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Synthesis and Characterization of Amphiphilic Block Copolymers by

Group Transfer Polymerization

Ha-Soo Hwang

Department of Photographic Science & Information Technology

Graduate School

Pukyong National University

Abstract

Living polymerization techniques such as anionic and group transfer polymerization(GTP)
allow the preparation block of copolymers with narrow molecular weight distribution by
sequential addition of different monomers. Block copolymers containing CO;-Philic
group{polydimethyl siloxane) (PDMS), 1, 1-perfluorooctyl methacrylate(FOMA(1H, 1H)),
1,1,2, 2-perfluorooctyl methacrylate(FOMA(1H, 1H,2H,2H)) and hydrophilic group(2-hydroxyethyl
methacrylate(HEMA)}, methacrylic acid(MAA)) sequences were synthesized by GTP.

PDMS-b-P(TMS-HEMA) was synthesized from 2-trimethylsilyloxyethyl methacrylate{TMS-HEMA) using
silyl Ketene acetal terminated PDMS as macroinitiator.

Polytetrahydropyranyl methacrylate(PTHPMA)-b-PFOMA(1H,1H or 1H,1H,2H,2H) was also synthesized by
GTP with controlled molecular weight. The GTIP was initiated by methyltrimethyl dimethyl Ketene
acetal (MTSDA) with tetrabutylammonium bibenzoate(TBABB) catalyzed system.

Trimethylsilyl groups in the P(TMS-HEMA) block and tetrahydropyranyl{(THP) groups in the PTHPMA
could be selectively deprotected without interfering PDMS and PFOMA block to produce hydroxyl and
carboxyl group, respectively. The PDMS-b-PHEMA and PFOMA-b-PMAA copolymers showed characteristic

behavior as amphiphilic surfactant.
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Polymers

-~

CO;-Philic CO;- Phobic
1.Amorphous fluoropolymers 1.Lipophilic
2.Silicones 2.Hydrophilic

Figure 1. Categorization of polymer solubility in CO-

PFOA backbone

water
swollen
core

Figure 2. Proposed structure of a PFOA-g-PEO graft

copolymer micelle with a water swollen core

in CO;
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Figure 3. Schematic representation of Steric stabilization

mechanisms
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of %7} CFDRU} wrob &3t 728k COg-philice]l FFstA @
t} (Figure 32 (B)9HC) E). &, o|itslgtae] =& Ex (¢H) oA
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Surf. Concentration

Surfactant Surfactant

Log (v)

Prefers liquid prefers CO,

Pressure —p
Temperature —m

<4— pH
<¢— Hydrophilic / CO,-philic Balance(HCB)

Figure 4. Variable formulation of Water/COy/surfactant
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Scheme 1
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Hlo] A 21417191 2-hydroxyethvimethacrvlateE 5203 &9
MEe e E5 3FIAE Aol 7Hsst

aelar T v COz-Philic group ¢! fluorinated methacrylateell t &}
PMMAS$ PFOMA®Y &% SFFAE Sol& o= Ao 7tedt
ol RuHAen 7] v i
Rus Atk w3 GTPE ol &3 PMMAS PFOMAS® &% ¥%

o] Aol Zhedol HaHEdon 553 REIeAE yrtdo]l Fly
o}

GTPE ©]-£3t9 polymethacrylic acid®] AFZ &) A5 = ki)
2 tert-butylmethacrylate, trimethylsilylmethacrylate
2-tetrahydropyranylmethacrylate, benzylmethacrylate %¢] douv R &
GTPxzolM 2ds 7o

3t 9 trimethylsilylmethacrylate® 72 -$¢ ¥$&w7F WE =g & &
Aol nEAE YATEd BAH) U= Row delAd Uk ®
3t trimethylsilyl 2§l A 7l ol d¥Adds EA7 9l
25 @A A7 3ol ofelgm” tert-butylmethacrylate®]

e Y 2EAE bR AE W w2 =M A ke AHokst
A<
22

71 wWEo e EH A%s F vl 28l 1 benzylmethacrylate
o] Af+w Pd/C FvjE o]&ste] stae o oy A Be
o Ao ARE R o) 100% AERAHA G Bae AL 9
=3

20,21,22

olo wralo] THPMA™ ™9 -9 wh& F¢ Hxo gjyygd 18 4
& ZhERs 218 7hA A 2t PTHPMAYE 140°C2] el doj
ojgt bRzt Jhsetd, Abell ojgk sbpREE 7hgsith. PTHPMA
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Tetrahydrofuran(THF)2  calcium hydrideE ol &38| 12} & #/3
t}g, benzophenone, sodium= o] &3&to] A}8-&17] 2 Ao A A o}
2-(Trimethyvlsilyloxy)ethyl methacrylate (TMS-HEMA) (Aldrich)+=
calcium hydrideE A}&3sto] 12} 573 & triethyl aluminiums A&
shol A A3kt Poly (dimethyl siloxane) monomethacrylate (Mn =
10K from Aldrich)& AF&st7] #of a1 3o = 29 &<t Az o
A3t} Ethyl dimethyl silane (United)$} tris (triphenyl phosphine)
rhodium(D)chloride (Wilkinson catalyst)(Aldrich)= 7+93F A ei= 27
glol A3t Methyl  methacrylate(MMA)(Junsei) ¥ calcium
hydrideE AR8-8te} T-73to] ARE-33it.

