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Synthesi s and Characterization of Gopol yners Containing kyethyl ene
and Perfluoroal kyl Methacryl ate Bl ocks by ATRP.

M n- Young Lee

departnent of photographic science and infornation technol ogy,
Pukyong National University

Abstract

Anphi philic bl ock copol yners conposed of poly(ethyl ene oxide) (PEO) block as hydrophilic
and pol y(1H 1H perfl uoroocthyl nethacrylate) (1H 1HPFQW) or pal y(1H, 1H 2H, 2H perf | uor ooct hyl
nethacrylate) (1H 1H2H2HPFOMN) block as QO-philic were synthesized by atonmic transfer radical
pol yneri zati on (ATRP) using PEO nacroinitiators.

The nacroinitioators were prepared by esterification of nethoxy polyethyl ene oxide (MPEO)
2000, MPEO 5000, and PEO 2000 with 2-chloropropionyl chloride. The pol ynerization was carried

out in a mxed solvent of TFT and benzene at 130 C under condition for ATRP using the copper

coordination conpl ex Qud/bipyridine. Both the nacroinitiator and the bl ock copolynmer were
identified by "HNVR and G°C.

Senilogarithinmc plots of nononer conversion vs tine were nearly linear during the whole
course of the pol ynerization. Measured nononer conversion and nol ecul ar weight distribution by
time at the process confirmed ATRP as living polynerization. Thus the structure of the

copolyners, the size of the blocks, and the conposition were varied by changing the nononer
and the ratio of nononer to nacroinitiator.

The nicel | es and nophol ogy characteristics in sol vent were characterized by DS and TEM

It was also illustrated that the property of the PEOb-PFOMA in GO depends on the ratio of

hydrophilic and GQ2-philic block I ength.
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Fig. 1 l[157 18]

| Controlled / Living Polymerization |

Dimension: DP, = A[M}/[1],, Polydispersity: 1.0 <M,/M, < 1.5

[ 1
Topology Composition Functionalization
Lol 0000000000 X

lin
- homopolymer end-functional polymer
COCCOAAAI
X X
block copolymer telechelic polymer
star
ACCACIIICO Q
I I I | I I random copolymer - .
chdi sit=-spedific
functional polymer
M
macromonomer
network graft copolymer v X
AAACAACOICCO }E
M tapered / gradient X X
S Y::m:ﬂd copolymer multifunctional

Fig. 1 A schematic representation of how new polymers and materials can be

prepared from a few monomers using controlled living polymerizations.
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Pi—X + ¥ - — Pp* + X—Y

Scheme 1. General mechanism of living radical polymerization.

scheme 1
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Initiation :

R—M—X + Mt“
Propagation :

R—M—X + M,]

Termination :

R=My + R—M,s

1- phenylethyl chloride

Ka
P — R+ + KM,"‘H
Ky
K;
—— R—M « + X 4]
- R—Mn-* +}I(|'I|"|."""l
—_— R—M

n*m

Scheme 2. Polymerization mechanism of ATRP.

2-2-5.

ATRP
monomer polymer

bulk ,
bulk
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2-3.

CO:-philic CO:-phobic
. CO:-philic CO:-phobic hydrophilic
w/C
, CO:z-soluble
CO:-philic
(critical flocculation density, CFD) C
CFD Fig. 2
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CFD
Fig. 3 "fish" plot
l[35'36] 1 1
(hydrophilic/ CO- philic balance, HCB)
, hydrophilic HCB
CIw :
HCB CO: w/C

balance state ,

hydrophilic CO:- soluble
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Fig. 2 Effect steric stabilization versus density of supercritical CO..

T
Stability
Diroplet sze

=— Hydrophilic/COZ-philic balance —

Fig. 3 Schematic representation of the effect of formulation
variables in the phase behavior of ternary system,

water / CO: / nonionic surfactant.
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2-4.

