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.N N N N N'-

PMDETA Aldrich 98 %

TFT Aldrich 9% N N-

DMF Aldrich 99 % DMSO Aldrich
99 %

a a a-

2- 2-
PBIEM M, =
2.39x 10" M,/M, =1.08.'H-NMR CDCl, ¢
4.38 4.21 —CH,—O0CO 2.20 ~ 1.40 —CH,—
C 1.97 —C Br CH, , 1.30~0.90 —CH,
1.2 ATRP PBIEM-g-PtBA
25 mL
3 5.0 mL
DMF  0.043 g 1.54 x 10™* mol Br
PBIEM .
0.060 g 1.54x 10 * mol Cu I Br 0.086 g 1.54 x
10™* mol PMDETA 6.0 mL 1.54 x 10~ *mol

tBA
20 min
THF
Al O,
30°C
. PBIEM-g-PtBA [l a
b 41.5
wt% 46.9 wt% .
1.3 ATRP PBIEM-g-
PtBA-b-PFA
Cu I Bi/PMDETA
PBIEM-g-P:BA
FA
FA
10 wt% .
1.4 PBIEM-g- PAA-b-
PFA
100 mL 0.75 ¢
PBIEM-g- PiBA-H6-PFA 30 mL 1 4- 3
ml. 1 mol/L. 90°C
48 h . 1
4-

pH

PBIEM-g- PAA-b-PFA

85 wt% .
1.5
100 % DP,,. =
AM/T,.
KBr
FT-TR Perkin-Elmer Spectrum one
.INOVA-600 NMR Varian
Corp. USA CDCl, d-
DMSO "F-NMR 11 2-
P/BA 6=1.43 s — CH, , PFA §
=1.21 s C CH, CO—
Wyatt

Technology Corp. USA
P:BA PBIEM-g- P:BA-b-PFA
M M

w n

PBIEM PBIEM- g-

M,IM, Styagel ® RRHMW 7E GPC
7.8 x 300 mm Wyatt OPTILAB
Wyatt DOWN
E . 25°C DMF 1.0
ml: min~'
0.4 pm Millipore

10°° ~ 10" g/mL
2000 r/min
NanoScope [l a AFM
tapping Model . Set-point

0.4~0.9
2
2.1 PBIEM-g- PtBA-b-
PFA
PBIEM-g- PAA-b-PFA
1 PBIEM
tBA FA ATRP

" erafting from”

PBIEM-g- PtBA-b-PFA
PBIEM
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PBIEM M, =2.39 x 10*
PBIEM M,/M,=1.08.
Br
Br
Et,0, 0°C EBriB/CuBr/PMDETA x KF, 1%TBAF/THF
o NEt;, TMS-CI 0 DMF, 95 °C O 3BriBuBr, RT o
O 2
% 0
OH TMS
T™S
PBIEM (1)
Br
0
[e) CuBr/PMDETA, e, o, a-trifluorotoluene, 100 °C
/BA, CuBr/PMDETA NS Br
DMF, 95°C 0 o= ™
O nx
x 0
/’\ |
F —_
PBIEM-g-P:BA (1I)
0
1,4-Dioxane Br
< KOH/EtOH od ™G A
reflux
OH ?
FC—CF, ¢Ha
i FC—CF,
|
F¢—CFy GHF
PBIEM-g-(PtBA-b-PFA) (TII) CF, PBIEM-g-(PAA-b-PFA) (IV) Fle —CF,
CF,

lme 1 Synthetic route of the PBIEM macroinitiator |  the subsequent grafting from polymerization to yield the PBIEM-g-PtBA 1l  and PBIEM-
g- PtBA-6-PFA Il brushes and the selective hydrolysis to yield amphiphilic PBIEM-g- PAA-6-PFA N  brushes

PBIEM- g-PtBA 3%
PBIEM-g- PtBA-b-PFA . PBIEM
M, M. /M, 1 . ATRP
PBIEM-g-P:BA M, . GPC HEMA-TMS
PBIEM BIEM 2-
Br 100 % ATRP PBIEM
80% . PBIEM- g-
P:BA <1.3
_ATRP PBIEM- g-P:BA
/ FA
<40% ATRP PBIEM-g- P:BA-b-
s PFA . 1 FA
M,/ M, PBIEM <10% FA

