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Abstract: A PFCB-containing biphenylene ether polymer was synthesized and sulfonated using chlorosulfonic acid and
then cast into membranes from their solutions for fuel cell applications. Sulfonation reactions were carried out by changing
the molar ratio of chlorosulfonic acid and the PFCB-containing biphenylene ether polymer under fixed time and
temperature. The resulting sulfonated polymers showed different sulfonation degree (SD), ion exchange capacity (IEC), and
water uptake. With the increment of the content of chlorosulfonic acid, the SD, 1EC, water uptake of the sulfonated
polymer membranes increased. The ion conductivity of the sulfonated PFCB-containing biphenylene ether polymers was
compared with that of Nafion 115.

Keywords: sulfonated polymer electrolyte membrane, biphenylene ether polymer, perfluorocyclobutane ring, fuel cell
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1. AY Mz

E Ao A AL Aok 4 Z31A)Q) chlorosulfonic
acid (99%)2 A &lslx 2% Aldricholl A )8t}
NaHE mlulE 2Gel 60%E 248 YAE A8
). ¥kg-gwjel DMSO9t CH;CN 23]3l diphenyl
ethers A4 29704 CaH,9) 34 BFHAA Z=F3)
4t zinc (granule, 20 mesh, 99.8+%)< 0.1 M g4t
Fedo2 G4BT T B9 oIECE Sad] A

WEel, & 15 A A 4 3, 2005

Z 100°ColN 3 FoF JFAzxEPch 1 9 g2
Aok g & 52 ARl g8kt

2.2. EFFH|

Nuclear Magnetic Resonance (NMR) spectra ('H-
NMR and “F-NMR)E Bruker DRX-300 FT-NMR Spec-
trometerE o] & Agom, o|ZHE Ao HF
Aoz ojFoFeA ARE HASATh Gel per-
meation chromatography (GPC) (Waters 2690)E o|-&
Sto] EApe] RS 155 on, Orion 720A pH/
ISE meter& ©| &3l 3EAuY o]2uggHs =
AstAh. LCR tester (Reactance Capacitor Resistor
Tester, Hioki 3532-50) hitester impedance analyzer&

o|gste] nEA DY o] LUEEE ST

2.3. PFCBE &®3l= Biphenylene 11EXle| &AM
2.3.1. 4,4"-bis(2-bromotetrafluoroethoxy)biphenyl

br

o H=(stgs= 1)
AAaE$) 718k A DMSO 400 mLoj| NaH 4.8 g (0.2
mol)g FU3F F 4,4"biphenol 18.6 g (0.1 mol)E =

3] WolFal 2A17F St wwkslih. FAkS A
o] 3 &, BrCF,CF.Br 52 g (0.2 mol)S H33]
FYsty vheS AP AT 1647 & WES £
o A7) Ho] E& ¥ the dicthyl etherZ F&
ATk o7 #7139 BE MgSO2 AA § A
Fold] A2 ¥ AFeg vlE AxdAY. AxH
’%“é%% ’\3\317]- O] 220 BHE 53+ hexane s 9]
g (0.07 mo)g FAUTHF
70%). H-NMR (CDCl;, 8 in ppm): 7.30~7.60
(various m, 8H, CH arom.), PF_NMR (CDCl;, ¢ in
ppm): -86.38 (s, 2F, -CF.CF:Br), -68.51 (s, 2F,

-CF,CF,Br).

0.1.4

2.3.2. 4,4"-bis(trifluorovinyloxy)biphenyl2| #|=
(stetE 2)

A 289718k A SR 1 27.2 g (0.05 mol), Zinc

powder 7.2 g (0.11 mol)-g F< CH3CN 300 mLo] ¥

W WA e el BRE AAT. 164]

BT
FF RS ABEOlE Bal AR ¥ dnag
2

Tog AZFAY. Az AANES HAYvtdoe] g2
AP S 55t hexanes o]&3ld 2 AAste] 11.8
g (0.034 mol)9] A Z AYTHES 68%). 'H-NMR
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(CDCl;, 6 in ppm): 7.16~7.55 (various m, 8H, CH
arom.), "F-NMR (CDCl;, & in ppm): -120.0 (1F, dd,
cis-CF=CF), -126.9 (IF, dd, mrans-CF=CF;), -134.7
(1F, dd, cis-CF=CF,).

2.3.3. PFCBE &®d
(22X 1)

ALE7S A 3E 1 10 g (0.0288 mol)}
diphenyl ether 15.6 mL& Schlenk flaskel 7 2&
thE -196°C (77 K)o A 3~4x}3) Freeze-thaw 80
2 flask WH 2] F715 443 AAsE T 2 bath
ol A 225°CE wutalH A 48A)7F FoF vr-e-x)AT) 8
< ¥ A48 THF 50 mLZ 3|4A17] o 1 &
< MeOHd| AH3A7l & AR AAES 23l
AFAZATHEE 92%). GPC: Mw=74,000, (Mw/
Mn)=2.72. 'H-NMR (CDCls, § in ppm): 7.15~7.48
(various m, CH arom.), “F-NMR (CDCl;, & in ppm):
-128.4~-131.8.