CO:-philic CO:- phobic
CO:-philic
(10- 15 mN/m)
1H,1H - perfluorooctyl methacrylate (1H,1H-FOMA) 1H,1H,2H ,2H - perfluoroocty|
methacrylate (1H,1H 2H,2H-FOMA) . CO:- phobic
hydrophilic  polyethylene oxide (PEO)

ethylene oxide perfluorooctyl methacrylate amphiphilic
surfactant
ATRP
hydrophilic ~ CO:- philic CO:
Fig. 4 ;

- 21 -



diblock ,
Ww/C C/W microimulsion

H TH3
|
'I:H.v;—{—fil—EH;-—::H7 ; o— G—T CH- T_)’"_
CHa TZG
PEC-b-PMMA O—CHy

CH

T -
CH3+0-—CH2—CH2 — C—G—{—CHQ—C_}_

l:HJ _‘3
PEO-b-P{1H,1H-FOMA} G—GH2+ﬁFﬂ;CF:
c- H GH3
—{—O—GHn—CHn—}-—O— —¢|: CH,
G|H3 ='3

PEC-b-P{1H,1H2H ZH-FOMA)  O—CH:—CH~-CFr)—CF,

Fig. 4 Synthesis of block copolymers via ATRP.
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3-1.

2- chloropropionyl chloride (CPC, 97%, from Aldrich)

30 . , CPC
flask ice , CPC
Trietylamine (TEA, 995%, from Aldrich) p-toluenesulfonyl chloride
1 amine 2 amine 3 amin ,
CaH- . TEA

4- (Dimethylamino)pyridine (DMAP, 99%, from Aldrich) 40 toluene

0 12 , filter
toluene 24
Methylene dichloride (CH:Cl:) CaH: 1
. Methoxy polyethylene glycol (MPEO, from Sigma) 2000
(2K) , toluene azeotropic distillation
, 5000 (5K) 24

1H,1H - perfluorooctyl methacrylate (1H,1H-FOMA) 1H,1H ,2H ,2H - perfluoroocty!|

methacrylate (1H,1H,2H,2H-FOMA) Al:0s (Aldrich, neutral, Brockman I,
Standard Grade, ca. 150mesh, 58 ) (inhibitor)
CaH-
Trifluorotoluene (TFT) benzene  CaH: , CuCl (99.999+%,

from Aldrich), 22-bipyridine (bipy), 1,12-trichlorotrifluoroethane (FC- 113,

99.8+%, from Aldrich), ether, ethanol, chloroform
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3-2. PEG macroinitiators

Figure 5 (left) condenser three-neck round-bottom flask
magnetic stirrer dropping funnel
gas inlet/ gas outlet N> gas 30

Fig. 5 Extrimental measurements for synthesis of macroinitiator (left)
and PEO-b-P(1H,IH-FOMA) diblock copolymer (right).
A : magnetic stirrer, B : dropping funnel, C : condenser,

D : glass chock, E : temperature measurements, F : hitter
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5000 methoxy-PEO 15g (3.0mmoal) , flask
CH:Cl 10mL DMAP 05529 (45mmol) TEA 042mL (3.0mmol)
. DMAP TEA flask 0
CH:Cl. 10mL CPC 0.72mL (75mmol)
MPEO , yellow
CH:Cl. 60mL MPEO 15g (3mmol) dropping funnel
1 dropwise
18
; . 18
filter , cold diethyl ether
MPEO-CI ethanol
12 (macroinitiators)
filter , cold ether

3-3. MPEO macroinitiator FOMA ATRP
PEO-b-PFOMA  diblock TFT cosolvent
5000 MPEO-CI , 100mL round flask 39
(060mmol)  CuCl 0.06g (0.6mmoal), bipy 0.28g (1.8 mmoal) 2
: (3x)
TFT (50:50 ) 7mL 1H,JH-FOMA (Fw=468) 4.2g
(9.0mmal) , 30 bubbling 130

, homo FOMA polymer

monomer cold ether

PEO macroinitiator FOMA monomer
FOMA

, 24 3

PEO macroinitiator
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2 fluorinated solvent (FC-5080) FOMA
homopolymer
chloroform FC -113 (14 ) , Al20s
, 24
CDCl:  FC-113 (14 ) 'H-NMR block length
. (PEO : M.=5000, 87%, PFOMA : M.=7500, 93%).

3-4. MPEO macroinitiator MM A ATRP

PEO-b-PMMA diblock solvent

20000 MPEO-CI , 100mL round flask
04g (0.20mmol) CuCl 0.02g (0.2mmol), bipy 0.094g (0.6 mmol)

2 : (3x)
2mL  MMA (Fw=100) 2g (20mmol) , 30
bubbling 130
S :
PEO-b-PFOMA ether
chloroform  FC-113 THF
, Al20s
Block length  CDCls 'H-NMR . (PEO : M.=2000,

PMMA : M.=11000, 90%)

3-5.

