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Polystyrene-co-poly(2,3,4,5,6-pentafluoro styrene) Copolymers:
Synthesis and Fabrication of Their Porous Films
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Abstract Well-defined polystyrene-co-poly(2,3,4,5,6-pentafluoro styrene) (PS-co-PPFS) copolymers were
synthesized by atomic transfer radical polymerization (ATRP) in trifluorotoluene, fluorinated ionic liquid
and trifluorotoluene/fluorinated ionic liquid solvent systems, respectively. The chain structure and compo-
nent of such copolymers were characterized by 'H NMR, "°F NMR, elemental analysis and GPC. Porous
films of PS-co-PPFS copolymers were fabricated by static breath-figure method in CS,, CHCl; and CH,Cl,,
respectively. The morphologies of such porous films were observed by scanning electron microscopy (SEM)
and compared with those of PS homopolymer with similar molecular weight. The results showed that
PS-co-PPFS copolymers with narrow molecular weight distribution (M,=5200~7900 gemol ', My/M,=
1.12~1.22) can be synthesized via ATRP in trifluorotoluene and fluorinated ionic liquid, respectively. The
SEM observation indicated that PS-co-PPFS copolymer porous films can be fabricated with CS,, CHCI; and
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CH,Cl, as solvent, respectively. While, different from PS analogues, PS-co-PPFS copolymer porous films

showed less ordered pore structures with two different average pore sizes. The pores of such film fabricated

in CHCIl; were in better order with two average pore sizes of 0.75 and 0.37 um, respectively.
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1.1 R

AL R AR R A TR AR kA
fesn: [H 2548 A 70T R 7] (SCRC); 2-IRN IR H
& (MBP): Aldrich; NNN.N.N"- T FU 5 — 2006 B2 &
(PMDETA): Aldrich; YR{4F4d(SCRC), MUK LFR¥E—
W, FEIK 8 h, G SRR SRR, I uET
f I BIARMA T T Z0iAiR(CS,) =&
%t (CHCL) Al — & H %5¢ (CH,CL): A. R., SCRC; H 7K

polystyrene-co-poly(2,3,4,5,6-pentafluoro styrene) copolymer; atomic transfer radical polym-

(SCRC) Il 42 768, 2,3,4,5,6- T 7% 24 (PFS) (Al-
drich) IS A B K, AT I b v 8 A R A T R
BHEREF; K OM(A. R, BT — ) InE s &
AR B T R R 2T, A i AR R AT =0
FH2K(CF5CeHs): A. R. Aldrich, 8 FH RToRE 208, & a2
T4 [mmim] {[H(CF,),0(CF;),SO,],N} (FIL) %3
BRCSIG i PS (M,(GPC)=8500 gemol ', M,/M,=1.05)
PG (E S0 5 DL 2- IR AR TR R 5 177, R ATRP 2K
H IR
1.2 NBENRXSRAE

RBCR AN oy P2 R LA THF 3 sl AH )t
[ 1535 (4,185 (GPC) (Waters 1515)7F 35 °C Fll&E:, HHIH
A 1 mLemin ', BAEWMZRIHRENE(TH NMR)A!
S ("F NMR){EZE [E Bruker AVAVCE-DMX500 14
RGPS EHFTIAR, L CDCLy WA 2
FLELZ SIS Pt (20 mA, 30 s)Ji, £ JSM-6390LV
T34 1 B AU (SEM, Jeol Co.) " Wi g2 H. 2R I TE 5N
FESH 0 F 25l b B REE B A WAL AR 5T BT 6 3 9
HraL .
1.3 ATRP XA R PS-co-PPFS 354