t= Biphenylene I&Xte] A=

2.4. PFCB7|E &®% &E3} Biphenylene I&%}
o Mz % M=t
2.4.1. PFCB7|E &w8t 2&3} Biphenylene I&%
o] Mz (18X 2)
TEA 107 g (202 mmol)E AR 7|5 A
DCC (100 mL)0ﬂ =0l & A2(25°C)dlA DCC (10
mL)ol| &4 ¥ CSA £ A4S dropping funnelg o]
&t 1AMZE B ASAIFATHRMSEE] uRA 1
CSA = 11, 112, 1:3 2 1:4). 5A17F & w253 &8S
AXG o 2egd RS A F
pHZE 7¢] & w7hA Al H3 e o8
3} IEAE 120°C A-F LB A 244
uf o} ZhaFe] &S AAS A

r‘ié
N,

2.4.2. TRA} 22 w2

Az LEA 25 DMAco] 10 wt%g =9 &
petri dishol]l &4 2AF B 60°CE 12A]7L, 100°C
2 12A7F 7tEste S Az

4

2.5. &8 (Water Uptake) X

LA 22 Azd ve] ARFA

9] Zgrol 247k o] A HA
Bx

2
B Rohln B9
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shel ohelel 4 (D@ olgste) ALshech
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2.6. o|2usEHIEC) Tt &Es12(SD) &4

o] W BH-EH(IEC)Y 4L AHr]e] HAGWE-E
|3 Fishere] HAWHS o] &3ttt £0)3 A|g ot
£ 0.1 N HCIZ 4+ A8 & 2452 AH350
0.1 N NaCl §=8-9 50 mLol| 54|17 A& sle] &Zae
T3} mu}yu gzm] ) -SOsH” &E7} -SOsNa'
Fez AgH= % 0.1 N NaOHE o] &3} &

Ao =N HC194 7-} —% 43k ofgio] 4 (2)9}
(3)o2RE 27} o]l m3&eF IEC (meg/g)St &Z3}

% SD (ZEA} ¥rE %“H 3 EL_/\\_]_—7]‘?4 M) T3t

O

TH18].
A
IEC=—~—VN"§§’C IO (ol g) )
_ _FWXIEC , sulfonic groubs

SD= 1—801EC< repeated units ) G)
7)o A IECE ©]&n&8F, JViows NaOHE
9] HyolH, Crowe NaOHY %, W, uro] Ty
ol

2.7. o|2Hx=z(lon Conductivity) &3

nEA 22 AR e AHG 1 VA 48R}
b (4-probe method)©. 2 1 Exz}ete] A3E &3
Aok ol®A & 2o M e o83t o] A
E e FaE 4 @ oe 2o,

A7 k& ClLAEE, pt ¥R
S, RE o] A7) AR, st we) faMH ot
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Fig. 1. Schematic representation of the preparation of biphenylene polymer containing PFCB unit (polymer 1).

1. Ether formation

Initiastion : AfO" + BrCE,CEhBr ——> AOBr + “CF,CFBr
Propagation : "CE,CF,Br ———» CE,=CF, + Br

A0 + CF=CF, -~ ArOCF,CE,

ArOCECF,,  + BiCECEBr —  ArOCF,CF,Br + “CF,CF,Br
Termination :  ArOCE,CEy, + ‘'Hsolvent —>  ArOCE,CFH
2. Elimination

-F
ArOCECEBr  + Zp————» AOCF,CF, + ZnBr'—> ArOCF=CF, + ZaFBr
‘H solvent
ArOCEF,CF,H

Fig. 2. Mechanisms for the formation of compound 1, compound 2 and by-product[19].
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Fig. 3. Schematic representation of the preparation of the sulfonated biphenylene polymer (polymer 2).

Table 1. IEC, SD, and Water uptake of Sulfonated Biphenylene Polymers (polymer 2)

Polymer 2 molar ratio (polymer 1 : CSA) IEC (10'3 mol/g) SD (x+y) Water uptake (wt%)
polymer 2-1 1:1 0.080 0.028 1.34
polymer 2-2 1:2 1.075 0.407 11.9
polymer 2-3 1:3 1.560 0.617 16.2
polymer 2-4 1:4 1.964 0.807 22.8
5 25 CSAE o] g3 HAser, % %E g AR
£ 5| THAT T A 19 WEUSG CSAY BWE 2
g .| glste] vl 2=FH(nEA 1: CSA = 1:1, 1:2, 1:3, 1:4)9]
= e sEsdse 2E R4S AzIQd. sZs
> 1 W-g-& DCCl nEA 18 §3IN3] F SEHAE
§os | I I A8 AR W APAR O WS £F
2 o L - $Ed2 98 F49 Wz Ja 2B Yol
1 12 13 14 Yol e VAL & YA oA AzH 1¥
Molar ratio Z 2= 18z} 19] 9kgu¢l DCC, chloroformol} ©f o]

Fig. 4. Ton exchange capacity (IEC) of polymer 2 with
the molar ratio of polymer 1 and chlorosulfonic acid in
sulfonation reactions.

s H}%% 71‘_33"] 1 717} ol Aot 0401;{] A1
YF-NMR spectrumo] 4] T2k W9] trifluorovinyloxy
=3¢ -120.0 (IF, dd, cis-CF=CF), -126.9 (1F, dd,
trans-CF=CF>), -134.7 (IF, dd, cis-CF=CEp)7} A}etA)
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Fig. 5. Sulfonation degree (SD) of polymer 2 with the

molar ratio of polymer 1 and chlorosulfonic acid in sul-

fonation reactions.
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Fig. 6. Water uptake of polymer 2 with the molar ratio
of polymer 1 and chlorosulfonic acid in sulfonation rea-
ctions.
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S Hoth olAL £FEFAY o] ZrisiEA
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Temperature{C)

Fig. 7. Ton conductivity of polymer 2-4 and Nafion 115
at RH 80%.
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