HP 1100 series GPC
polymer standards service clumns (guard, 100 , 1000 , 100000 ) isocratic

pump(HP- G1310A) HP-1047A RI detector . 25
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THF(1 /min) polystyrene standard (M. 1300, 7000, 20650, 29000, 214500,
320000, 594340) calibration curve . inj ection
volume 100 , 0.1 wt%

Mn) monomer conversion

JNM-ECP 400 (JEOL) 'H-NMR , FC- 113
CDCl: 4 :1
IR BOMEN B-100 (Canada) michelson series FT-IR
spectrometer . Spectral range 4000 400 o ,
transmittance 10 scanes
PEO-b-PFOMA micelles Dynamic laser light scattering (DLS)
, Brookhaven laser light scattering (Brookhaven Instruments Co.)
0.1 wt% 045 filter
, 24 mV  diode laser 25 659 nm
90° Brookhaven BI
9000 AT autocorrelator . Hydrodynamic diameter (dn)
Stokes equation , A
M2 2 I
l[43'44]
Transmission electron micrograph (TEM)  Hitachi H- 7500
80 keV . micelles film

, FC-113 CHCls (4:1 ) 01 wt%

Kimwipers carbon copper grid

( CHCl:) 0.1 wt%

stain , fluorinate

dark regions o)
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2K 5K methoxy PEO CPC

(MPEO-CI)
, IH,1H-FOMA, 1H,1H 2H 2H-FOMA MMA
alkyl methacrylate ,
scheme. 3
T
TEA, DMAR
—CH, ; + — — =
I cH_—:H,—:)H—OH CHg—Cl- c—Cl g
Cl
(1} (2}
0 H CH 4
” | | Cull, bipy
CH,—{—O—CHg—CH;—}TO—E—D—CHl + CH;=—C
Cl =0
() i) .:l,
l
r\:H:—{r~c:F3—}|“—::F3
o H THﬁ
GHU—(—O—CH;—CHI—}—D—!—{L—(—CH}—T H—CJ (5}
clm T:':'
o
tlle—{-CFj—}&—CFa

Scheme. 3 Synthesys of macroinitiator and PEO-b-P(1H,1H-FOMA) diblock copolymer.
(1) : methoxy PEO, (2) : CPC, (3) : macroinitiator, (4) : 1H,1H-FOMA,

(5) : PEO-b-P(1H,1H-FOMA) diblock copolymer.
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MPEO-Cl macroinitiator Cl CucCl
macroinitiator
macroinitiator monomer ,

monomer

chin transfer

ATRP Cl monomer

monomer monomer
Cl

atom transfer radical polymerization

[19- 25]

, ATRP
macroinitiator MPEO-Cl Methoxy-PEO (1) O CH:Cl.
CPC (2) PEO-CI . PEO CPC
HCI
HCI TEA DMAP . 18
macroinitiator (3) . PEO-CI
macroinitiator Methoxy-PEO  OH peak , Fig. 6
FT-IR PEO-CI 3500 OH peak
macroinitiator
PEO 2K 5K , scheme. 3 (1) PEO
(O- CH2- CHz) 44 , 2000 n 45 ,
5000 n 113
macroinitiator CuCl  Dbipyridine , TFT (50
: 50) cosolvent 1H,1H-FOMA (or 1H,1H 2H,2H-FOMA) ATRP
PEO-b-P(1H,1H-FOMA) (or PEO-b-1H,1H,2H 2H-FOMA) . (scheme.
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3 (6)) FOMA block good solvent FC-113
, TFT
cosolvent

TFT (50:50)

130

condenser

M(W |
AN

e —

N
)
CHy - 0—CHyCHy0— &—E—CH;
|
U

4000 3484 1000

Fig. 6 FT-IR of macroinitiator (PEO-Cl) and MPEO.
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4-2. Macroinitiator

Macroinitiator ~ FOMA CDCls FC-113
14 ) 'H NMR . CDCl:  FC-113 12
15 CDCls PEO signa
15 FC-113 PFOMA  signa
‘H NMR , sample
. Fig. 7 PEO
peak (a) 34 38 ppm , PFOMA peak (d)
45 ppm NMR signal intensity

i
CHa0~(CH2CHz0}n~CH2CHz OCCH{CIGH3
a b C d a
4] a a
dec
M L
CHa
K+
cn;n-{cn:cn:dh-mu:-ﬁ:ln-
n 2 {|:=U a c
OCH2CAF s
o
d
b
A A,
&0 B a0 EN 10 £l 6 10 5

