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Abstract Metal-organic framework (MOF) plays an important role in gas separation, energy storage, catalysis and
other fields due to its excellent surface area, numerous active sites, adjustable pore size range and flexible framework
structure. In recent years, the use of MOF materials with high surface area, permanent pores and inherent redox
active sites as electrode materials for supercapacitors has attracted close attention from researchers. This paper starts
with the application research of MOF in the field of supercapacitors, introduces the effects of their properties and
structures on the electrochemical properties of supercapacitors emphatically, and elaborates the research progress of
MOF property regulation and structure design. First of all, the conductivity of MOF is a key performance that affects
the energy density and power density of supercapacitors, and the special structure of the material directly affects the

conductivity. Secondly, the abundant active sites and adjustable pore size of MOF create conditions for its
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improvement of electrical conductivity. In addition, the structural stability of MOF is closely related to the cycling
performance of supercapacitors. The construction of stable structure is an important prerequisite for enhancing the
cycling performance of supercapacitors. Finally, the future research of MOF in the field of supercapacitors is
prospected. The structure regulation is still an important research direction in this field.

Keywords Metal-organic framework ; Supercapacitor; Electrical conductivity ; Stability; Structural regulation
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Fig.2 Molecular structure of Ni,(HITP),(A)" structure of Fe,(BDT),(B), (Fe—N—N—) . chains as
the presumed charge transport pathways in material(C)"*, schematic illustration of the in situ
growth of M,[CuPc¢(NH),] on carbon cloth(D)*”

(A) Copyright 2016, Springer Nature; (B, C) Copyright 2018, American Chemical Society; (D) Copyright 2021,

American Chemical Society.
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Fig. 3 Partial structures(A, B) and different coordination environments in inorganic secondary building
units(C—E) of Zn,[Ni(dbg),] crystal®
(A) Along the c-axis; (B) perpendicular to the c-axis; (C) Mn,[Ni(dbg),l; (D) Zn,[Ni(dbg),; (E) Cd,[Ni(dbg),].
Copyright 2020, Wiley-VCH. .
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Fig. 4 Structure of Co-CAT-1(A)"?", chemical structure and schematic diagram of the nanosheet(B)™*
and schematic diagram of Cu,(BTC), and TCNQ molecules(C)"“*
(A) Copyright 2012, American Chemical Society; (B) Copyright 2013, American Chemical Society; (C) Copyright
2013, American Association for the Advancement of Science.
WFE A, e U 4 B S IR = 8] B B0 AN T DLk B4 T MOF Hhl 7451 i H iy . 2015
4F, Long 55“7E MOF g | ABA AR s G ) TCHLAA ML, 158 TIZIR R T PIRML G Y 7E R
T PRI PR 225, DASGX R 22 S 5 PR [R] C A SR A0l S S ARG LU DG 3 . 45
R, IREM SIS HESE AT | BEVEFN S F40 AT A M . 20 TAER VIR & M S I RE
AP = MOF R LG A, FEUT AN B — 2 R sty TS RE Sy . 2021 4%, v REE4AE LU
RGN 2,5- R 5EX K0 (DHBQ) (DHBQ™™ ) A LA, Fe* 2y 4@ vl , ik fa] 5 09 7K AR e s
I, A BT 5L =2 MOF (NBu,) ,Fe, (DHBQ) ;. DHBQ #l Fe™ Hi.ts 22 ] () ar-d 340 5 25 #o ff ik T
(NBu,),Fe,(DHBQ), N AL F-BKER , 705~ A B4 F o 5 38804 0] 7 FL 7 AR AT RS, AT S 30 17 s ) P
(o) (1. 07 mS/em). Z TAEXIT & T RERHHARFIAEAE R T HL MOF AR R A HE 8 T 2 X
B 7 BRI R G740, U Se AR RS AGE 1 AR 2 1 s (R4 AL 2 AL 33 7 AR R L R
MOF BPEHEE 1) 1% 5 642 5 MOF B 1 TARTIR G R i

Chem. J. Chinese Universities, 2024, 45(2), 20230450 20230450(5/15)



. P4 s Kkhaus g

:l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ZE51EA
Table1 Summary of some conductive MOF in recent years
Conductive mechanism MOF Ligand Method a/(S+em™) Ref.
Through-space Zn, (TTFTB) TRTS 5.0x107* [49]
HOOC,
. Co,(TTFTB) O O coon 2-Probe sc 1.5x107
* - s, s
l- u |— Mn,(TTFTB) Pl 2-Probe sc 9x107°
N S
B At Demar A Cdz(TTFTB) O O 2-Probe sc 2.9x107*
HOOC O0H
La,(TTFTB), 2-Probe pellet 2.5x107° [50]
Mn(dea),[ TTF(py), ], J 4 2-Probepellet  63x10°  [51]
S, S
Mn(N,)[TTF(py),](ClO,) A 2= § 2-Probe pellet 1.5x107°
MnCL[TTF(py),] & L 2-Probe pellet  2x107°