Methacrylic acid(MAA)(Junset), 3,4 dihydro-2H-pyran(Aldrich),
phenothiazine(Aldrich), sodium hydrogen carbonate, anhydrous sodium
sulfate= dA 2} glo] 2= AR 3]

Tetrahydropyranyl methacrylate(THPMA )= MAA 2}
34-dihydro-2H-pyran®] ol =23} W&o Fajx Axste] AHgA
o basic ¢Fulvt ZHE FHAIZ §F  calcium hydrideE AF8-sto} 3)
S SHste] AREsEiTh

FOMA(1H,1H), FOMA(IH,IH2H,2H)x= 3MA}ol Al A5 F-ste] o5
vlu AEe FAAZ F calcium hydride® Ab-83hed 79t S/l A

&3kt GTP Fvi2 A8 ¥ TBABBw @l 2xs® Wiox ¥
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Aate]  AlgE g GTP macroinitiator?!

silyl  ketene acetal
functional PDMS+= poly (dimethyl siloxane) monomethacrylate® ©F3F
FiFe] ethyl dimethyl silanes AF83Fo] Wilkinson catalyst <2 3tol
A B5Cell A 2A17E & <¢F vhg-atof Al Ekaltt v WEE-9] ethyl dimethyl
silane2 AFo 2 AASACE. GTP WA Al methyl trimethyl silyl
dimethyl ketene acetalMTSDA)< calcium hydride® o] 3o 79} =
ot ARgE R
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2.2.1 PDMS-b-PHEMA &4

WA 7 g (70x10* mole] & Hx¥ 10K macroinitiators 1H-$7)
of ¥tk o7le] 20 mLel THF®t 14 mgel TBABB (At 71A1A¢]
silyl ketene acetal 2F-&7]e] ti3te] 2 mol %)& FAH7] vlEE AHE3)
o F7IHF flel FYEFH 5 BF g g vg 5 g (25%10°

mol)¢] TMS-HEMAZE FAH1& Abgste] s Feigi v &

methanol (2mL)2] 7)ol o)s] A @} Methanol 87} & 30
P FQF Al&Ste] wwkE ¢ oS THF®F methanols SHA1A Al A
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9. ozl F¥AE 50 mLel THFol %<l g, & 2 we

g olo] gafx= X Holl A 2447 EoF &5 3] poly(TMS-HEMA) £

wo
oty
2

f
|

Z 9] ester A7 A dor JlpRaisty VheEaE FEAE F
i Baste] zFog Azxgth vlwrgeo] PDMS macroinitiators

hexaneo. 2 F% A% Fo 64 g PDMS-b-PHEMAS 1%t}
'THNMRZA 248 23} poly(TMS-HEMA) 29| Si-CHj peak (0.07
ppm)e] Abehg < tol 7ol AFgHor JFRaEgs ol
Te]a % '"HNMRZA) PHEMA block®] #7t2Fo] 99 Kolo] A4k
At

& 249 55 FTFEAT Ad AAAA disty HrbeEE
TMS-HEMAS®] ¥Hg-uj & WA 7l o2 A A z=3hsint

ilo
)
g
N
i
ol

o}

222 FOMA9 9% F3A A

i

¥$7] el TBABB 2 mge @3 THF 8 mlg o2 27 3ol
A F9lekt} o] whgolel MTSDA 0012 mlE FA1E o] §3te] #3)

S % o 5RZ mwrath W) uel ool FANAS W SR
FOMA(IH,IH) 2 g $¥o] Fgh olu wgdo] waysin ojae

T
(o

2 Wk 5A1F B9F RESAIZ] & methanol 2 ml 3 7Faho]
10%-7F wwtk A7l g Fo 2 THF % methanolS Al A g AHA =
ARAE FC-113°] %91 ¥ methanolo] FAAA 14 g9 458 ¢

AT Muanr=12K)

2.2.3 PMMA-b-PFOMA®9 A
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w87 ol TBABB 5 mge H& ¥ @2 FAulsg o g8l
THFE 10 ml FY3te} o] wrg7)o) 7fAlA MTSDAE 0.1 ml +93§

Foof 5¥3 WuE F FAE ol §3tel FRHE MMAE A48 F9

FOMA(IH,IHZ2H2H)E FA71E ol &ste] sasow Fjear 147t

ZoF me A It} ¥EEE methanol 2 mlE H7bsle] AA Ew 587 w

i
o
ox
ox,
it
tlo
3
(@]
@
=
[oV]
joni
o,
=2
Mo
2
>,
i
i)
Ay
)
o
ot
o=
o
o
o
R
O
to
rie

o (Mnavr=7K).