Fig. 7 'H-NMR spectrum of macroinitiator (PEO-Cl) and PEO-b-P (1H,1H-FOMA)
diblock copolymer in the mixture of FC- 113 and CDCls (4:1) as a solvent.
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4-3. PEO-b-PFOMA monomer conversion.
Methoxy PEO FOMA monomer ATRP Fig. 8
55 6.5 ppm monomer signal
4.3 ppm PFOMA signal
monomner conversion monomer
PEO-b-PFOMA 5
monomer conversion 90% , 12 99.9%
monomer conversion ATRP
living
ATRP CuCl  2,2-bipyridy!l :
monomer CuCl2
monomer
activation- addition- deactivation
cycle chain-growth polymerization ( )

deactivation

100%
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CHs "|:H=
H2C=I‘|L —CH— & I,
| I
=0 T=C'
7 i
c
M oy rver PFOMA
1hr &> & .

PED
3hr no ;
|| &
- . . IJL_l . Jlkm i
PEQ
5hr e
a a b
C
PEO
12hr .
'r'n o an o . 2n h

Fig. 8 ‘H-NMR spectrum monomer conversion by time of PEO-b-P (1H,lH-FOMA)
diblock copolymer in the mixture of FC-113 and CDCls (4:1) as a solvent.
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4-4. PEO-b-PMMA PEO-b-PFOMA

PEO-b-PFOMA
MPEO-CI MMA ATRP

GPC
GPC
FOMA MMA
PMMA PEO-b-PFOMA
PEO-b-PMMA table 1 (entry 1)
90% , Kinetic plot
ATRP living

MMA, 1H,1H-FOMA, 1H,1H2H 2H-FOMA
kinetic plot Fig. 9

kinetic plot

monomer conversion

PEO-b-PFOMA

PEO- b-

monomer

ATRP

3
—— PECA-b-FMMAR D
35 —B— PEDA-b-PTH FOMAN K
—k— PECS—b-PUH2H FOMA)2K
- 2
=
=
2 15
=
—_
£ ¥
05
0
o z 3 4
Time (hr)

Fig. 9 Kinetic plot for ATRP of FOMA and MMA using PEO as macroinitiator.
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Table 1. Detailed experimental conditions and results from block copolymerizations

performed using ATRP methods at 80

HES(© time | monomer
entry M. [ monomer MY 1] () conv.(%) M.*
(mmol)
1 2* 0.1 MMA’® 200 5 90 20,000
2 2k 0.1 1H-FOMA 43 6 90 20,000
3 2k 0.1 1H,2H- FOMA 46 5 75 20,000
4 2k 0.75 1H-FOMA 28 6 85 7,000
5 2k 05 1H-FOMA 34 7 50 43,000
6 2k 0.1 1H-FOMA 64 6 70 70,000
7 2k 03 1H-FOMA 43 7 75 140,000
8 5k 06 1H-FOMA 25 5 55 2,000
9 5k 04 1H-FOMA 214 5 50 30,000
10 5k 04 1H-FOMA 16 5 67 50,000
11 5k 0.2 1H,2H- FOMA 23 7 60 5,000
12 5k 0.2 1H,2H- FOMA 347 5 75 30,000
13 5k 0.2 1H2H- FOMA 50 7 77 40,000
14 5k 0.05 1H,2H- FOMA 185 7 75 60,000

*: macroinitiator (Mn=2000), °: macroinitiator (Mn=5000), °: efficiency of macrainitiator, °: benzene of solvent,
°: Mn of PFOMA block determined by ‘H-NMR, solvent: TFT +benzene, [CuC]/ [I]=1, [bipy)/ [1]=3.

2K 5K macroinitiator  1H,1H-FOMA (or 1H,1H,2H,2H-FOMA)

80 5 7
, table 1. entry 9 , 5K
PEO 1g (0.2mmol) 1H2H-FOMA (FW:432) 3g (7mmol)
5K - b- 15K copolymers , PEO
5k-b-PFOMA 30k . entry 1 4
2K PEO copolymers
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4-5. M acroinitiator PEO-b-PMMA GPC traces

GPC ,
PFOMA block GPC
PEO-b-PMMA GPC . Fig. 9 PEO-b-
PMMA PEO-b-PFOMA
PMMA polydispersity PFOMA

b
{ ] y
d y
/f 2
3.80 6.88 9.09 12.08 1588 10,80 21.88 2408

ATF (mini

Fig. 10 GPC traces of PEO macroinitiator and corresponding PEO-b- PMMA copolymers.

