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Abstract: A proton exchange membrane fuel cell (PEMFC) is a clean and efficient energy conversion device. Proton
exchange membrane, as an important component of a PEMFC, can selectively permit the transfer of protons. However, high
cost and poor stability against high temperature of proton exchange membranes restrict their practical applications in wide
temperature range. Metal organic framework (MOF) materials are widely applied in catalytic and adsorption fields due to
their facile synthesis, robust structures and high specific surface areas. In recent years, it has been revealed that a few
MOF materials with high proton conductivity and low cost are deemed as potential alternatives for proton exchange
membranes. Herein, the synthesis, chemical stability, proton conductivity and mechanism of MOF materials are discussed
based on organic ligands (carboxylate, phosphonate, sulfonate, etc.) and guest molecules (imidazole, ammonium ion,

etc.). The development prospect, future challenges and feasible strategies of the conductive MOF materials are also

proposed.
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Fig.1 Schematic fuel cell™
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Fig. 2 Proton conduction process
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Table 1 Structural characteristics and proton conductivity of the MOFs of different organic ligands

EERINEES BB AHLIES 4k JiF HL S 4E/(S - em ™) 275 3CHik
[Fe(ox)(H,0),] 1D 1.30x107(25 °C,40%~95%RH) [43]
[La,(ox),(H,0),]-4H,0 2D 3.35x107(95 °C, 100%RH) [44]
[Er,(0x),(H,0),]+ 12H,0 3D 1.76 x10°(90 C, 100%RH) [44]
LaCr(ox),- 10H,0 1D 1.00x107(25 C,40%~95%RH) [45]
FLIRER /R R R LaCo(ox),* 10H,0 1D 1.00x107(25 °C,40%~95%RH) [45]
LaRu(ox), 10H,0 2D 3.00x107%(25 C,40%~95%RH) [45]
LaLa(ox), - 10H,0 2D 3.00x107%(25 “C,40%~95%RH) [45]
LaCo(ox), 10H,0 2D 1.00x107°(25 °C,40%~95%RH) [45]
MOF-801 3D 1.88x107(25 °C,98%RH) [46]
7r,0,(OH)(p-BDC), 3D 6.93x107%(65 “C,95%RH) [47]
I Mg(p-BDC)(PyOH) 3D 8.30><10_'(’(90 ‘C,90%RH) [48]
[[Zn(2-MBIm)o-BDC)H,0)]-2H,0], 1D 1.00x107(25 “C, 100%RH) [49]
[Cu(H,LYDMF),], 1D 3.46x107(95 °C,95%RH) [50]
— [Cu(p-IPhHIDC)], 2D 1.15x107(100 °C,98%RH) [51]
{Na[CA(MIDC)]}, 3D 1.04x107(100 °C,98%RH) [52]
[Li,(HPA)(H,0),]-H,0 1D 1.10x1074(24 °C,98%RH) [53]
Na,(HHPAYH,0), 3D 5.60x107(24 °C,98%RH) [53]
K,(HHPA)Y(H,0), 3D 1.30x107(24 °C,98%RI) [53]
BEmR: Cs(H,HPA) 3D 3.50x107(24 °C,98%RH) [53]
[Ca,(H,PiPhtA),(H,PiPhtA X H,0),]- 5H,0 3D 5.70x107(24 °C,98%RH) [54]
MgH,ODTMP-6H,0 3D 1.60x107(19 C, 100%RH) [55]
Zr(PO,)H,(L),+2H,0 2D 1.00x107(140 °C,95%RH) [56]
— BUT-8 3D 1.27x107(80 “C, 100%RH) [57]
Ui0-66-S0,H — 3.40x107'(80 °C,98%RH) 58]

a (NH,),(Hyadp)[Zn,(ox);] * 3H,0143]

8%

.

¢ [Ery(ox)5(H,0),] » 12H,00#41 d LaCr(ox); * 10H,0143]
3 EEEH MOF # R BE g REw

Fig.3 Schematic crystal structure of oxalate MOF material'

I GRS, W BT R MOF B 28 1 = i LA Zr 2 Hhts B 111 UiO-66 3 ELA 555 1 45
R4 FResE P A R SCHRIIE Ui0-66 HAT RAF A 55

43-45]