2.2.4. PMAA-b-PFOMA<9] %4

27l 4 mgel TBABBE %2 5 2718 FH=glol &vuldd
THF 10 ml& Fd@th o] k7)ol /A AN MTSDAE 1 cc FAH]
£ ol&stal 017 mle] JHAIAE FUT § SE3F RESE 2 ccd

=4

THPMAE #4185 ol gate] AMel Farh ofd wrgedo] vhag

Fdste] 3AF FS WS WSy o] w whgdo] HAstH o
& Hx de FEAS Rolnp MM €& Moz Ao] niyity, vt
$o AR ZEAIZ 2 mlel methanole] H7bel ¢ls] A==}
Methanol #7F% 30% &<b wwke & o F ¥EEUiue THF 9
methanol& A ASL AR FFA] 4 g& 15 mle] THFA =3t} of
WS- 7] Wl 41.25 mle] THF®] 35% HCI 0.715 mlE # 73 &5 4
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oA JhrEElEt o] £9A& hexaned] HAAIA Ao AAHES
methanol 2 2~3%8] AU 213 Az 5 26 gof A4 S P A
AES Addos 48 ¢ AATHMn=28K). 7t AdE 15 mg
S methanol/FC-113((v/v)=1:D)ell o] sz gl A Gor ALE
o] 0.1 Ne| KOH/Methanol &°1o2 %3t #4ste] PMAA %%
PFOMA £ 1& vkl

U7l te nRAE AAA i A WA gl me o

J'[‘"d
o

=

N

A wrekde] ulS 2o e o] Ax T 5 Aok
23 7171 ¥4

Size exclusion chromatography (SEC)w 270¢] Styragel column
(HR5E$} HR4E)ol #ztd WatersAb Alliance GPC 2000 71 7124 &4
stAth. THFE #% SvWl= AR&skar, 1060-182000 ##t2 ¥ 9ol 5%
©] Polystyrenes W AH# AlMFE BF A EE AHESHA

aEzLe]  Fe|Ho)| &%= Perkin ElmerAlb Pyris 13 Seiko  Af
EXTRA R6000& AMg&te] FAsIAT Alss 2 &l 200°0C 744 -2

k=3

stel geow Wad o Bl Ry

stk nEAe] dEs) 5412 Perkin ElmerAl TGA 78 Ab&&to] =
Getsith AE A BA7INA TS0C X BR10CH SE b
sttt

wRAle] 249 A4Es) F&e JNM-ECP 400 (JEOL) 'H NMR
NN A8 3] w4 sk vt IR A E G

Bomem B-100(Canada)Z# A5t £5F FFHA micelle?] &4
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322t (Dynamic Laser Light Scattering, DLS) A& Brookhaven
laser light scattering 717] (Brookhaven Instruments Co.)&E A 8)s}4d
o oAlE 9S8 1g/l ¥ ® AFste] 045pxm HE ] E3A 7 Fo
ArEsElen 24 mVel diode laser2A4] 20°ColAl 659 nm 3o =
detAct FAoR W ® wolAe] AbeEe 907 ZAkolA S o
Brookhaven BI 9000 AT autocorrelatorel 3 % ¢ith. Hydrodynamic
diameter (dy)= 53 ¥ A2 HE Stokes equations o] &35k 7
AP Q1L micelle®] BAIEE 4/ TR GEAAT o714 ps B
o) 22 ¥Rl [ FF 54 AFog

Transmission Electron Microscope(TEM) < JEOL JEM-2010(Japan)

& ol gstel ¥Asa
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3. 4% 4 n&
3.1 Macroinitiator® A=

Scheme 19 ®wg43 o] PDMSe methacryloxy @¥h 2H-87]7}
Wilkinson catalystol] 2]8}o] silyl ketene acetal #87]2 W3u Ao}
PDMS chain end®l A @<l hydrosilation %3 proton NMR}
FT-IRel ¢l3te] 2l ¥ Al Hydrosilation ®E-g-o] e gel] wel [R 2
MNE2 9 1725 cm ‘oA YERG Y carbonyl band’t o-silvlation o ® ¢
3kl 1705 cm ‘2 o] Ea4ith 1740 cm 'l A k3 &4 band’} Ho)E
dl o] R silyl ketene acetal 2H-&7]9] 7hpEEslol ofste] AAdE A=
& carbonylel 7]1Q1EtE Aoz Bl o]AL 'H-NMRe ¥4 A7 5
mole % oldl® #AHE oW PDMS FEEHo & ¥ E£E

protonic #oEo] 7hste] A EE Aow AT
32 %
3.2.1 PDMS b-PHEMA®] 4

GTP <3%L silvl ketene acetal functionalized PDMS (1)9l
TMSOEMAZS wbgAlZI o2 A AFgHor AE vy webr] 2ol
vtgE AT BAE EE7F FL well-definedd 5% TTHAE
g4+ AA.(Scheme 3)

ps

GTPF3%e A#E Table 191 A8t}
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Scheme 3