a: macroinitiators [PD1=1.20], b: 80 , benzene [PDI=180], c: 80 , THF [PDI=1.34],
d: 130 , benzene [PDI=1.23], e: 130 , benzene, CuCl. [PDI=1.14]

Fig. 10 macroinitiator (a) shift unimodal

80

benzene THF
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bipyridine . 130

copolymers
deactivation CuCl.
a6-s4 GPC 80
living character , 130
living character
4-6. 130 PEO-b-PFOMA
80
130 GPC
130 MY/ [1] ATRP
table 2
80 monomer
, 68%
entryl, 2, 3 M N
, kinetic plot figure 11
PEO-CI 1H,1H 2H 2H-FOM A 2K -b- 20K,
2K - b-50K , 2K - b- 100K M/ 1] 46, 116, 232
kinetic plot ,
monomer
monomer
MY/ 1]
50 5 100, 200 15 20
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Table 2. Detailed experimental conditions and results from block copolymerizations

performed using ATRP methods at 130

HECac temp | time | monomer . solvent d
entry M. I monomer | [M]/[I] ()| ) | conv.(%) lest ml) Mn
(mmoal)
1 |2K*| 01 |IH2H-FOMA| 46 130 4 85 - benzenew/ TFT ) | 20,000
2 |2k| 005 |H2H-FOMA | 116 | 130 | 15 9 - | benzeneus/ TFT aa | 50,000
3 | 2K| 0025 |1H2H-FOMA | 232 | 130 | 20 9 - | benzeneus/ TFT 3 |100,000
4 |5K"| 04 1H-FOMA 8 130 3 91 70 | benzeneurn/ TFT ax | 4,500
5 | 5K 06 1H-FOMA 15 130 5 93 87 | benzeneesy/ TFT es) | 7,500
6 | 5K 06 1H-FOMA 22 130 4 85 68 | benzeneus/ TFT us) | 12,500
7 | 5K | 0.08 1H-FOMA 64 130 8 9 70 | benzeneus/ TFT a4 | 45,000

*: macroinitiator (Mn=2000), ": macroinitiator (Mn=5000), °: efficiency of macroinitiator,
‘: Mn of PFOMA block determined by ‘H-NMR, [CuC]/[I]=1, [bipy]/[I]=3.

45

3.5

In{[M1o/IM1}

—k— PECZk-b-F{1H,2H FOMAZ0K
—8— PEQZk-b-P{1H,2H FOMAISK
—8— PECZk-b-P{1H,2H FOMA)100k

12

Time (hr)

Fig. 11 Kinetic plot for ATRP by [M]/[I] ratio of 1H,2H-FOMA using

PEO as macroinitiator.
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4-7. PEO-b-PFOMA

PEO (hydrophilic) PFOMA (CO:-philic)

PEO-b-PFOMA amphiphlilic
PEO good solvent CHCls PFOMA good solvent FC-113

cosolvent
Table 3.
CHCls PEO-Cl macroinitiators 100% FC-113

CHCIs

PFOMA FC-113 100% FC-113 CHCls
2:1 micelles , CHCls
5K PEO PFOMA
entry 3 6
FOMA entry 3, 4 PFOMA good solvent
FC-113 tubid . FOMA 5 6
micelles , PFOMA
FC-113
FC-113 CHCls 4:1 11
, 1115 CHCls
Entry 7 10 2000 PEO FOMA
5K PFOMA FC-113
. 2K-b- 140K PFOMA FC-113
, 4:1 (FC-113:CHCl:)
chloroform 5K
PEO 2K PEO 11
CHCIs
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. 2K PEO 5K PEO CHCIs
2K 5K PEO PFOMA
chloroform PEO

PFOMA poor solvent  chloroform

FC-113 100%

CHCls , L1l
CHCls
FC-113 : CHCIs 4:1
solvent FC-113 CHCl:  cosolvent (4:1 )

Table 3. A study of solubility of PEO-b-PFOMA copolymers.