1 GPC tBA
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Table 1 Synthesis and characterization of a macroinitiator PBIEM and core-shell cylindrical brushes PBIEM-g- PiBA-b6-PFA  via ATRP

CuBr ¢ PMDETA ,: Conv. M, 4 M, ol M, e
Run M,/M, Formula®

Br o*: (BA o: FA " % x 1076 x107° x107°
1 — 73.0 0.082 — 0.024 1.08 PBIEM,,
Ila 1:1:1:400:0 41.5 6.82 6.14 7.17 1.16 PBIEM,y,-g-PtBAg
b 1:1:1:100:0 46.9 1.84 1.77 2.67 1.20 PBIEM,,-g-P1BAs
Va 1:1:1:100:200 10.7 4.34 3.64 5.04 1.27 PBIEM,p,-g- PtBAys-b-PFA 4
Nb 1:1:1:100:400 9.7 5.03 4.92 7.86 1.26 PBIEM,,-g- PtBAs-b-PFA,,
Ve 1:1:1:400:200 7.0 8.45 7.66 8.48 1.12 PBIEM,py-g- PiBA;gp-b-PFA;
Vd 1:1:1:400:400 9.8 11.4 9.99 11.6 1.12 PBIEM,py-g- P1BAs-b-PFAy

* Molar concentration of the initiating bromine groups " Otherwise specified else DMF or trifluorotoluene was used as solvent © Obtained from gravimetrical

conversion assuming the brushes to be formed at all initiating sites ¢ From ' H-NMR specira © Based on the area radio of specific peaks in ' H-NMR spectra

.PBIEM-g- P:BA-b6-PFA
M, , GPC
GPC
GPC
PBIEM,,,-g- PtBA,-b-PFA,  GPC 1
tBA 1 1 1 1 1 1
GPC 0 5 10 15 20 25 30
) Volume (mL)
M, M, =1.27

' 1 GPC traces of the PBIEMy, a the homopolymer brush
PBIEM,g,-2-PiBAy;s b and a core-shell semifluorinated cylindrical

brush PBIEM,g,-g- PtBA,s-b-PFAg ¢

X

N

)

-2 "H-NMR spectra of A the macroinitiator PBIEMy, B  the homopolymer brush PBIEM,y-g-PtBAys and C  the semifluorinated
cylindrical brush PBIEM,g,-g- PiBAys-b-PFA 4

CDCl; was used as solvents.
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2 PBIEM,,, PBIEM-g- PAA-b-PFA "H-NMR
PBIEM,,, - g-PtBA,; PBIEM,,, - d-DMSO PAA
g- PiBA,-b-PFA, 'H-NMR . PBIEM ©L 4 PBIEM,,, - g-
P:BA  PFA S5=4.4 PAA,;-b-PFA,, '"H-NMR .6 =1.43
2 B PiBA 0 = —C CH; 0
1.43 — CH, , 2 C =12.25 —COO H
PFA §=5.49 CF CF, —CHF PAA
o=1.21 C CH CO— S = PFA : " F-NMR
4 .64 COCH, CF— PBIEM,,,-g- pAA,-b-PFA,,
NMR FA 5 —CF CF, , —CF, 6 = -76.7 —OCF-
tBA 0.35  PFA DPyp Ck; o0=-72.8 —CF CkK , d= -186.7
16 3.64 x 10° —OCF CF; 0= -209.1 —CHE 0 =
PBIEM,y,-g-PtBA,; . -213.3
FA 21 PFA
NMR PBIEM- g- PBIEM-g- PAA-b-PFA
P:BA FA ATRP
2.2 PBIEM-g- PAA-b-
GFs
PFA 2HO 0g 0 CF CF,
PBIEM-g- P:BA-b-PFA 1 4- QONOW HF - CFy
KOH
OC(CH;);
PBIEM-g- PAA-b-PFA . IR
3 C—F 1000 ~ 1300 cm”' 2 L , LJ
-1 12 10 8 6 4
690 ~ 740 cm 5
o E
o ” 4 'H-NMR spectrum for the amphiphilic cylindrical brush
3600 ~ 2920 cm PBIEM,py- g- PAAys-b-PFA,,
d-DMSO was used as a solvent.
1370 em” ! 2.3 PBIEM-g- PAA-b-PFA
AFM
a 13
LAY
S o
3 tapping
g 7
£
g PBIEM-g- PAA-5-PFA
<
= AFM .
) . . . . . . 6 PBIEM,y,-g- PAA,-b-
4000 3200 2400 1800 1400 1000 600 T
Wavenumber (cm ™) PFA;  Ie AFM
- 3 FTIR spectra of a the amphiphilic cylindrical brush
PBIEMyg,-g- PAA,s-b-PFA); by hydrolysis and b the cylindrical
brush PBIEM,g,-g- PtBA,s-b-PFA, DP =292 DP =175