(|:H3 O CH,
C4H9—<—Si———0~>n—CJHs—O—H—(‘::CHz + EtMe,SiH
CH,
1 2
SiMe,Et
CH, o/
Cat I
_— C4H9—(~Si—0—)n—CJHG—O——C_—_(|3————CH3
CH, ; CH,
CHj3 ﬁ Cat
T~
3 + HC—=—=C——C——0——CH,CH,0SiMe, MeOH
(I:H3 ﬁ THJ CH3
cAHg—fsi-—o%—c,HG—o—c—T—{-gz-—cl:-—)—mH
CH, CH; <|::o
4 OCH,CH,0SiMe,
CH, O  CHs CH;
) hydrolysis C4H9—€S%—0*)“—C3Hs-O—ll—%:_(‘gz_“::'_)ﬁﬁ
) CH,4 CHy c—o0
OCH,CH,0H
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<Table 1> Molecular Weights and Compositions of Block

Copolymers
wt % of PDMS GPC*© o
Block copalymers” charged i Meepomiiar
incorp’ (107) / Mn
PDMSik - 179 1.17 -

PDMS1ok-PHEMA 47k 83 63 205 1.23 0.42
PDMSqox ~-PHEM Agox 77 62 239 1.25 0.47
PDMSok-PHEM Ag ok 69 50 28.1 1.26 0.46

# the molecular weight of PHEMA block is determined by 1HNMR; b welght
fraction of PDMS in the block copolymer by 1HNMR analysis; ¢ polystyrene

standard; ® PDMS in block copolymer / PDMS in feed
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PDMS-b-P(TMS-HEMA)

CHy o CH, CH,

I

C4Hy—t——Si=—0—-CyH—O0—C—C—¢CH,—C—3H !
n

m
c=0
CHy CH; ]
OCH,CHOSMe,
t
I
f
. AN T Y | [ NS
o 740—‘77‘ﬁ**7>6:ﬁ - o 5‘0 ‘0' ) >*-73:0 A 2.0 11n
PDMS-b-PHEMA
CHy ﬁ TNJ Hy
CHy—{—SI—0—J—CoHe—O C——CH;—C—F-H
n | m
—0
CH, CHy
0C H,CH,0H
] AN A
70 60 50 a0 30 20 0

Figure 5. 'HNMR of PDMS-b-P(TMS-HEMA) and
PDMS-b-HEMA
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FE 98 Fol AAES FA A3 HNMR R o)sle]

TMS-HEMA®] T3 o] AY A=zl Aow AU, uepA,

THAE Bol Estd THF &oolx 24430 FF 3F AejghozA

A Holm FegHo g TMS -HEMA £22 714Easlo] HEMA 2%

oz WEdg ¢ Ak Figure 59 7bisl W &5 FFFA} 7t
=

FE= 4 A 2] 'HNMRS E»\]ﬁ}g{c}. ArE 51 A

ok

B3l A DMSO-d.8 gl Alg3le] EA3H 1HNMR 23 E o) A
0.07 ppmel WElHE TMS-HEMA £ %9 trimethyl silyl proton 3] =

b EE glofdl Ao mel wge]l ARAew AWAYSE A2

PAHoz FHE ZIXE PDMS Adl 7iAAle]  ethyl dimethyl
silyloxy end9] =% ZfAIHS 3} =@ AJubg Hro 25te] T B
&l 2% macroinitiator®] #7] AA| gEgo] 7)lshE Aoz Bl
o A JHAIA 282 042 - 047 W92 JeERg . vl ¥29] homo
PDMS AW WA A= &5 T3S 7Frwsieh ol hexanel = of
d W FEFoRX 55 TFFAZEH AAHNY. Figure 60
PDMS Ad] 7jA1A¢} A€ PDMS -b-PHEMA®] GPC 194 %28t
Atk
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Figure 6. GPC trace of PDMS
PDMS-b-PHEMA(@B) copolymer
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<Table 2> Characteristics of PDMS-b6-PHEMA micelles

Ii:\)ﬁ : Block copolymer Solvent® Dl?;nrﬁt)crb POlYil f/;);gsﬂy:

1 PDMSyk-b-PHEMAgek  methanol 776 0.23
2 PDMS 10k -b-PHEM Agox methanol 69.0 0.23
3 PDMSyk-b-PHEMA.7x  methanol 104.2 0.17
4 PDMSiok-b-PHEMAg2x '}Zﬁ}gé‘r‘l‘gl 0 -

5 PDMSox-b-PHEM Ag ok toluene® 1136 0.17
6  PDMSyk-b-PHEMAgux toluene’ 1016 0.19
7  PDMSk-b-PHEMA, 7k toluene® 119.0 0.20