I AN 50 mL 55151 Schlenk Jffi(a)Fl(b), It
T BBRAA SRS BRI 150 mg (1.05
mmol), EETRY FINAZ ()T, 2-IRNERFEE 0.1
mL (0.875 mmol). K24 2 mL (17.5 mmol). 2,3.,4,5,6-
TLHIE 5 1.2 mL (8.75mmol) Al =6 FH 2K 3 mL Ji A £
D), AN HAT B AUS e8 B(a). IR
(@) N\ PMDETA 0.5 mL (2.1 mmol). Hkl5e )5, %
JMAINFAF] 90 C, FATEE RNV, KA 2 h I, d
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S THF #6585 i e A 7 DABR 2o 5, 4R
JEAE IR TUOGE, SdhiE. PR R A AR AR
A, NS THRAR T 40 C T4 2 d, 95IkES A A1 B.
'H NMR (CDCls, 500 MHz) d: 7.36~6.10 (m, H"), 3.70~
3.30 (m, H, 2.90~2.80 (m, H), 2.80~1.10 (m,
HYe"18) 1.10~0.80 (m, H). “*” ‘Shric s 5 A it
WAL KR RE TMS ik A 2E . °F NMR
(CDCl;, 500 MHz) 6: —141, —157, —162. F:ih A:
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M(GPC)=5200 g*mol ', M,/M,=1.12, F &&8&=227
wt%; FEfh B: My(GPC)=7900 g*mol ', M,/M,=1.17, F
TR =26.0 wt%.

MR T8, 3 HE 5 9B WA (3 mL)FI =
A B B TR AR(2 mL/1 mL)E IR R A AR 5
PS-co-PPFS SLERWIFES: C MID. ki C: My(GPC)=6300
g'molfl, M,/M,=122, F & & =245 wt%; f£i D:
M(GPC)=8100 g*mol ', M,/M,=122, F &&=247
wt%.

® 1 J ATRP LG K ARSI PS-co-PPFS JLIEEY)
Table 1 PS-co-PPFS copolymers synthesized by ATRP

Sample Solvent/mL  M,/(g*mol ") M,/M, F Content/wt%

A CF3CeHs 3) 5200 112 227

B CFsCeHs (3) 7900 1.17 26.0

C FIL (3) 6300 1.22 245
CF3CgH5/FIL

D 8100 1.22 247
/1)
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TREF PR AN — IR A o)tk 2200, 6
2.90~2.80 ARG YN HA] CH;OCOCH(CH;)-H
-CH-INEAZER RS, 4 6 2.80~1.10 JE I SR LA

LIRS TR EW 4% b d, e, £ A1 g A7 & _E R T
WA R 6 1.10~0.80 RIS N T~ 5 45 W it Ik 14
CH;0COCH(CHy)-H I EA 124467 #%. PS-co-PPFS 3t
EYI F NMR SR =4 F Mfb2#his, 2RldE o
— 141, —157FM—162. 535k, REVIMITTRE SIS REK
W], &Y A~D "I F &0 5008 22.7, 26.0, 24.5 Fl
24.7 wt%. L& GPC, 'H NMR, ""F NMR Hl7t %7 #7 1)
S5 RHAE T BT & ) PS-co-PPFS JLEMIIN 7 T HES5 1.

M, (GPC) = 5200 g-mol™!
My/My=1.12 (@)

M, (GPC) = 6300 g-mol™!

My /My=1.22 (b)
M, (GPC) = 8100 g-mol!
Mw/Mn: 1.22 (C)

T T T T T T T 1
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Elution time/min

Bl 1 PS-co-PPFS LY GPC K
Figure 1 GPC traces of PS-co-PPFS copolymers
(a) Sample A; (b) Sample C; (c) Sample D

Bl 2 PS-co-PPFS JLER¥I(¥ "H NMR (CDCly) i &

Figure 2 'H NMR spectrum of PS-co-PPFS copolymer (in

CDCly)
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JEEFRITE B8 7 HE AN [ R FE PRI RE . AR SR T s i &
Pl LIRER AW 2 AL, 3BT = R I(CS,,
CHCL; Hl CHyCL) X} 22 L I T 35 1) 5% i

3 JELL CS, M, PS-co-PPFS JLERMIFET: B
I PS Z LI SEM & ). M 3(a)rT LA H, i PS
(1) CS, BB Rl #5619 21 2 FLU I, R i SR A7 (e
LRI 1“8 ARE5H. PS-co-PPFS Wi I
Hipehw Bos th Z AL 3b)), RifLHEZIA P
PEZE, T HH S R I PR RN LG R,
LA 0.57 F10.35 um.  FRPIFHRE SWINIES AT
FERERZE 57 I S PR A I 10— D & AR