<100 -+ ﬁ'\/"?"é? ,?, ﬁt'«ﬁ

% 44 £

B, 5 R Schaate 25 LR U F R A HLED
T, & BRAE A B Ui0-66 F L FE H il A—JC R IR 25448
T Ui0-66 1) 2 1 AL, 5] B 45 i ARk i ok B e 1
Taylor A1 A7 38 1 1 4 4 & 5 e A4 (9 B2 7K b (43 51
}6:6,6:4,6:3), 57 Ui0-66 i F S4Bt 1) Bt
[ X6} o 5 B R A5 IR . Ui0—66 e A3 B [ 7% 2 &
W 4 FT7R o B B B TR B 1 lewis 2 o7 o £ 1L
HATALKA AT s BT+, B L% R R AL B ik
FRURIHETINMIE TN . 7F 65 “CH195% FXHRE (RH) 4%
R, 53 6. 93107 Slem, 45 F W, 3@ 1 5
MOF A4k A PR P 35 P AT LB 5 4000 1 e B, DA T 42
15 MOF Y BT+ L 5 %8

e
e AR
¢ Right view

b ERE

b Front view

] \
a ZERLA

a Left view
B4 UiO-66 B AL ERfHERE
Fig. 4 Coordination defects of UiO-66"*"]

Shalini 25 2$% & i Mg (p—BDC) (PyOH ) 2 31
1 Cs,CO W o dl A 73 M7, B & PyOH H By &8 43
Ji 4% Cs B G, RS OB MOF 4544 i1+
S 8. 3x10° S/em #EF ] 1. 6x107 S/em.

Saravanabharathi 25" ffi Fj /K #hk  #& H T
[[Zn(2-MeBIm) (0-BDC) (H,0) ]2H,0],. HA~EFE
FHA — A B SrF A KT, LT A 1Y
K FHRUNZ RS, B F 3% 1. 0107 S/em,

30 3 F P B0 I 1) HKUST—1' i lic 57 7K 431
HA R MIRYE, LI & B+ H 3% Singha
A" 53 3IB% 25 { [Mg(4,4'~bpde) (H,0), ]+ (H,0) | i
BEAAIK 53 —F F A% 7K 2+, R I BT HL 5 R KR
R ARG, BT b 4F B (1 AR A% K 2 F 02 i U . Zhu
PR L B Z A BB R s A 3
Fha @AY 4. Hlcu(H,L) (DMF), ], BSR4
BEECARA 2B B B, SRR AR A i R 5 A
DMF 53 T8 i S0 5 9 4%, 3R L BT 2 1 ot 715 ik
T2, i I il 12 — 8 i T AR 19 i 25 0 SE X T A%
BAHELZEN.
2.3 BRMEERFHLAE

WK W8 SR 3-S5 A v A 2 Tl R 19 LT
FPEIME G, K R R Y 1 B R RS
TXF 2 HARILYE, ZUR 19 f %% B RE A, (X
MR LA LS IR A2 TR b %

3 A MOF 25 (i Ta] B b, 32 i AORHAY 5T - 1
TR FEKME L AT b 5] AR W7 R A Y A B IR
S| ZFP ke R TR BT A9, W] FAE & B MOF
MOBH A HLECAAR . Li A 5 X 1 28 P A4 4
TREMIE . BFSERI SR IR SEAT A I A
HLEL IR Y MOF ¥ HAT KA iy #vRee M K R LA
KT SR,

[ Cu(p—IPhHIDC) |, FA KM FN 1 A4S F2 JEF 2 14
Cu™ FHE B B A K AP H—COOH H: A1) —
e R M4, 25 2 Z A EAE A AR I
H A — B R E I BRI , A F) T 5 B W Fff
() 7K T8 B & B P 2%, DT 48 = Bl T L J R fE
100 °C,98%RH 45T, H 4344 1. 51107 S/em,
2.4 BEERELEIEM

ot i T A Py T 57 A =2 R 58 O 1) TC A2 BB ) T
AP Z BEAFBEWER SRR AIESR, B S
KEHHAFNZEMOF H 1L , 43 ) I R TG 88 5 2 0 i
S A AR E PR AR RS E P X e T 4 B B Y
WS I R mR Eh BE P ZEAR pH S5 08 T 3873 KL 1A i
TALE 5] AR F RE R B4 [ A 07 U Y g
A A B RCH BT H AR