0.1 wt % polymer solution; ® effective diameter at 20°C; © methanol/toluene
= 0.1 7 05 by weight;
¢ a few drops of methanol are added, more drops are necessary for higher

PHEMA block copolvmer.
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PDMS-b-PHEMA &35 &8s 54& AT &5 5%
A ¥ THF, dioxane, DMSO¢ 2 =4 &djol= =3 aromatic,
aliphatic hydrocarbon %9 H|=4] Sujo= =% Uy TTHAE
methanoldl] £8|A171W ¢S FEUE =
#3417} methanolol A micelle® 333t Aol 71<1 8ot
Methanol®] PDMSe| Wl&wjo]iz PHEMA®] 31§
ZAl(core)® PHEMAZ®S| Z A (shelD)Z ¥ micellec] FAHH A5
welth 01 wt% &9 micelle®] F&EAEF2 DLSSAA st 77 -
104 nm HHE veEbdth (Table 2). th#AE ghol 016 - 0.24 HH =

27 eGSO 2 A micellee) A7) BEF FE& A4S o £ Y 99K}

2
2
E
td
]
o
=
w
o

W
(oL
I
)
1o
E
@,
o
o
o
ox
ol
o
32

6.2K PHEMA E% F33dA+= A= 9]
o} 47K #E PHEMA 25 3A9 B 5el s micellesl =717}
Ao S % 5 duh ojdd LI EEAAE A4 v

72 A AE 7HAE micellee] 7HE 2 HFAE o= Aol AU
0

3910 o

. Eigenberg %<& polycaprolactone® poly(ethylene oxide) £% &
3 9] micelle2HEH 2 AAE BRI} AEH, o]AL AdHdor #F
& (2K) PEO E=o] @9 micelle $43F2] hydrophobic-hidrophobic
e R s QS FUhskA EEhe] micelle el o] Aot
= Aow Adusgo oleld AWe =¥ PDMSik-b -PHEMA,x2
Ao x ZHEx o] =9 PDMS FAIZte] 3| gol olzte] FujHeo=
Z micellee] 48 A= Azpdch

Toluene-2 methanol@= w2 PDMSe] dste] 2 &ujo] 1 PHEMA
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of Wt Wgvieltt. FFFA = =53 tolueneo] A3 532 k3
nAEE JAES FAdSHARE o 7)ol methanole ¥ W& FHUlsbd B
opAAA & FEME W ol A2 Hrto]d(reverse micelle) E X o]
H DLSE A o)ste] 1=t Methanolel #7baFo] F7pgtol] ufe}
o] M o Bold o, methanol?] #&o] 01 - 05 HYY j
micelle®] #E% 2] ¢rott) o] W 9lo M= PHEMAS PDMS &% 25
Fujoll g35= Aoz Bltd Methanol®] ¥&ol v ¢ Z7tstw
PDMS AtEe] &8l 8 ZHA4A1A micelleo] thA] HAd 9ot o)A 7 v
g A E o] poly(l,1-diethylsilabutane)-b-PHEMA &% %42 methanol

¥} methanol/toluene &3 &Moo A LElY= FHo] o] Small-angle

4 ]
i)

OH

X-ray scattering (SAXS)WH o2 zALEA T o] FF3HA = methanol
oA 8 2] micelles #4331, methanol/toluene &g viell A= £l
o] E@le we M2 2 REZE2AE A e Heo] FARUY. =
toluene®] ol Z7tetH A micelle-unimer-reversed micelle2 5 &2
# o] dolZ vrehu .

Figure 7°] methanols &wWZ 3] TEMOEZ #HQPs B2 FF8 A 9
micelle AFAS YWEIHATH (A)s PDMSik—b-PHEMAg xS (B)E
PDMSik-b-PHEMA4xE ZHZF YEtlle] 25 73 9] micelles @438}
® micelle®] 7] DLSE Al ehd ghat 42188 o 4 ¢l
Figure 8& PDMSjx-b-PHEMAg«k DSC traceE uvepd Zo|td}
110°C &34 PHEMAS 59| t,2 Rolg do|ide Azt & 3l
28l 3 Figure 9o TGA A ZA#E Ueddoh 50°Coll Al 387t A
Zrwj o 500°C7HAl oF 60%7F wal = 3 o] o] A upe A 409671 700°C 7HA]

2HEe & 5 ok
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Figure 7. TEM images of spherical micelles of
PDMSok-b-PHEMAG62k (A) and PDMSioxk-b-PHEMA47x (B) in
methanol.

