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Scheme 1 Chemical structures of m-SPP-co-PAEK 3CN x(x represents the ion exchange capacity of the polymer)
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133, 2,5- S AR N3 -RA TR M (SBIT) $2 BEOSCHR[ 17 ] 758 e Fee n9iaGR o i & 23 4l , A 2o i e
7 NE/
1.2 g1 BH &

$e 4-FA"-FREE R (11,6 g,50 mmol ) \2-95-6-H AN (7. 7 g,51 mmol) FIFKIRHH (7.6 g,
55 mol) A F| 150 mL ) DMAc Hr, T 150 CHI N SIRIAAFT L 12 ho SRRSO IRV AD , i f3]
A 500 mL 7K H A A AT o BRERUE K VE, B TR A 167 ¢ HARhEA L, 150%6:92.0%
"H NMR (500 MHz,CDCl,),6:7.83(d,2H,J=10.0 Hz),7.75(d,2H,J=10.0 Hz) ,7.49 ~7.45 (m,
3H),7.14(d,2H,J=10.0 Hz) ,6.76 (d,1H,J=10.0 Hz) ,6.69(d,1H,/=10.0 Hz) ,3.98 (s,3H) ;
“C NMR(125 MHz, CDCl;),86:194.2,163.0,159.2,138.8,135.8,134.8,133.3,132.4,131.3,118.7,
113.0,110.6,106.5,95.0,56. 5;ESMS:386.2(M + Na) *
12,1 fhk 2 941 & ¥ B DRI A 1(16.3 ¢,45 mmol) FA#E 200 mL iy 5 H ket
N, SORAPTT, 1) SOWAR Z A8 I = TRALEY 25 mL, SRS T RO 12 h, SR 54 SO i i 2] AS00 mL
koK b A G E AT U8, T A3 BAR™=9 15.1 g, 7% 96.5% . 'H NMR (500 MHz,CDCl, ) ,
5:7.84(d,2H,J=10.0 Hz) ,7.75(d.2H,J =10.0 Hz) .7.48(d,2H,J =10.0 Hz) ,7.38(1.1H) 7. 15(d,
2H,J=10.0 Hz) ,6.79(d,1H,J =10.0 Hz),6.54(d,1H,J =10.0 Hz) ; *C NMR (125 MHz, DMSO-d, ) ,
5:194.5,160.2,159.4,158.7,139.1,135.7,134.9,133.3,132.5,131. 4, 128.8,118.8, 113. 1, 111.7,
110.1,93. 5;ESMS:372. 0(M +Na) * .
1.2.2 AR 3 094 & Brfalfk 2(13.96 ¢,40 mmol) 2,6- "G AN (2. 78 ¢,20 mmol ) Ak iR 41
(6.1 g,44 mmol) % T 100 mL ) DMAc 1, F 150 “CHI N, SLRIP AT, SO 12 b, SR 55 SOW v 1)
Y, FHEELA 500 mL K B L ETIE, 08, B2 T, 2 E 0 Biia 3 13.8 ¢ HFRAUE R
A3, 7%%86.6% , '"H NMR (500 MHz,CDCl,) ,5:7.88(d,4H,J=10.0 Hz) ,7.77(d,4H,J =10.0 Hz) ,
7.61(t,1H),7.54 (t,2H),7.49(d,4H,J=10.0 Hz),7.23(d,4H,J=10.0 Hz) ,6.93 (d,2H, J =
10.0 Hz) ,6.85 ~ 6.82 (m,4H); °C NMR ( 125 MHz, CDCl;),68:194.0,160.0, 158.7,139.1,135.7,
135.2,135.1, 134.0, 132.5, 131.3, 128.8, 119.2, 114.9, 114.0, 113. 4, 111. 8, 98. 1; ESMS. 820. 1
(M+Na) ",
1.2.3 R4 m-SPP-co-PAEK 3CN x #9414  LLIEC N 1. 75 BB A WA NG N, SRR 451, 1
TR0 = E i (100 mL) # 1# 33 g A NiBr, (0. 156 g,0.71 mmol) , PPh, (1.30 g,5.00 mmol ) 1 Zn
(2.56 g,40.00 mmol) , Fifi J5 #1614 ) DMAc (20 mL) I AR S PR &R 2 b HULBERFE T, n#k =
85 °C, SRJ5 PR UM AU HifA 3(2. 39 g,3. 00 mmol ) Fl SBIT(2. 46 g,7.00 mmol) , 7E LI, 44k
JNE 12 he SR 5P DMAc (10 mL) Fi e, i 38 o TR GWRENE B SO AE]A 300 mL (1) 1 mol/L [
IR D o RIETR RN LF AR RS W, T CBERUSIE UG, A T, 775 92.5%
1.3 [RryH &S HRERIE
13,1 JEagal & B REWEH U R E0h 8% i) DMAc W, FEBRAR I iU, T 80 °C ALAf
Hm# 8 h, 78 120 CAMF N, B T4 12 hy S5 1 mol/ L AR RV IR 24 b, 58 U 1554, FH 2%
BT RTURRG  BE R B T KPR T o MR SR B TRIAE 40 ~ 55 pm ZJH]
1.3.2 dege kA B REERREAE b, 7E 100 C HA T4 10 h RfEEH, B3 T AN E m M ER
Ly SR I5 B AR AN R) I 2 Y 25 B 7K b DR 45 4 b, FHUB AR PR T 22T B Aok, A7 3l B 19 o
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Swelling ratio/% = L l_d 4 % 100 (2)
B s g (TEC) FHRRFS 2 A A T B IBEAE 1 mol/L B FR VS W Hh 36 48 h, Ui, DA A