FC-113 chloroform

entry polymers EC- 113
4:1|2:1|1:1|1:15 1:2 1:4
(100%)
1 PEO-Cl X X 00 o0 oo0o0 oo0o0 00 o0 ooo oo o
2 PFOMA homopolymer | oo o 000 x x x x x x

3 PEOs« - b- PFOM A s« X X o0 o0 ooo oo0o oo oo oo

4 PEOs« - b- PFOM A 20k X X o0 o0 ooo oo0o oo oo oo

5 PEOs« - b- PFOM A 40k 000 000 000 oo oo o
6 PEOs« - b- PFOM Asox 000 000 oo oo oo o
7 PEO:« - b- PFOM A 7« x X o0 o0 oo0o oo0o oo o o

8 PEO:« - b- PFOM A 43¢ X X o0 o0 oo oo oo oo oo

9 PEOZK = b' PFOMA7OK 0 0 O [ee] X X
10 PEQO:« - b- PFOM A 140k oo 00 o0 0o0o0 X b
x x x :insolubility, x x : turbid, x : milky, : white micelles, : deep blue micelles,
o :light blue micelles, o o : clear micelles, o o o : solubility, : bubble, : precipitation
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4-8. PEO-b-PFOMA micelles

good solvent poor solvent

self- assemble [52-57]

(shell)
(core)
good solvent PFOMA poor solvent
PFOMA  core micelles
micelles

film
micelles
PEO
CHCIs PEO  shell
, PFOMA
FOMA

Table 4. Micelles characteristic depend on solvent by Dynamic Light Scattering.

black copolymer savent effective diameter R, (nm)
PEOs« - b- PFOM A s« HQ: cFG1B =4 : 1 148 nm
PEOs« - b- PFOM A 20k HQ:; cFG1B =4 : 1 170 nm
PEOs« - b- PFOM A 40k HQ; cFG1B =4 : 1 177 nm
PEOs« - b- PFOM Asok HQ: cFG1B =4 : 1 187 mn
HQ: :FGI1B =4 : 1 175 nm
PE Oz« - b- PFOM A 7«
CHQ: :FGI11B =1: 4 *
HGQ: :FGI1B =4 : 1 338 nm
PE Oz« - b- PFOM A 43¢
CHA: :FGI11B =1: 4 o
HOQ: :FGI1B =4 : 1 515 nm
PE Oz« - b- PFOM A 70k
CHQ: :FG1B =1: 4 o
HO: :FGI1B =4 : 1 *
PE Oz« - b- PFOM A 140k
CHA: :FGI11B =1: 4 345.7 nm

temperature : 25 , concentration of micelles

* : large aggregation

- 41 -
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CHCls micelles

FC-113 solvent FOMA
chloroform rich (CHCIls:FC-113=4:1) PEO shell
PFOMA  core micelle , PEO
Table 4 PEO (2k) PEO (5k)
FOMA
micelles
FC-113 rich (CHCIs:FC-113=14) PFOMA shell
PEO core micelle ,
Table 4
PFOMA micelles ,
25 0.1 wt% 045
filter DLS

Table 5. Micelles characteristic of good solvent of PEO by Dynamic Light Scattering.

block copolymer sdvent efective diameter R, (nm)
PEQ - b- PFOMA. s« chloroform 50 nm
PEQx« - b- PFOMA7 s« chloroform 100 nm
PEQ« - b- PFOMA 125« chloroform 120 nm
PEQ - b- PFOMAusk chloroform *

temperature : 25 , concentration of micelles : 0.1lwt%, passed by 0.45

* : No micelles by chloroform.
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FOMA 20K chloroform

FOMA PEO
good solvent PFOMA poor solvent CHCIs
45K, 75K, 125K FOMA PEO 5K
chloroform Table 5
micelles , FOMA
45K FOMA
chloroform

transmission electron micrograph (TEM) ,

Fig. 12 . chloroform 0.1 wt% 045
: stain grid
PFOMA micelles
core PFOMA PEO
shell
(shell)  PEO core PFOMA
PFOMA core
PEO core PFOMA
PFOMA core
, Fig. 12
PEO 5K-b-PFOMA 45K shell PEO core PFOMA



PEO 5K-b-PFOMA 75K PFOMA PEO

PFOMA PEO
) , 5K - b-4.5K
PEO 5K-b-PFOMA 125K  PEO
PFOMA PEO
5K - b-7.5K PFOMA

200 nm

Fig. 12 TEM image of spherical micelle of PEO-b-PFOMA as chloroform.

PEO-b-PFOMA  film mophology
(CHCIs:FC-113=1:4)  0.1wt%

Fig. 13 . stain
PEO mophology
, 5K -b-75K PEO PFOMA 11 PEO
PFOMA . 5K - b- 125K
PFOMA PEO

- 44 -
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Fig. 13 TEM image of mophology of PEO-b-PFOMA.
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4-9.

