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Synthesis and Properties of Sulfonated Poly(arylene ether) for Proton
Exchange Membrane

WANG, Lei™* MENG, Yue-Zhong” GAO, Chun-Mei* ZHU, Guang-Ming"
(“ College of Materials Science and Engineering, Shenzhen University and Shenzhen Key Laboratory of Special Functional
Materials, Shenzhen 518060)
( Institute of Energy & Environment Materials, School of Physics & Engineering, Sun Yat-Sen University,
Guangzhou 510275)
(° Guangzhou Institute of Chemistry, Chinese Academy of Sciences, Guangzhou 510650)

Abstract Novel sulfonated poly(arylene ether) containing triphenyl moieties as polymer electrolytes for
fuel cell application was successfully synthesized. The sulfonic acid function was only attached at the para
positions on the pendant phenyl rings due to the novel sulfonated poly(arylene ether) structures designed.
The sulfonated polymers are very soluble in common organic solvents, such as dimethyl sulfoxide,
N,N-dimethylacetamide, and can be readily cast into tough and smooth films from solutions. The membrane
exhibited very high hydrolytic stability (=7 d) and the polymer is a thermostable polymer with 5% weight
loss temperature of about 362.3 °‘C. The membrane also shows excellent oxidative stabilities in Fenton’s
reagent (2 mg/L FeSO, in 3% H,0,).
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1 SLIGERSY

1.1 FEHRFIAF

AR, 2,6- WA N Aldrich A B, K&
aifb AL, RIR(98%) . LWE. Ak, —
T H(DMSO). N,N-— 5 F it (DMF). N- s e
FA(NMP), W ERIR . ST [ = oy Mt ), 8T
AUAREANIE. FFORAE AT AN 2 T8 24 h, NN-—HIJE
LI (DMACYEFHATH 4 A 105 I r Tt 7.
TE KB RS I 1 7 B AR 200 C R S h.

12 BRER
12.1 ME#4K 1a 6%

% Scheme 1 [F)20 3%, 4 4.24 g (0.04 mol)A4< FH I
14.64 g (0.12 mol) 2,6- — HIELIRI I — A R4
HFEE T 50 mL = IREiR, LL6 g (60%)h B E {1k 771,
FEIIA 20 mL FRAER ). ZURET T, 1S 50~60
CHEFERIR 20 h. AEIR =R, HYPGRFEE, HH
DR R RK P B J LUK, 1380 20 4k,
FA R ZK TR A R &5 P IR, A5 31 T AR 4l ) A
8.49 g, &N 63.9%. M.p.: 159~160 °C, Bl LML 5
i 4E R R "TH NMR (CDCls, 400 MHz) §: 2.178 (s,
12H), 3.821 (s, 2H), 5.292 (s, 1H), 6.709 (s, 4H),

o}

(0} o}
Q O I i CISOgH I I
4o OO = o (O RO
a o, g

: C
H,SO,
(72 Cron = oy
HO OH
1a

B 1 5k 1a 05K

Scheme 1  Synthesis of monomer 1a

7.093~7.284 (m, 5H); MS (70 eV) m/z (%): 39, 65, 77,
91, 127, 152, 165, 181, 255, 317 (100), 332 (M ).
122 1,4-=(4-ARFEI)K 1b 6964

] 250 mL [ = 2EEHE A 28 — RS 40.6 g
(0.20 mol), K 192.0 g (2.00 mol)HIMEHE£E N, 1ty
LA AICL; 66.22 g (0.496 mol), 5=, K5 THER
|75 CLREF4~5h. (=i, A2, KILEA
KEH HCL K, A B aryiedt i, g, 520
FIEA TR A, R 2R (B FH 48— SRR JE 4 1493 40 ]
41.3 g, 7°F N 64.1%. "H NMR (DMSO-d,, 400 MHz) ¢:
7.15~7.24 (d, 4H), 7.81~7.91 (m, 8H); MS (70 eV) m/z
(%): 50, 75, 95, 123 (100), 144, 170, 199, 227, 322 (M").
1.3 SZNFIMBEY 2 ERK

¥ 1 mmol XU E#AA 1a, 1 mmol iHAL — FEEAK 1b,
1.5 mmol JC/KBREREN, S mL FFZKA0 2.5 mL [) DMAc, Ml
AZHgeir. 23R, ThER 140 °C, BiJiHide
NOREF 4 h, ZEHIL R, A ERK, SRR TR
F]170 'C, M 4h. [Tl DMAc Fikt, A5, KL
AN HCL RS, 98, T8 HEE g,
JCE 6 h, REUE, 4R, AR, I8, TR, HA
BURIE A 2, 77N 92.4%. HEFRAEW F: "H NMR
(DMSO-d, 400 MHz) 6: 2.08 (s, 12H, 4CH3), 5.43 (s,
1H, CH), 6.82~6.86 (m, 5H, C¢Hs), 7.06~7.34 (m,
4H, 2C¢H,), 7.75~7.82 (m, 8H, 2CcH,).
1.4 BENFIRBELBRESYUHER

# 1 mmol [FIZEA M 2 INNF] 250 mL ()5 LB,
BN 100 mL — S Ge AT s iR, BT N 6 mL SO R
(1 mol/L)) — % by, BidERN. 5 h, ARG

(0]

3
SOzH

B2 RE5W 2 M

Scheme 2 Sulfonation of polymer 2
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VELEAL, U &R, 10 mL 1E SREEE IR, N
A 10 mL DMSO, $it#F 1~2 h i H%f#, A 40 mL 3
wt% A AN, B 6 h, FEIIA 100 mL 10 vt%
(R ERIR KV, OV 5h AL, B, &

'H NMR (DMSO-ds, 400 MHz) 6: 2.03 (s, 12H),
5.57 (s, 1H), 6.90 (d, J=7.9 Hz, 4H,), 6.99 (s, 4H), 7.17
(d, ’J=7.4 Hz, 2H), 7.57 (d, *J=7.4 Hz, 2H), 7.80~
7.81 (m, 8H). Anal. calcd for (C43H340;S *3H,0),
(748.81),: C 68.91, H 5.34, S 4.27; found: C 68.79, H
5.47,S4.15.