FOKERBOR , R R T EZRIRIR , A2 T SRIEK 0.2 ¢ TARESWIA 0. 1 mol/L ) NaCl 37
W24 h LU (R H 5 Na ™ 158580 304, A BKVEFS 2~ 7], B 0. 1 mol/L NaOH 7K 1% i 477
E LT V mL NaOH /Kis# . = (3) 8 IEC,

0. 1Vy,01

IEC(mmol/g) = 0.2 (3)
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Scheme 2 Synthetic routes for monomer 3 and m-SPP-co-PAEK 3CN x
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BT SRR 1 ~2 550k 3 iR LR =0
Fig. 1 'H NMRspectra of key intermediate 1, 2 and monomer 3
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2.2 RAVHIESRIE

A _E A il 6 (8 U AR 3 VRS DR 2 18R ) i B T L SR ) m-SPP-co-PAEK 3CN w, il £
TS IIC[20], G RN R T 92% o Lh m-SPP-co-PAEK 3CN 1.75 S fil, 1546, FIHLAMERE
XA T T RAE, WK 24 JACk 2235 em ™R FUREIE AT (1 R A5 FEAE I, 1572 om ™' AL (115 5 e )
TEIRHE 1) A 45 iR By e, T 1206 1 1028 em ™" A i1 45 5 e g T 1R ik AT £ 6 R RLAS X {1 4 4 2l
g% [ 2B g m-SPP-co-PAEK 3CN 1. 75 [AZREILIREUS , T4 15 5 1) 5 2L BB IR R AE AL 2 1 7
VI o A0, il 4 SR s TR, W DMAc, N, N-—F 5 Bt (DME) (V- F 35 mg de il
(NMP) A1 — F B VA (DMSO) 48, I /R 1 R4 I BUIRRE ) o 13 B RYI ARG E(E 0. 98 ~1. 06 dL/g 2
[ (1) IZRIRG YR I TEC (H5 520 TEC (HARHIT (3R 1) , IXSERRHR 7870 R W] 1 2R S Y
IR BEAT 435 T B RRL RSP0

4 v (CN) 0 (CO) Ua(SO:H) 5
2235 1572

©

E m-SPP-co-PEAK 3CN 1.75

g

E

g monomer 3 _“l
F

w monomer 4
1 1 1 1 1 " 1 i 1 " 1 " 1 i 1 i 1 L
3500 2500 1500 500 10.0 9.0 8.0 7.0
g/cm! 5

K2 m-SPP-co-PAEK 3CN 1.75 JE{GLT SN (A) 5 BiiAk 3 4 Fil m-SPP-co-PAEK 3CN 1.75 Al 345 S0
(¥%7) : DMSO-d,, ) (B)

Fig.2 FT-IR spectrum of m-SPP-co-PAEK 3CN 1. 75 membrane (A); 'H NMRspectra of monomers 3, 4 and
m-SPP-co-PAEK 3CN 1.75 membrane (solvent; DMSO-d; ) (B)

®1 EEYROME.JECE WEARTRE(T,) A EEX R

Table 1 Inherent viscosity, IEC value, glass-transition temperature(7,) and mechanical property of polymers