_29_



Endo —->

{~---Ex0

T T T T T T T T

40 60 80 100 120 140 160 180 200 220

Temp

Figure 8. DSC curve of PDMSiok-b-HEMAg 9k
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Figure 9. TGA curve of PDMSiok-b-PHEMAy 9k
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3.2.2 PFOMA<9 3A

FOMASl GTPE 4E4om daasivh AxAs dae »z
dtel PAFe) 278 zysgon ol U 2 AAE Table 3
of Aeagth TRV WA ol F AT T AT HNMR
S BAA Ue & U ARES ZASAR o A BAFe) 27

4855 Higo]l Pgass AL A ¥ 4 AU PFOMA %3

28 T8 20 vkadlyg dpel] 97l A AAES @0T
Sl ©x wkg A4do] fRBlon EgdiAe ANTE #EAT 4
Atk olulg dde Adwetrl s vE&w gaE AQkE i ol
FOMA ©&Alet THFe F&v) &3 dolny) 98 THFY FOMA
o ¥lE vigetA NMFAA PFOMAMnae=50K)"e] §358 H2E
skl Table 4ol eIt FOMA @A)l disiAi= o5 Zo &4
= et o] THFE MAs] Fd7beked et de F&4& H
e oRAE ol ol micellee] 4R W dehbis @aeld)
FOMASE THF ©] #3u]7} 510] 5%1< o
H9e W ool AAegd. ojzew
4974 ool FOMA ©#A= THFel 2 3= dejolxwt F3to]
Aol apAe] gxgol S7hgel weh THF o] e gai=rt 7
b A8 G484 "ok shAw FOMA® e ekae] o] THF

o
Ol
N
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Table 3 . Group transfer polymerization of fluorooctyl

methacrylates
Ext P A Mn . .
Monomer | Initiator® | Cat - — Conversion
Monomer Calcd | Obsd®
(mmol) | (mmob) | (mg) N _.{ (9%)
no. (x10™) | (x10°)
i FOMA(1H,11) 4.273 0.36 4 25 2.8 100
2 FOMA(IH,1H) 4.273 0.27 3 34 3.5 98
3 FOMA(1H,1H) 4.273 0.18 2 5 5.3 96
4 FOMA(1H,1H) 4.273 0.14 2 14 12 90
5 | FOMA(IH1H2H2H) | 4629 0.18 2 11 95 9%

*methyl trimethylsilyl dimethy] ketene acetal; bTetrabuthylammoniumbibenzoate;

¢ Determined by 'HNMR

Table 4. Cosolvent effect test of PFOMA(Mn=50K)

FOMA FOMA : , S
STHEGA) | mones: 1/1 2 | 14 | /5 | 2/15 | THF
Solubility S $ s s M IS | I8

S=soluble, M=Milky, I-S=insoluble

* micelle

_32_




Well ol EAE Aol vbg Foll A== Ao e T80 &

e YEhlo]l A7 AAdE stet A A7) 7kA) S o)

s £54S Y & QA EaFY) el RAwto] Zrbaten wg
& 0. A% FOMAS®) d@-&ol F7hghol wel olelg 340
245 99 PROMAS] £xefo] 2 A9ol: 25 1422 24
A Hol EAFe) F717k olel A HE Aol Table 3004 ui

vhe} o] PROMAS] ¥atae] F7h3ol wel weale] #sgo] A4

d gasts Ae #Ad £ o EBage A

o
rio

'HNMR(FC-113/CDCls(v/v)=3:1)ell e proton 3] el A 7| A4 2] &
d¥lzel PFOMA® S48 39 HAEAE 4% vuste Ex38 24
Atk PFOMASl @ F& ol g 'HNMRS Figure 100 ehul
olth. Figure 109 (Aol 423ppmelA Yeds 33 FOMAS
ether ol = WE A protone] 54 3l=olm 36ppmol] A LjEbLp=
A3 (b)i= WA ] ¥ E proton®] I = e]v] 28ppmol A UElE 93
(c)== PFOMA(IH,IH2H,2H) (CHy-Rfe)el SA ulziolth. H = (d), (e),
()= PFOMA®| 3 %39 proton 3| Zolc) drafael Al ale] v &
Z4dsto] FOMA® #A%& 243 4 A3 Fluorine side chain
e &l 5 THFWA A PFOMAS #3:=2 A8tr)zd %ol GTP7}

Aol ool o} JEL FA v QAL & 5 Yach

oé.i

o

1o

3.2.3 PMMA-b-PFOMA?$] A

GTPoll AH&H = <) ob=2g Ade dakael MMAS FOMAS

=]
8%

okl

T ¢HA= MTSDAE MM A AbE-8 31 TBABBE wg vz

gl B oRSAE sAgor FAgowd drden Ao
™ Table 59 7 A& Yeblledo}. Figure 109 PMMA-b-PFOMA ]
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'HNMRS  dehdgieon o2  Edz  FOMA(IHIH2H2H)%
FOMA(IH,1H)2] 7% =% MMA¢Y &=

FEWN WAl e

L=

o 4 AR PMMA<9 PFOMA

iz

= FEgAe proton NMRS
FC-119} CDCLel &8l (v/v=41)F At&ate] %459 PMMASH
PFOMASl B= FF A9 'HNMRe #AS A proton 327}
PMMAS®] slzie] 23 1 3718 ¢ 4 §lo] PMMAS Expgke] A7)
of sl PFOMA®] ¥ & F3to] ¥ ap#s AA s
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Table 5. Synthesis of PMMA-b-PFOMA copolymer

Exp.

