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Abstract: This study is about the preparation and characterization of sulfonated random copolymer membranes
containing perfluorocyclobutane (PFCB), fluorenyl, and sulfonyl units. The polymers were prepared through three synthetic
steps, that is, the synthesis of a trofluorovinylether-terminated monomer, its thermal polymerization, and post-sulfonation
using chlorosulfonic acid. A series of sulfonated random copolymers with different ion exchange capacity (IEC) were
prepared by changing contents of fluorenyl uints in polymers with fixed molar ratio of chlorosulfonic acid during the
post-sulfonation reaction. All the synthesized compounds were characterized by FT-IR, 'H-NMR, "F-NMR, and Mass
spectroscopy. As the content of sulfonated fluorenyl units increased, the IEC, water uptake, and ion conductivity of the
sulfonated random copolymer membranes increased. The sulfonated random copolymer S-1 and S-2 showed higher values
of ion conductivity than the Nafion-115 in a wide range of temperatures (25~ 80°C).
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2.3.1. 9,9-Bis(4-(Bromotetrafluoroethoxy)Phenyl
Fluorene2| H=(Compound 1)
AL Q75 A 1,000 mL A FEZEkA T DMSO
500 mLe} NaH 10.27 g (0.43 mo)& FY3 & 4,4'(9-
fluorenylidene)-diphenol 50 g (0.14 mol)S HZH3] ¢
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©}Z 31 mechanical stirrer2 WRFSIGTh $A7)A YA ato] B FA st 5.5 g (0.01 mol)E SUHEE 70

o} Z&i= F, 1,2-dibromotetrafluoroethane 51 mL (0.43
mol)Z dropping funnel-& °l%f5H/\1 A3 FYst
N2 APAAT QA BE 5 BELEs} 30°CE
|4 %E% ice-water bath— A3} 16417 &
AZu) 7)o Yo ethyl acetateE P& T}
T MgSO.2 7R3 T Fow &nj&
AAsIAT. AxE BAES Hspdo] ¥ S
%3} ethyl acetate$} n-hexane&- 0]%‘3}&] 27 A=A
3t 37.6 g (0.05 mol)S BYTHSE 37%). 'H-NMR
(CDCl;, 6 in ppm): 7.06~7.80 (various m, 8H, CH
arom.), "F-NMR (CDCl;, § in ppm): -86.47 (s, 2F,
-CF,CF,Br), -68.58 (s, 2F, -CF,CF;Br).
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2.3.2. 4,4’-Sulfonyl-Bis(2-Bromotetraethoxy)
Bipheny!le| MZ=(Compound 2)
AB97)8lA 500 mL ATEEraIe) DMSO

250 mLe} NaH 7.2 g (0.3 mol)& FYU3Z 5 44'-

sulfonyldiphenol 25 g (0.14 mol)& HH3] YolFx

mechanical stirrer2 wHFsFGTH £A7kA AAlo] 213)

%, 1,2-dibromotetrafluoroethane 35.8 mL (0.3 mol)
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APAAT A ¥ EoF wreoTr) 30°CE |
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(CDCl;, 6 in ppm): 7.26~8.02 (various m, 8H, CH

arom.), "F-NMR (CDCL, & in ppm): -86.67 (s, 2F,

_CF,CE,Br), -68.86 (s, 2F, -CF,CF,Br).
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2.3.3. 9,9-Bis{4-Trifluorovinyloxyphenyl)
Fluorene2| M=(Monomer 1)

AR 718N A&k~ compound 1S 11
g (0.02 mol), Zinc powder 3.05 g (0.05 mo)&
diethylene glycol dimethyl ether 6.74 mL¢] ¥ 3

A 105°C2 B2 7RIF 16412 & 938
AABAFE o] 83ld 4=} dichloromethane 0.3
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%). IR(KBr): -CF=CF, (1834/cm). '"H-NMR (CDCls;, &
in ppm): 6.93~7.78 (various m, 8H, CH arom.), "°F.-
NMR (CDCls, § in ppm): -119.9 (IF, dd, cis-CF=CF>),
-126.8 (1F, dd, trans-CF=CF,), -134.2 (1F, dd, -CF=
CFz). Mass Spectrometric Analysis (CxoH;6O2Fs, MW=
510.43): m/z(%)=156(5), 239(40), 315(11), 337(25),
413(9), 510(100).