Sample 7/ (dLeg . ) IFC/( mequiv ‘g ) Tg/OC Tensile | Young's ' Elongation |
Theoretical ~ Experimental® strength/MPa®  modulus/GPa®  at break/%
SPP-co-PAEK MO 2.33¢ 1.19 2.17 2.12 192.6 26.3 0.28 30
m-SPP-co-PAEK 1. 80° 1.10 1.80 1.81 192.8 45.2 1.27 30
m-SPP-co-PAEK3CN 1.75 0.98 1.75 1.72 259.5 90.2 1.57 16
m-SPP-co-PAEK3CN 2. 16 1.06 2.16 2.13 262.6 96.8 1.86 11

a. Inherent viscosity measured at a concentration of 0.5 g/dL in DMAc at 30 °C; b. IEC from titration; c. samples were dried at ambient

conditions for one day and tested at 30 C , 50% Relative Humidity; d. previously reported and added for comparison'?* ;

[21]

e. previously reported
and added for comparison"~'- .

2.3 RIQEMEMSFERE

it N, U AR AT (TCA) KAl B RS Wy AR E M, Wi 3 s A m-SPP-co-PAEK
3CN 1.75 Jgfl SRy 7 3 PR B AR 50 1 DB B AR T 135 CIP AR B2 TR
B AR AR K LR RS W R B B A LI R 5 28 2 BB 308 C ZiAy , TRy v A 6k AT 1) e fie /2
T A B B A E Y 2 BN 5 2 3 [ B, 2L R T 500 SC N, SR M) AR BRI AR IR . LA,
M T2 REEEA G LA JAR R G W EEB iz sk A i e sz 2], 2R T2 TR AW s L
ASRE (T,) 152 W AR &, 5K 1 7R o m-SPP-co-PAEK 3CN 1. 75 5 m-SPP-co-PAEK 1. 80 A FHZE{
(1 IEC (L FIAL 22 2540 (R AT 19 T, (259.5 C) i T IR & (192.8 C) o XELIREK M, m-SPP-co-
PAEK 3CN 1. 75 BA7 R4F I HIFRENE o
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HA R AT 72 R BT 28 B RS2 6 2 ARt
A R ZE AT A5 1. 3R 1 i, B il A B 1Y
FrA5R EE IR E] 90. 2 ~96. 8 MPa 4 [RfhE o 1. 57 ~
1.86 GPa, Wi 2 fli K 2= 11% ~ 16% , 5 SPP-co-
PAEK MO 2. 33 (IEC =2. 12) ™ Fim-SPP-co-PAEK1. 80
AH L, m-SPP-co-PAEK 3CN x ' 7 Hy B 4 5 1) 7 24
e XIHEFREWHK 7 Bty h 24~ L A A
51 REESE I Z 8] RIS A S e S A 2

Mass / %

S S N 4 e T Ot N | | 1 1 1 !

A F R B P 84, 0 T 458 38 2 0 e 0 4 P B T TR e
jj j; j( R Temperature/ °C

2.4 WkRGEMEMEMEEE B3 N, UK T, m-SPP-co-PAEK 3CN 1.75 ) #4

7 K R KR TR TS o TR R ek
ﬁ%l@ﬁﬁﬁﬁ%ﬂ@%ﬁﬂ@o i’[ﬂﬁp\]gﬂgﬁﬁﬁﬁg%yj( Fig. 3 TGA curve of m-SPP-co-PAEK 3CN 1.75
Or T A TR BRI N R T e 5 fH R 24k & it membrane under nitrogen atmosphere
i i, 2 SR A I, T S BB R R
PEAE 22 A B J1 2 R REAL o DRI, X5 TR T S8 BB R R, 42 S0 24 1 MK AR R R 43 BB,
2 iR, EAS 5 TEC {HRTHE T, SPP-co-PAEK MO 2. 33 (IEC =2. 12) " 1 m-SPP-co-PAEK 3CN 2. 16
FALL, J5 P AR A MK R AR o L HUR AR AT (80 °C) 414 R, SPP-co-PAEK MO 2. 33
W 7K 2 553k 80. 2% |, Tif m-SPP-co-PAEK 3CN 2. 16 ) /K ZAY K 29. 7% . m-SPP-co-PAEK 1.80 5
m-SPP-co-PAEK 3CN 1. 75 AL, — 3 B EA HY 1 TEC {4 RN A AL 2 254 , (55 2 A W 7k 5 s
KR BAR TR o X Leg R Ui, A YIHK B b 5 | AR, AMURES B MRS
W ER R I M R T L F 0 3 8 0 a5 AT 134 A R S B 58 5 0 14 W A 7 B 1 R R 4T 3k
— A T