CHCl,  PAA
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=50 100 150 =300
5

Fig. 5 '"F-NMR spectrum for the amphiphilic cylindrical brush PBIEMyg,-g- PAAys-b-PFA,,

CDCl; was used as a solvent.

54
~72 nm Ta
I, Kuhn I 0.18~0.24 nm
PBIEM-g- PAA-b-PFA
PAA  PFA
PFA PAA
PAA
PFA

' 6 Tapping mode AFM images for the amphiphilic brush
PBIEM,g,-g- PAAs,-b-PFA;;  hydrolysis from brush [V ¢ spin-

coated from dilute chloroform/methanol 1/1 solution on mica

a Height image b Phase image

PBIEM,,,-g- PAA,-b-PFA,, [IVa
Ne

7 AFM
PBIEM,,-g- PAA,-b-PFA,

' 7 Tapping mode SPM images of the amphiphilic brush
PBIEM,g,-g- PAAs-b-PFA;s  hydrolysis from brush [V a  spin-

coated from dilute chloroform/methanol 1/1 solution on mica

0.86£0.2 nm a Height image b Phase image
46 £ 2 nm
=1:1
PAA,,-b-PFA,, PBIEM,,-g- PAA,.-b-PFA,, PAA  PFA
PBIEM,,, 7 b

PDI =1.08 AFM . PFA
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PBIEM-g- PtBA-b-PFA .GPC 'H-NMR

PBIEM-g- PtBA-b-PFA

ATRP
26 ~ 36 nm
15 ~ 20 nm
3 PBIEM-g- PAA-b-PFA . AFM
PBIEM-g- PAA-b-PFA
2- 2- l,=54~72 nm.
PBIEM “ grafting from”
ATRP
_b-
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SYNTHESIS OF AMPHIHILIC SEMIFLUORINATED CYLINDRICAL BRUSHES
PBIEM-g- PAA-b-PFA VIA ATRP

YANG Tingting XU Yingying YAO Li PENG Hui CHENG Shiyuan

School of Materials Science and Engineering  Hubei University ~Wuhan 430062

Abstract Cylindrical brushes with poly ¢-butyl acrylate -b-poly fluoroalkyl acrylate PiBA-b-PFA  semifluori-
nated diblock copolymer side chains were successfully prepared via grafting from technique using atom transfer
radical polymerization ATRP .Poly 2- 2-bromoisobutyryloxy ethyl methacrylate was used as a macroinitiator. The
formation of well-defined brushes was confirmed by GPC and 'H-NMR. Then the selective hydrolysis of the PtBA
block of side chains results in the amphiphilic semifluorinated cylindrical brushes PBIEM-g- PAA-b-PFA . The
characteristic cylindrical structure of the brush PBIEM-g- PAA-b-PFA was directly visualized on mica by atomic
force microscopy AFM . Though a narrow length distribution PDI = 1.08 of a macroinitiator PBIEM was
obtained the total length [, of brushes was varied within 54 ~ 72 nm. By adjusting the proper ratio of mixing solvents
in the spinning-coating process on mica the core and the shell can be visualized independently by AFM.

Keywords Amphiphilic Cylindrical brushes Fluoroalkyl acrylate FA  Atom transfer radical polymerization
ATRP