CO:-philic  hydrophilic

water in CO: (W/C) CO: in water (CW) balanced state

balanced state

, Fig. 14
Pressure
Transducer
Manual
Pressure
Generator x——:%—lxl—
Variable-Volume
View Cell
Milton-Roy : Microscope
Mirti-Pu ‘—: L J
Optical
L Capillary T—N— Cell —

-

Fig. 13 High-pressure apparatus for emulsion formation and characterization
of emulsion stability and droplet size.
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4-9-1.

50:50 mini-pump micro- emulsion
optical cell microscope
1 2 . Fig. 16

non flecculated ,

highly flocculated

=10 pm
Non flocculated

— 10 um
Moderately flocculated Highly flocculated

Fig. 14 Non flocculated & highly flocculated of emulsion.



4-9-2.

(CIW)  20%
C/wW
HCB
(50:50
salinity
. 1%
, selinity
20%

top (W/C) bottom
. W/C Cc/w
)
Fig. 17
variable-volume view cell
microscope

" W
i H
k= G0

o B"ﬂ!
Copgey M)

k=liim
o, 10 a1l

Fig. 15 Emulsion stability versus salinity. Thin solid line represents isostability

contour for 20 % volume settling of 50:50 (by mass) CO. / water

emulsion with 1% wt.
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PEO PFOMA
CO: w/C
PEO clw
w/C 0.82
highly flocculated

0.82
CO:
. PEO 2k-PFOMA 7K
w/C FOMA 0.78
highly flocculated
FOMA
PFOMA PEO clw
4-9-3.
HCB PFOMA
PEO morphology T able. 6
PFOMA PEO wt% w/C
22.22 wt% PEO morphology
clw . Table morphology
35 Fig19 PEO 20%
PEO , 22%

balance state ,

PEO
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T able. 6 Interfacial tension measurments versus HCB balance.

Structure wt% Emulsion y (mMN/m)|y (mN/m)
PEO |Preferred Mophology| de. H.O |0.1M NaCl
PFOM A 25 - b- PEO:« - b- PFOM A sk 385 W/ C 3.14 4.90
PEO:« - b- PFOM A 25« 741 W/ C 299 284
PEOs« - b- PFOM Az« 8.77 W/ C 14.02 12.06
PEOs« - b- PFOM A sox 1111 W/ C 6.21 6.44
PEO:s« - b- PFOM A zox 14.29 W/ C 10.89 12.66
PEO:« - b- PFOM A« 2222 W/ C 135 197
PEOs« - b- PFOM A 13« 79.37 cCl/ w 7.03 9.35

10.0

C/wW °
—_— a
>
E ;
~ 4
] & de HO

) = 0.1 MNacl

! open symbols denote
Peg, = 0842 g/ml.
1 1

1.0 — L
0 20 40 &0 BO 100

mole % PEO

Fig. 17 Variation of interfacial tension with w% PEO at constant
CO: density of 0.916g/ mL.




PEO-b-PFOMA

ATRP HCB
1H ,1H - perfluorooctyl methacrylate (1H,1H-FOMA)

1H,1H 2H ,2H - perfluorooctyl methacrylate (1H,1H,2H,2H-FOMA)
PEO

2K 5K methoxy PEO  CPC
(MPEO-CI) , 1H,1H-FOMA 1H,1H 2H 2H-FOMA
FOMA

PEO-CI FOMA
ATRP . ATRP activation- addition-

deactivation cycle

CDCl:  FC-113 (14)

'H-NMR signal
kinetic plot , Mn, monomer conversion
ATRP living
monomer
GPC
bipyridine
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ATRP
(PDI=1.14)

PEO PFOMA

chloroform PFOMA good solvent

PEO chloroform
FC-113

chloroform : FC-113 = 14

solvent  chloroform PEO  shell
, PFOMA
PFOMA good solvent
PFOMA  shell PEO core
, PFOM A
W/C , PEO
c/Iw

balance state
1-2 , W/C
, CIW

- B2 -

80
130
CuCl:

amphiphilic surfactant

PEO good solvent

, PFOMA

PEO good

, PFOMA core

micelle

rich

PFOMA

PFOMA
PEO



HCB PEO 20 w%
W/C , 22 W% blance state
PEO 79 w% CIW
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