AR E M BTN R A B AR RE M T B 25—, E B R R B b 1 iy . AR SR
FhJ7 %) m-SPP-co-PAEK 3CN w JIE ) S8 AL B4 i PR HEAT MY, 45 U035 2 i a) # T- 28 MR 1
80 C1fy Fenton's (Jfi it 5341 3% H,0,,2 x 10 ~° mol/L FeSO, ) ik {745 1 h, B4 L-T- B 1478
b, B R R G TE 99.0% LU b b) BT 28 19 BRI 7E 25 °C % Fenton’s ( 5 & 4> %k 30% H, 0,
3 x 10 7 mol/L FeSO, ) i H , 43130 7% 5 T ff 0l 4 Py st 1) 152 4 AR AT P I 55 S 55 0 R 2 A 1
5§ SPP-co-PAEK MO 2. 33"/ Lt ,m-SPP-co-PAEK 3CN o [IE T 1 94 i 1 58 A JA i F ] 1] 27 W B AE 4 1
R Il 52 56 77 139 2 W] m-SPP-co-PAEK 3CN x R ¥ R4 W HA RIFH AR E M. X T RERZ R
m-SPP-co-PAEK 3CN x 2251 4y 5 HAT FH T 4506 116 W 7 3 035 T 256 B A 280 1 BEL L S A 300 3 AT 1Y
T, PEMT AR T 2UR A R BRI 55 LR

K2 BEBE5Y m-SPP-co-PAEK 3CN x By /K R TR KR
Table 2 Water uptake, and swelling ratio of m-SPP-co-PAEK 3CN x

Oxidative stability/% Water uptake/% Swelling ratio/ %
Sample (RW)* £ (h)? 5 (h) 30 C 80 C 30 C 80 C
SPP-co-PAEK MO 2. 33¢ - 9 27 35.1° 80.2 28.3¢ 37.2
m-SPP-co-PAEK 1. 807 98.8 - - 22.1 27.1 22.6 27.3
m-SPP-co-PAEK 3CN 1.75 >99.0 44 180 18.5 24.3 15.8 20.6
m-SPP-co-PAEK 3CN 2. 16 >99.0 31 135 21.6 29.7 22.9 28.2

a. Residue after treatment with Fenton's reagent (mass fraction 3% H, 0, aqueous solution containing 2 x 10 ~® mol/L FeSO, ) at 80 °C for
1 h; b.¢, and £, refer to the elapsed times at which the membranes started to dissolve and dissolved completely in the solution( mass fraction 30%
H, 0, aqueous solution containing 3 x 10 ™3 mol/L FeSO,) at 25 °C, respectively; c. previously reported and added for comparison'?’;

d. previously reported and added for comparison'?'! ; e. our unpublished results.
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2.5 RFESEMPESER

T R SRR H P BRI BE P R U PP BT A A B RE I SR, — I
OUN A BB T s 7 (IEC) IR SY, @ AR B35, B2, Bm ) IEC (i %
2G| R G YIS B, FE 2 T K TP R U RE . B IS B R Y i R A ) R X
I B v B B Gk BOR LR Y, S ARAT R AP RO RRE P | o1 L 38 1) SO S48 JE A R A A% 18 O 2
TRAR, HCH SR AL) I P 34 S T Y 1 AR e . A SCR T SBIT 58U LA 3 78 Ni(0) fifu ik 4%
R 18 T 8 i Be L B Y m-SPP-co-PAEK 3CN x, 323 43551 Hi T m-SPP-co-PAEK 3CN «x JIE7E 30
180 CHIFTFHRSEZER, 30 CLMH T ,SPP-co-PAEK MO 2.33(IEC =2. 12) 5 m-SPP-co-PAEK 3CN 2. 16
HAMYHFE TR SR, 55 60. 1 mS/cm, [7E 80 C 44T, m-SPP-co-PAEK 3CN 2. 16 i T 5%
AP T HiT 3% 2 g m-SPP-co-PAEK 3CN 2. 16 JREGEF4 vhf7 7645 UL S A0 Pk A A AH B AL 38
B WEE )iz B0 32 B, 2 0 AR K 3R . B BT SR R AT (E O S ) RO R
X Tl AR R R L (MEA) #5Ch A F]

%3 m-SPP-co-PAEK 3CN x HRFHREX HPESBERMEFEERY
Table 3 Proton conductivity, methanol permeability and selectivity parameter of m-SPP-co-PAEK 3CN x

Sample Proton conductivity®/(mS+cm ™!’ Methanol permeability Selectivity parameter
30 C 80 C 1077/ (em’+s71)" 10*/(S+s-em~?)
SPP-co-PAEK MO 2. 33¢ 62.0 153.1 7.20 8.6
m-SPP-co-PAEK 1.80¢ 41.5 96.2 4.18 9.9
m-SPP-co-PAEK 3CN 1.75 43.3 110.6 1.65 26.2
m-SPP-co-PAEK 3CN 2. 16 60. 1 138.7 2.38 25.3

a. Measured under 100% relative humidity environment; b. at 25 °C; c. previously reported and added for comparison!®! ; d. previously

reported and added for comparison?'] .