L B .
[ 10KV 4. X6,800 By OBBBTNGS 35 S |

B3 711 CLLCS, hilhl % 0 2 LI SEM [
Figure 3 SEM pictures of porous films fabricated at 11 C in
CS, as solvent

(a) PS; (b) PS-co-PPFS

BL CHCls A ¥ 77036 4% 16 LIk 3R 5 ) 2 FL IR 1)
SEM K F unf&l 4 fitR. PS #RE 22 FLE5 R DA P R AN
FLARME — TR R, PN 1.90 um, [AI£E
EANEHBEALE 1.50 um 224 KFLE (- 4a)).
PS-co-PPFS % fLi 5 (P& 4(b)) 2 THIFL45 R A 1k 75 3]
e, SRIMALAR R AMKAR o A RIS R, ~FH89L4%
43R 0.75F10.37 pm, BI85/ T PS 2 fLE IR FLAT.
KRR H T &R RSB AT
PS-co-PPFS AW G /K & . 7K 280 B I
MG E BB 2 0, TR, XA
DB TR B R 7K /DN T A o B BOR R A IR IX I
W23 T8 R IR K, ARSI FIK A3 R 2 S5 T A KT
fLA%E.

odSuaboo o L
B4 7511 ‘CLL CHCI; A# 5l & ) 2 LA SEM [ Fr
Figure 4 SEM pictures of porous films fabricated at 11 C in

CHCI; as solvent
(a) PS; (b) PS-co-PPFS

L CHCL AR R M 45 R —FE, FIH CHLCL ¥
#%10 PS Z LB B A G e HEA I FL AR AT — 5L
2. R, AFEIFLAE R 1.32 pm(& 5(a)), Lb PS £ 4L7E
JEE(FE 4(a)) 1 FLAR(1.90 pm) /).

Hi PS-co-PPFS [1] CH,Cl, % il 4% ¥ 2 I
Heg i 2 LA R 5(b)), 10 HALR KA —, F2
HAFEFLAR S ) 0.60 F110.28 um 4L, L H: CHCL, ¥
TS 2 ALEER I3 FLA2(0.75 F1 0.37 pm)/).

KPS 2 LR 2530y R )2 )5, PS-co-PPFS £ I
HHBUEHT E CHLCLy ¥ 2R A ) A B IR 7K T o 41 %
BIMES, HEEKNR— ZA1E 1.0~2.0 pm Z (70
Kl S(e)fr Bar).

3 it

FIF ATRP R& 51k, 75 =FIAS R IR R sl
W T S5 RT 0 PS-co-PPFS LI, Hor Tok4h 1
I 'THNMR. "FNMR. JGE/ R GPC J7iEf35] T 1
k. 25, 73 AILL CS,, CHCLy M1 CHLCL /R ¥ A1, FIH
B AT 1721 %5 T PS-co-PPFS SLERWIA PS 111 % LI
JBE, F SEM WS AL Dl WEFURIN: FEACSEES 5%
PEF, (1) BLCS, I, PS BIRMIARE L AT 2 FL45
FATITEIE, 10 PS-co-PPFS JLRMIRENE T 1 2 AL, 10
HALEH 2 LS, (2) LA CHClL; Al CH,Cly A ¥ I,
PS BIZWIGRIE A P S5 1 1) 2 FLIE R, Wi & L s # 11)
PRI, MEETE, BL CHCL; o w5 il 4 1)
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10KV X5,000 5pm

B5 75 11 CLL CHCl, Al il ¥ 2 AL SEM K Jy
Figure 5 SEM pictures of porous films fabricated at 11 C in
CH,(l, as solvent

(a) PS; (b) PS-co-PPFS; (c) PS-co-PPFS with partially peeled surface

PS-co-PPFS JLIRW) 2 SLIR (AL A5 K AT PP PR I, JEP3Y
FLIRECK.
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