Monomer

Initiator®

Cat®

Mn Of block copolymer

c ield(%)
no. (mmol) D 1 (m Calcd obsd yie

(mmol) }(ma) | 47 (x10°%)

1 1.MMA(20) 057 s 7 7 %
2. FOMA(TH.1H,2H,2H) (6.6) ’ (3.5) (3.5)

. 1.MMA(20) 0 7 7 9

57 5

2. FOMA(TH.1H) (6.6) (3.5) (3.5)

*methyl trimethylsilyl dimethy! ketene acetal;

b . . .
Tetrabuthvlammoniumbibenzoate;

‘Determined by 'HNMR

The values in parenthesis indicate the Mn’ s of starting polymers
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Figure 10. '"HNMR of PFOMA homopolymer

PMMA -b-PFOMA copolymer
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Scheme 4

CH, . .
TH} H3(,\ /os|((,H3)3
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S |
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1 2 3
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3.2.4 PMAA-b-PFOMA 9] %A

Sheme 4 2] WFg2 2} 2ro] sfAIA Z MTSDAZ, ¥-¢ Zul=Z TBABB
5 Abgsta R AR THPMAE AR&3ke] PTHPMA®C homopolymer
S Azskid. PTHPMAS £ 9 www] A882 'HNMR 4
GPCE SaA &<stlar 100%2 Ae&3  whiate] F3A7F QA
2|32 PTHPMA® w4 F347F 44" 5 FOMA
13t PTHPMA-b-PFOMA® &% 233

praxe)
T
E ATHOR YA 5 AL BF 2R AN B4 233

i)
i}

I
i)
O
O['
_'_,
_E
LI

FC-1137 CDCls9l &8 )2 Abg3te] 7h 8] ol 'HNMRE &7

3t 31 Figure 129 Acetone-ds =¥ MeOD di& FC 1139) thdl &
) 2 Abg8le] JhRial o] %o 'HNMR-S uelidch 1 2t 4.0ppm,
6.0ppmell A WEb = THP 159 54 w27t spRs)so] Alepa o
24 100%° 7teEdvt Ao AP s ERE o

F 4" 5 TTdA dalAe siszgdda MeOH/KOH 0.1N

GTP% ©|&% PTHPMAS} PFOMA®S 22 TEHAE Table 6 o}
EFli itk Table 69141 Al Al9] F3} chabae] okg -0z 2
she Aol FAlel Aol s de B S glo.

THPMA= Fde] zalge upe} Bxpgo] zhe 212 olibe] wistyl 7
o] gloh Fxpo] 10K o]de] =iz e ool ozt TEAE A

Fol itk Zre]ar PTHPMAS] #xt#o] F42 vo yieldst ¢shs=
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Table 6. Synthesis of PMAA-b-PFOMA copolymer by GTP

Block 1 S;EES.PV Diblock Mn
block copolymers Es Q._ ES OMb g as th NKS caled’ Ratio yield of after
& bl 3 -3 THPMA hydrolysis
(x107) (107 ! Mn (x107)  (x107) IPEOM A (/g 4 ﬁoﬂ
PTHPMA
-b- 2 - - 12 12 1/5 0 1
PROMAUN IH .l 2l ) o e
PTHPMA
-b- 2.9 2.8 112 10 126 1/3.5 87 112
PROMAGHMHZHE) T T ot
PTHPMA
~b- 2 24 118 4 42 2/1 % 2.8
S . USSR
PTHPMA
-b- 15 20 1.08 25 22 10/1 80 12
A LA 0 USSR
PTHPMA
-b- 4 42 112 7.5 10 1/1 0 7.5
L PROM AL L) e
PTHPMA
-b- 10 157 111 182 16,7 16/1 88 8.8
PFOMA(1H,1H)

® Calculated by the ratios of the monomers to the initiator
® As determined by GPC (calibrated with polystylene standards)
© As determined by 'HNMR SpeCtroscopy

* PMAA-b-PFOMA
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Figure 12. '"HNMR of PMAA-b-PFOMA(1H,1H,2H,2H)
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A A27]2] PFOMA £5& 957 olgl® 28 2 & Ak A4
g =5 FFEAd g8 methanol Well 9] micelles & A3 o)
el B8 FERAsE PMAA 229 2V 2835 @z o)
PMAA®S  ZE&wiQl  methanol Wolld AL  #HAac)
PMAA:1 4 ~-b-PFOMA | ik, PMAA785xk-b-PFOM A osk,
PMAAwxk b-PFOMAx &F & A e 7% Methanol WollM @& F2u
S YERR e, PMAA;«b-PFOMA, i, PMAAk b-PFOMA k= 4
% FC-11391 4= micelleS & A&}