2.3.4. 9,9-Bis(4-(Bromotetrafluoroethoxy)Phenyl
Fluoreneg MZ(Monomer 2)
AEH718 A compound 2 30 g (0.05 mol),

Zinc powder 9.7 g (0.15 mol)& F4 CH;CN 150 mL

o YW1 A Es 7tell FRE AAFA

16712+ & ‘3}% % %é}%aﬁl—% ol-g3ste FAte] di-

49§ A2AZ U0 Dzd

ARAES *‘?47}7% 1 =3 HPE T3+ ethyl acetate

9} n-hexane& o]-83tod £ A5l 13.9 g (0.034

mol)e] BEA S AYTHFE 69%). 'H-NMR (CDCl,

6 in ppm): 7.20~7.98 (various m, 8H, CH arom.),

YF.NMR (CDCl;, § in ppm): -118.2 (1F, dd, cis-CF=

CF,), -124.9 (1F, dd, trans-CF=CF>), -135.5 (1F, dd,

cis-CF=CF3).
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2.4, W JEX HE

dY 82} R-1S 92 9, 10 mL schlenk &}
2306 wgd 19 9-Bis(4-Trifluorovinyloxyphenyl)
Fluorene 0.41 g (1 mmol)¥} kA 2<1 4,4 -sulfonyl-
bis(trifluorovinyloxy)biphenyl 0.77 g (1.5 mmol)¢} T
4~ phenyl ether 2.35 mLE FUS ¥ 4A3] L3
W7 eSS EafE & YR of2Zo Rz 1
B A2E T8 AAT H freeze-thaw'y S 0|83t
whE-7) e Azt @8] Xﬂﬂff}%{r/} HHE7) Wi
g olzZog 23 A7 & 25°CE E< /MlEA 1
gl 2217 ¥ WEES /\EU "IHFOR Skl
% methanole]] H3IAIF . LAEL AEF0|E 53 A
& Axd | ge cﬁWTE 85%). IR (KBr)
: hexafluorocyclobutane  (962/cm). GPC (MW: 103000).
'H-NMR (CDCL, § in ppm): 6.78~7.91 (various m,
CH arom.), "F-NMR (CDCl;, § in ppm): -127.9~
-134.3.
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Fig. 1. Schematic representation of the preparation of the
polymeric acid containing PFCB.
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Fig. 2. (A) F.NMR of compounds, monomers, and
random copolymers; (B) FT-IR of random copolymers.
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Table 1. GPC data of non-sulfonated random copolymers

Non-sulfonated random

Mn
copolymer

Mw PDI

R-1 31500 103500 3.29
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Table 2. Electrochamical properties of sulfonated random copolymer membranes
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T,\f‘__x]. x«]gﬂm ok ;q]_g: ol _E_}g

AT 227

Sulfonated random

IEC (mmol/g)

copolymer Fluorene : Sulfone IEC (mmol/g) EW (g/mol) (at DS 100%) water uptake (%)
S-1 6:4 1.83 541 2.12 353
S-2 5:5 1.59 629 1.85 31.7
S-3 4:6 1.28 781 1.56 214
S-4 3:7 0.97 1031 1.23 16.6
S-5 2:8 0.78 1282 0.87 52
Table 3. Proton conductivities of sulfonated random copolymers at RH 100%
Sulfonated random copolymer 25°C 40°C 60°C 80°C
S-1 0.070 S/cm 0.090 S/cm 0.098 S/cm 0.119 S/cm
S-2 0.057 S/em 0.080 S/cm 0.093 S/cm 0.113 S/em
S-3 0.029 S/em 0.037 S/cm 0.046 S/cm 0.065 S/cm
S-4 0.013 S/cm 0.019 S/cm 0.025 S/cm 0.035 S/cm
S-5 0.001 S/cm 0.001 S/cm 0.002 S/em 0.002 S/cm
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