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Synthesis of semifluorinated copolymers and

amine acetate derivatives for supercritical carbon dioxide application

Hyun Jung Kim

Department of Image and Information Engineering, The Graduate School

Pukyong National University

Abstract

Semifluorinated block copolymers of oligo(ethylene glycol) methacrylate
(OEGMA) and 1H,1H,2H,2H-perfluorooctyl methacrylate (FOMA) were prepared
using group transfer polymerization via sequential monomer addition. Analogous
random copolymers were prepared using radical polymerization in supercritical
CO2 The micelles-like aggregates of the copolymers in water and chloroform
were characterized by quasi-elastic light scattering and transmission electron
microscopy. The size and morphology of aggregates were found to depend on
the nature of solvent, temperature, and the copolymer composition. The solubility
of copolymers and the formation of hydrated reverse micelles in CO; were
investigated. The block copolymer showed better ability to uptake water in CO»
than the random copolymer.

Amine acetate derivatives were synthesized and their properties in CQO» were
investigated. The CO:-philicity was greatly increased by esterifications of alcohol
functional groups. Amine acetate derivatives exhibited high solubility in liquid
and supercritical CO and the methyl-branch in the compound helped solubility in
CO:. The formation of water-in-CO; (W/C) emulsions were described in terms
of the cloud points. The dimethyl amine type, DTA exhibited the good ability of

stabilizing W/C emulsions.
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Figure 1-1. Schematic pressure-temperature diagram showing
the SC region and the variation of density of pure COs
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Scheme 2-2. Synthesis of POEGMA-ran-PFOMA in scCO,
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Figure 2-3. GPC trace of (A) starting POEGMA, ,x (Mw/Mn = 1.21)
(B) POEGMA | 1~ 5-PFOMA11 2 (Mw/Mn = 1.09)
(C) POEGMA-ran-PFOMA (65 : 35) ( Mw/Mn = 1.73) and
(D) POEGMA-ran-PFOMA (39 : 61) ( Mw/Mn = 1.41)

e
—CHpC CHy G
| o
%izCHﬁCFz?:?CFa
70 60 o500 40 30 20 " 1.0 ppm

Figure 2-4. 'H NMR of POEGMA-/-PFOMA
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Table 2-1. Copolymers of OEGMA and FOMA

« Theor molar  Obsed molar
Theor Mn  Obsd Mn'

Copolymer composition  composition”

(@mol) (g mol") (ol %) (ol %)
POEGM A sk-b-PFOMA | 2« 7000 7800 90:10 89:11
POEGMAS31x-b-PFOM Ay« 3900 4000 83:17 83:17
POEGMAg 5c-b~PFOM Az 26000 26500 32:68 32:68
POEGMA sx~b-PFOMA7 7« 9000 9300 22178 2377
POEGMA 3 4k~-b-PFOM A 31000 31400 13:87 15:85
POEGMALi«—b-PFOMA 1 12000 12600 12:88 15:85
POEGMA, sx-b-PFOMA 3% 23500 25000 9:91 10:90
POEGMA-ran-PFOMA - 34500" 59:41 65:35
POEGMA-ran-PFOMA - 60700" 26:74 39:61

“calculated from GPC and 'H NMR. "determined by GPC. “determined by 'H NMR.

Table 2-2. Characteristics of POEGMA-b-PFOMA micelles

. Mole% of . Temp d" Polydispersity
Block Copolymer Solvent’ o
FOMA C)  (nm) (/T
POEGMA | 4x—b-PFOMA 1 2 85 Chloroform 30 2379 0.172

POEGMA;4.-b-PFOMA 2 85 Chloroform 30 2764 0.296
POEGMA | a.-b-PFOMA 7 % 77 Chloroform 30 1382 0.149
POEGMA31x-b-PFOM Ao.ax 17 Water 30 45.2 (0.332

POEGMA¢si-b-PFOMA | 2 11 Water 30 270 0.212
50 282 0.178
60 160.6 0.005

%0.2wt% polymer solution. "effective diameter at 30°C.
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=i FREIZNN EF FTEAY md 5L QELSE o] &3d
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=5 F38A 1A FE(morphology)= TEMEZ Ea] #aslolr),
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200nm

(A) (B)

