cloudy
sl ar, 4500 psi o1l £&ES #FUstATh 2ot PMAAR WS W
CO:-phobic 3 229 #FztzEe WMoz Tazlevt CO:philicdt FOMA =

ol A7) stE HlEo] 70 %7 HA o, PMAA £F9 F4& 7HA+= -COOH
7} Wil CO:-phobicdt dde] 7 ZFalM |b& 6500 psiZhAl 7hHtsted =
ol italgtrol 83X = ekl

2 Aqe g FIAUS olLsle] BE FETA] FHE ol AWEAA
Z olfsle] olxEleAe &Y Fod $ AZFoR, dow ¢ W
Helol el A7 RaEyeta A"tk
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