%1 HHdEo] e Y methanolS 2~3 Mg WolZ o2 M micelles
Hdstdon] o2 DLS® BAstel 1 ZA3E Table 7o el
Table 79] 1, 2, 3312 methanolo] €& %= PMAA 230] shell@ £
H A %= PFOMA B o] coreZ © 7+ micclleS #A3sba, 499
AT 4% E50] LF FE= FASZ 9% unimerz & 3to] 7]
7F YERA] @tk Ed 5 62 FC-1139] £3]5 = PFOMAZE o]
shell & PMAAE % o] cored ©|F°} micelles 44 3tc},

Figure 139 TEMS=® #3 micelle®] Azl& Yehleon (A)x=
methanoldl] 4 A E PMAA;4-b-PFOMA(1H,1H,2H,2H), k2] micclle
ol ™ A A Wb 1ol methanol @] H1-8-uf 4 <1
PFOMA(IHIH2H2H) 7} core™ ol 1 9l Aoln HlZHE] chell
& PMAAc°lth =ZL7]+ #Alv= 50nm*tE A= 150nmell o]l2un F2
100nm 572 & micelles ol F= 2& 3T} o] DLS =4
of sl vrhd ghat fAbe 2718 el Zloly] PMAA B 29 7
°|7} PFOMAS®] Zolell u]ste] F483] 2# %8o] crew-cut micelle?]

HE 2 LbER = Ao o)
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<Table 7> Characteristics of PMAA-5-PFOMA micelles

Exp Diarneter” Poly

. Block copolymer Solvent® 1c(1me €1 dispersity;
No. (nm) wo/I?

1 PMAA;4k-b-PFOMA(IH,1H2H,2H) 14k methanol 121.0 0.24

2 PMAA7sxk—b-PFOMA (1H,1H)ossk methanol 42.0 0.176

3 PMAA;k-b-PFOMA(1H,1H2H,2H)>x  methanol 446 0.122

4 PMAALa-b-PFOMA(IHIH2H2H) 1 Tethanol g -

5 PMAA«b-PFOMAUHI1H2H2H); s FC-113* 1270 0.135

6 PMAAik-b-PFOMAUH1I2H2H)0xk ~ FC-113"  130.0 0.129

0.1 wt % polymer solution;

= 0.1 7 05 by weight;

b

effective diameter at 20°C; © methanol/FC-113

“a few drops of methanol are added, more drops are necessary for higher

PMAA block copolymer.
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Figure 13. TEM 1mages of spherical micelles of
PMAA ;4 -b-PFOMA(1H,1H,2H,2H) 4k (A)

and PMAAok-b-PFOMA(1H,1H,2H,2H)>k (B) in methanol
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ofell ¥kt PMAAok-b-PFOMAQH,1H2H 2H)»x 2 micelleg 1}l
= Figure 139 BollA & 10-20nm9 o} il i+ U3 micelled 2 4=
itk PMAA &%5° Zo|7} PFOMA®] tha] Az o
o) B ge WA 4AH e gaug F¥3 Jrhlr) witelg®
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EFU 2T}
160°Col M Algbslof  180°C7HAl Bl 215%e] Awke] Zhae
THPMA £ 9] dihydropyran Y-io] do 9ls] 714535150 PMAA
o} el HEAAUA el ga FA )8 230°CHl A o}F Abe
A 27 ®elsdl o3& PMAAS®] dehydrationell 28 Zelty o]
T 400°CHE vEbvbE didre] A zhas PFOMAC] 9]8k Zlo)n]
°]== PFOMA © F3ae] TGAR st rh.

EE IR

rm
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Figure 14. TGA curve of PTHPMA b-PFOMA
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Silyl ketene acetal terminated PDMSS At A A2 ALk 7)

ol FHowA LA B¢ PHEMA E231 3 o]atslersr B

i methanol/toluene E§Hg Mo M= toluene®] AR o] Z7}3tel] ulgt

unimero] A & vloldlz wEZz 2 A7}t WH3lely

FOMA®Y &4 FJAE GTPE ol&ste] Alxstdon] M At g
Aol g xdstel dste ¥AF A7 THAE AxT 5 AU
4 &l gl e} PFOMA”} FOMASt THF®| &&v| aaz

o Ax LadES HAA Ao

%% fluoro side chain> GTP7F Dl goll glof ol &l d3ke Fx &
tov] oz Gajme] AsintS 7hx & WeolArh

GTPE ol83te] MMAE 3 w¥A oAz Ab§sa Fadoen
FOMAE F+93t9d PMMA-b-PFOMAE A& o g ZFgad 4 9ot
PTHPMAS%} PFOMA®S &% AL GTP:

ge)
il
e
oo
Ol
o
£
ol
o
o

=
acid  hydrolysisel 98]  THP groupel 100% 7} &5 o
PMAA-b-PFOMA 3T HAE AT o= AxT 5 Adig. A48 £
% &% %A= methanol WollA PMAA £ 50] shellS PFOMA &%
cores ©|F+ micelled AA3HH, FC-113/methanol Well 4 FC-113¢]
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