DL 22 BE IR Ik 2.2 (H,HPA ) F1 4 R 43 )& (Li,
Na,K,Cs) ~ it} Bazaga—Garcia LIS A2 AR MOF
(Li-HPA, Na-HPA, K-HPA #il Cs—HPA) ., Li-HPA
WY LS PAT LR B2, BER 52 A WK, BT UR A
i fii /K 4> F . Na—HPA,K-HPA 5 Li-HPA R[], &
TR 0Tk 1% JBt 2 TR P A4, PRI it P—OH FTC 37 7K
Gy F R TR, FEI B Y LR Li-HPA 1Y
B F B 5% 1. 1x107™ S/em, Na—HPA 4y 5. 6x10°
S/em, K-HPA 2 1. 3107 S/em, Cs—HPA Bt v 7K 43
T H A& K oy F D iR R AR, O 3.5%107
Slem, 25 FEFRM , 74 L2 1 S5 I 28 (9 48 X T A7 3%
1) JoT 17 T L B Al G o B - iR B T Oy
T3 8h % A B i & s LABE A7 7K 4 F . P—OH Fil—
COOH L 137 i T-JE ) Ca—PiPhtA . HAFAE FE i 7K
G310 — 258 8, O A A T A 4%
Colodrero %54 B, Mg(H,ODTMP) -2H,0-0. SDMF 5 ,
PEAT R AN KA, 345 Mg(H,ODTMP) -6H,0, i iA
rh KR 1Y R K S AR 3 BT 46 i P—OH 1 NH,'
TR V2 W ESE A A HERIZ% . Donnadio 2574 Wl
Zr,(PO,)H(Ly) -2H,0. FE A S %4 fih , (15 )2 N A1
JZ 18] #RAFAE SR W 4% . —COOH F1 P—OH %545 N
Ji AR R EE e 2 R b, B WA T AR
Sk
2.5 WEERIREVERGE

B R - R MR AR AR 5 05 i R R R IR 25 A PLIC



% 8 27 )

L5 R A B WUAE R T IR R AT R R 2 - 101 -

TRISARL, B LA S5 M WP 58S A B FH A (T 7
T AR RE . FRIR R IO A P J2 R R S AR P
e SN WA o L Y A 0l o 3
J& B - 22 () AT RE Y LA A4 IR X, o fili A iR 3 8
MOF #1 8} ] LIRS ZFh 254 . ehb i b i i
it 1122 35 %5 7K 43 0 2% FLVE FH S A R F i1 1
e,

Yang 557 e 15— Ffb 2 Ra o HL25 0 R 0E 1 4
JEBAHLE 4L BUT-8(Cr) o % B2 A 1R (—SO,H) FE
G — 438 18 F TH LA T 15 =, BUT-8(Cr)
FEATRI R PR T A 38 N, LU IR BT 1% 5
s . BUT-8(Cr) 7E 100%RH 1 80 “C& 4T
HA 1.27x107" S/em 1 5 BT L 58 . LAk, Yang
455 | —S0,H, —2COOH, —NH, Fil—Br 55 A 6] B
fie A& i Ui0-66, HH 1 Ui0-66-SO,H F1 Ui0-66—-
2COOH R I e 1 Jot 4% S ¢, 2300 o 0. 34
107,0. 10107 S/em, 38 33 PHE B Fil o A4, 15
1 Ui0-66-S0,H F1 Ui0-66-2COOH ) 7K 43 7 W ft
4 Ui0-66-NH, Fl UiO-66-Br i) 2 £ . & YK 1ot
SERRGE T K> F MOF Z [l (A AR {5
XA LB R T D

Zhang 25 7L 1, 4-28 — H R L (1, 4-BDMS)
FIN-4,4"-BEIEIE (4, 4" -bipy) VE RS FAK S5 Cu™
il £ th ZFLE5H 1 MOF A8, HAT 37. 2% MY i AL
Bl X SR AR A X% MOF 20T 48R T

HEZR HR A B 1) 4 TR A MLECR . Al AR A A B0
il B il — A% B K HES TE S 454, It BLAF AR
FY Fh A 1 S PR o] BIMJE BC 7 1) ™ et o RS
LN R Al i N et 4 e g L VAN TR R
PEE 2B S, 16 90 °CL,98%RH 414 M 1. 23x
10™ S/em.
2.6 NG

AT HN T AN R FP 24 HLECAR & B MOF Ji
TSR

PR ZE A fRT PR T A D KRR VAT 05 R
RIRER M ZHE I Bl TAEAE p—p L 8, 34
Foe M FUK RS e e s PRI ML AR R 7 B 1
N—H §# 5 T i 25 , 7] FH AL B AE 2R 25 44, 3 ik Bt
BRI Y C—H 8, 7T LS| AR IR IL A & i £
FEM MOF M4 86} ; R ER 1A HLECIAR , 07 B 58 , $4
R PR AV 0 0 T AL TR 5 B R L A 45
¥ 55 55 B W R TR BE A1 25 0L, —SO,H I & 45 5 it
BT DR S P (H IR e M 22 7R S IR S o
fifp R E BN

3 EBEESFHRFESHIERIE

FAR ] HAZIE TR MOF M 25 R FL PR, 42
ML I 4 ol S R 485, X R T AL Sl AR
o ARIZARS> T MOF 145 ¥ B AE AR 1 g G 2R
W22,

*2 AEEESFMOFHEGHFEMRFRSE

Table 2 Structural characteristics and proton conductivity of different guest molecule MOF
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AI(OH)1,4-ndc) 3D 2.20x107(25 °C,99%RH) [76]
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LTS
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