2 i M 5 S (R RO K SR B UIAR G , — A 00 T, TR K R, F B e IR0 /b o IE T, m-SPP-
co-PAEK 3CN x [ L H o SPP-co-PAEK MO 2. 33 [ m-SPP-co-PAEK 1. 80 I o {1 ) /1 235 i Mk
R ZRLZEL 65 x 1077 em’/s, [t Nafion 117 JEAR— 2% (2. 40 x 10 ™% em’/s) , 5 LK 3, F
PR FREAER G EK i Beg | A2 U, (R R G Wk i /E T 03 Kk R G Wik iz 3l 52 B, DA
AR L F RSy T2 05 . SR R EGE E T VP00 5 3 #e B5E A 0T 1% Sk 5 BB R, Tl Y
EFAE TR (o) SHEBE R (DK) (W HE o/DK £33, W3 3, 458 B IR, m-SPP-co-PAEK 3CN x JI[1)
VEPEME R B BARTE . B2, m-SPP-co-PAEK 3CN v JEE 0 H 4 8 19 5 HL 73R IR Y 98 a8 1 LA e
e S A BT 1R PR ZR N, SN e R 340 A Ak (%) I 2 R T [ 52 o o FH 19 B 42 PR AR e ol ot i (A i 22
1) 52 B AR A

3 45 i

DI AL B SRAAR 3 F 2, 5- G R A3 - R ER B A Skt R NG (O) f A ARG 52 g i) 4 1 i B Ak
B BT S AR MR B m-SPP-co-PAEK 3CN x, T m-SPP-co-PAEK 3CN x I A T 5 4] 22 (7] B 2
Fe A5 R v 3 P 22 [ e ) R D o A I B T IR A W K S 0 Y i i ME e o X o 2o 4 ol
TREESE ARG W B K R B0 3 A PSR B 3, ANAURT DA 3 i 0 SR B W R ORI PR R A 7 0
P, 1M HLA BEAE A AR TR N B e B i 1 o A e AU BHL B 25 0T - A 4 BB A B A 25 A B TR AL T
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Preparation and Characterization of Sulfonated
Poly ( p-phenylene-co-aryl ether ketone)
for Proton Exchange Membranes

BI Weihui*’, ZHENG Jifu’, ZHANG Suobo"**
(“Key Laboratory of Polymer Ecomaterials ,Changchun Institute of Applied
Chemistry , Chinese Academy of Sciences , Changchun 130022 , China
" University of Chinese Academy of Sciences , Beijing ,100049 , China;
“ Jiangsu National Synergetic Innovation Center for Advanced Materials( SICAM ) , Nanjing ,211816 , China )

Abstract A novel monomer was designed and synthesized, in which the cyano groups were distributed on
three benzene rings linked by meta ether linkages. Then using this monomer and 2,5-dichloro-3’-
sulfobenzophenone as raw materials, a series of novel micro-block copolymer proton exchange membranes
(middle length-sulfonated polyphenylene-co-poly aryl ether ketone 3CN ( m-SPP-co-PAEK 3CN x), «
represents the ion exchange capacity of the polymer) was prepared by nickel (0 ) catalyzed coupling
copolymerization. The experimental results show that these membranes exhibit low water uptake and swelling
ratio as well as methanol permeability under similar ion exchange capacity. As the ion exchange capacity is
equal to 2. 16 and the temperature is 80 °C , the water uptake and swelling ratio of m-SPP-co-PAEK 3CN 2. 16
are 29. 7% and 28. 2% , respectively, while the water uptake and swelling ratio of SPP-co-PAEK MO 2. 33 are
80.2% and 37.2% , respectively. At 25 °C, the methanol permeability of the two membranes is 2. 38 and
7.20, respectively. The good dimensional stability of the as-synthesized membrane can be attributed to the
introduction of the polar-CN groups into the skeleton. With these properties, the prepared membranes are
promising proton exchange membrane materials in fuel cell applications.

Keywords sulfonated poly ( p-phenylene-co-aryl ether ketone ) s; proton exchange membranes; microblock ;

swelling ratio ; methanol permeability
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