1.5 PEBYHI&

¥ 0.6 g LAWY T 10 mL () DMAc %,
k. JEWOURCE RO, InHE] 60 C AL
A, FREBCARRE S, BRI b, REF 60 CATH
A AEBIFESE, HIR /MO BT, 60 C
(MR 4 h BR EFIAR WA, RJ57E 1 mol-L™
ERER R 24 h, AR . 2R K e LK
B2l 6h, fEELEMA T, 120 C Rk 24 h, £5H]

1.6 TEEERAE
1.6.1  FRA-4p 64 AARHEE (1750n)

7530 CF, MR, ¥ mﬁDMm:?

EYIKRE N 0.5 g/dL. t— ke, A

Ninh = (t tO)/CtO

R Ky dL/g, C=0.5 g/dL, t, KAl e S 2Ok T
FHUNHR], £ U Ny 0.5 g/dL IR SR VA wAE 2 2Ok
T A I H ]

1.6.2  #AE8 7 MM

7 Seiko #H/ZEMIIHT{L(TGA/DTA, 5 SSC/
5200) b HEAT #K EA3 HT(TG), FF b 75 2 SR H (200
mL/min) I\ Z 55 I4AE] 180 °C FHH IR 20 min PARR 25 Wi
(RI7K 5y, ARG IR A 2 i, FTHRFIHI 2 600 C,
FHELEZ A 20 °C/min.

1.6.3  FLEALMEFo LK AR ] X,

P BT AL EAE Fenton’s X057/ H BE1T (Fenton’s ik
FA 3%[F)L B AL E T 2 me/L () FeSOy), # 1 cm KAl
0.2 cm TEMIEALA 80 “C Fenton’s RFAH, HHEMITIR
PR (1) B [0 R A JEC 5 A ) BRF ). B /K A 1, Sl
T%%ﬁ¢fﬂm¢%% TR AZ F 1T B 7] SR RALE
1.6.4 T4 HEemK

K FH W B 925, 4 A0 43 BT 4X (Solartron1255B) 55
1287 A e lE AL SO ZE#E, B/l 1 Hz~1 MHg,
BRI £5 mV. WA TBHSTHE B 5 x F7E s A
(AR T LS HH A FL B R (Q), AR L (cm)

RNAFL 4 (cm?) TS LS R 6 (S/em) (R=L/oA).

2 ZERFE

21 BWUREYIHEN

ARSI T B R, vk G T XU LA
la, SEE SRS BT EE B AR IR R A
2, IR G Y 3 IR IE AR N EE R IR |, iRk
X EBE R /N, T ERAE T A2 $ M 1) A A A e
UK fgFaE . 75 DMAc "l Ei 4 0.58 dL/g HA
BTN, RPGHT S0 FEREREY. X
LEIE 1 KR4 2 71 3 (R LRl I T LA H, 2
A E A 3 TR T, 2 g B IEAE 3 ik
Boh3 6=7.56~7.58 &b, UFBAGEAY SN Ak A A I B
Wb, e R A R PR, B S A
TG — AR I, SN R 2 R, AU R ) KR
U, />R ZK 0] BT AR R S0 SRR, AN T A e S8
LOA 2R, BT UGS 20U SIS 458, 5 ) S 07 Bl — S
B Al AT JCK A T4 24 h LU B 534b, SUBEIR
NN E RS o LM P DR IE R el N A ) R )
A, BCREVAE TES & F L, 5k
i, TR B, e 3 23 (1 Al AR R 2R S P IR B AT b, Al
A TE A

o) O AT

8.0 7.0 6.0 50 20

B1 &Y 2 M3 Kk

Figure 1 'H NMR spectra for polymers 2 and 3



1406 %

Vol. 65,2007

2.2 FEMRERIRIE

B 2 BT, AR A PR 2R G ) A B e T AR 1k,
S%MHRTE N 453.1 °C, TMEEALIER GV S%IH#K
HR 3623 C. B SYA WA PR EIE, 55—
300 CH4R, F 420 CHiR, X ELUEM ISV
FRELAY W, KAZE 450 CA AT HBLE — AN K, X
ESUIPRY Sl e JIPNC
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Figure 2 TGA curves of polymers 2 and 3

PUEEACTENNALE 80 CHJ Fenton’s Bl kAT, M
BAEW 3 1% 1 IEAE 69 min I 4 TFEAZASHE, 119 min ))&
Vi, UEPBATH A AT R AR R E . BUK AR
PEREMNR AR AL 100 C K, 7 d JEHCE, s
BES R FF LA (I E AR RS, R A LA
I 7K e o k.

FITEAGIRE AW 3 4% 1) J00 7 A 480 LA 4 v PR IR K
PE, 80 C RW/KMEIL ] 36.9%. {HHAHIRHAR MR T

SHE, E 80 C, 100%IHAHNTEEE T, WA AR5
HLPE A 43X107° S/em, WAK TR HL I 5T 148 He st T
T B EER(10°7 S/em), DT SR
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