©
Figure 2-5. TEM pictures of (A) POEGMAg - h-PFOMAsy. and (B)
POEGMA3 4.- b-PFOMAs; aggregates made in chlorofrom, and (C)
POEGMA; .- b-PFOMAg gk aggregates made in water.
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Figure 2-6. TEM pictures of POEGMA-ran~-PFOMA(39:61)

aggregates made 1n chlorofrom.
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th. POEGMAssi-b-PFOMAs= 9% 2% g Hols vy,
POEGMAs 5~ b-PFOMAwg = a9 e 799 Sga7r das et oA
ATl A, ERZEEFNA PEOsi—h-PFOMA 5.5 T3 0] @A E}A Lyebyt
ARE PEOsk-b-PFOMA 1255 YBEYS Btk B2 Z5TA A &34
ol 7} Fagtol wet v A 3 gHA)
(aggregates)®] el #2 THANA GFRYG} 2L F3o] opd &
FHZ AAH oz WA FHa, AT olF 2 33 A(large aggregates)
At g AhY  FEasgd  g9AsA ==
POEGMA3 1k=6-PFOMAg o= Eol A 793¢ 739 vl A& A6t
ATt SREIEAA WY FEFA A Fel= 200-400nmol o] 2
= TE0 v 33 AT #EE A . (Figure 2-6)

57 gk Bl s gas|E BEo
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Figure 2-7. Cloud point profiles of POEGMA-PFOMA

copolymers(0.5wt%) in CO, @: POEGMA, gi— b~PFOMA 3 o,

O: POEGMA 44~ b-PFOMA |, 5, V: POEGMA | g- b~PFOMA7 7.,
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Figure 2-8. Phase behavior of the water/surfactant/CO» system
as function of w,=12 at surfactant concentration of 0.25wt% in CO,
®: POEGMA| 4~ bh-PFOMA || 2k, ¥: POEGMAs¢ s~ b-PFOMAs,
O: POEGMA-ran-PFOMA(39:61)
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Figure 2-9. Proposed structure of (A) a POEGMA-5-PFOMA and

(B) POEGMA-ran-PFOMA micelle with a water swollen core in COs..
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evaporator® &vE AAT & FFHFE S FA A YRS A
c},

Tri-(2-acetoxy)-ethyl amine (TEAc), yeild 77% : 'H NMR (CDCls)
6 = 4.08 (t, 6H), 2.80 (t, 6H), 1.98 (s, 9H)
Tri-(2-trimethylacetoxy)-ethyl amine (TETAc), veild 76% : 'H
NMR (CDCl3) 6§ = 3.99 (t, 6H), 2.73 (t, 6H), 1.06 (s, 27H)
Tri-(2-acetoxy)-propyl amine (TIPAc), yeild 76% : 'H NMR
(CDCly) & = 4.86 (m, 3H), 2.53 (m, 3H), 2.41 (m, 3H), 1.93 (s, 9ID),
1.09 (d, 9H)

Tri-(2-trimethylacetoxy)-propyl amine (TIPTAc), veild 74% : 'H
NMR (CDCl3) 6 = 4.91 (m, 3H), 2.63 (m, 3H), 2.53 (m, 3H), 1.16 (s,
36H)

(2,3-(Di-trimethylacetoxy)-propyl)-dimethyl amine (DTA), veild
70% : 'H NMR (CDCls) 6 = 5.11 (m, 1H), 4.31 (m, 1H), 4.06 (m, 1H),

2.34-2.46 (m, 2H), 2.21 (s, 6H), 1.14 (s, 18H)

2.3 717184

'H NMR 29 E# 2 JNM-ECP 400 (JEOL)S o] &&tc] H-A413}9] 1, &1
+ CDClgs AF&3EATE. o] Akstek A o A ol 3} Al 29 o}wl o} A go] E

AR A9 cloud point AL A}ato]o] o] &al 28mle] Aol A
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Figure 3—-1. Structures of amines and amine acetate derivatives
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Figure 3-2. Phase diagrams for the solubility of TEAc, TETAc and
TIPTAc in CO; @ : TIPTAc (40°C), vV : TETAc (40°C), @ : TEAc
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Figure 3-3. Cloud point profiles of amine acetate derivatives in CO, at

concentration of 4wt%. O : TIPAc, ¥ : TETAc, @ : TEAc, vV : TIPA
(1wt%)
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