2-Probe pellet 8.2x107* [52]
2-Probe pellet 8.0x107*

2-Probe pellet 0.053

2-Probe pellet 0.010

La,, (HOTP)
Nd,, (HOTP)
Ho,, (HOTP)
Yb,, (HOTP)

Cu,( HOTP), Ho, " 4-Probe film 0.29 [53]
Cu,(HOTP) (THQ) No:q]:. 2-Probe pellet 0.3 [54]
Through-bond Cul Cu(pdy), ] M=Cu, Ni — 6x107 [55]
= = CalNi(pdo), ] E:: :)ASI:B 2-Probepellet  2.6x10°  [56]
g ponse  Accepir - oo 2-Probe pellet 8.3x10°%—  [57]
Cu,(BTC), Hooc@\mo“ 5 3x10-1!
Co,(AnBHB) vdP pellet 4x1078 [58]
Mg,(AnBHB) ® vdP pellet 5%107
Mn,(AnBHB) 0O vdP pellet 3x107
Ni,(AnBHB) O vdP pellet 4x1077
Zn,(AnBHB) i vdP pellet 6x1078

2 RBEM
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o s S PVIE B T AL Y8 Fe,—O— K ¥ 4 MOF 1] LU i Na-1, Hi ith P (4 22 AL W0 V5 i, LA 384 5
Na-L HL L E A RRETE . AL, XA M BT DAY R BIH B &8 -1 H i, A7E/KiEs i 2 M Zn-1, Hi i rh
WAl AR IE AT, WEIH TR A E M . R 4l MOF (9 S MR MG, BRI T A F A0 e 251
fig, B, XF MOF 5B M EE G WIS R E A . Yamauchi 552 FH 5 L (1) SR ILRE (PPy) 4
VE R DR B 20 (ZIF-67) Ji A A K A ELIRAEZR [ [ 5(A) FI(B) |, R4S ZIF-67 b #5 AT AFAEANEA
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10000 RAGFH e LA EEZEN 90. 7% K 5(E) | 258 70 S8 B4 =i L HL 2B i [ ) e RAr R 47 A 77 31
Rk, AHNSEBRN A Bt , eI E AR YA e — 2 e

Amir 5B Niy (HITP ), VE R i M sl b ), i 2 LUk IR (EPD) il 28 T 5L i I B e P 1
AR, HAE 100000 RGN G HRF I H A I LA ERR, S MOF $24 1324 A 1 fe i (A6 37
FREME. FET MOF (X R A AR 7E O~1. 1 VSRR ST R, RIS 15. 69 mF/em® AR FLHLZE,
XS H AT IR HGE 1 MOF i e ZE . PL S M Ak RR 2200 ) F EPD 2 B2 | {2 THE RS A
FEL A BT HE) 4 MOF 242K 5 A & Niy (HITP), K ELZRTRIAR, TR = e 1 vl e 2 R 320 2 TR R
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Fig.5 Schematic diagram of the synthesis of ZIF-67(A), schematic diagram of the synthesis of ZIF-PPy
nanosheets(B) ™, schematic diagram of the synthesis of Cu-MOF(C), schematic diagram of the
synthesis of Cu-MOF/rGO(D)™, comparison of cycling performance of PPy, ZIF-67 and ZIF -
PPy-2 at a current density of 20 A/g(E)", the cycling performance of Cu-MOF/rGO-GCE(glass
carbon electrode) for 5000 cycles at 15 A/g(F)™
(F) The picture at the bottom right is the beginning and last 10 cycles of the Cu-MOF/rGO-GCE electrode.

(A, B, E) Copyright 2017, American Chemical Society; (C, D, F) Copyright 2022, Elsevier B. V.
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HLVER) vGO IR IRIVE R, BEASHZ AR B U S5 i B i e e, FLAE A RS B LR ARG . 3R A e 1k
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WFIE R B, 2R E T 2 G L B b Ak 2= g A, AE 5000 YR G I8 5 2 B 4 0 19 L H 4
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bkt DIARAS L A MR

W4 MOF B 52 2L . pH A . HURSEAIEREm , 765 5 i Ak SO )i AR e B e M
AR A, SR R T, (AT, MOF f9 5 A Ry B PE e 4RI T ) — 43848,
7512 B A R FAT i S L P 4 G AR E TiLCLT, B T i SR AL B P A L 42 Ni/Co-MOF, il
BAFEN T oy 2S5 H 0 S oAb v . R AE ) B SR HE 5 T A S P A T R D A A A T AR, DRAIE T &
HL 2 S5 H R E T, 3R T MXene RO T BEIE 0T, /e — @ FEE B3R e T HfbAtERe . ikl
U, MOF BN ATEBE = B Ak 2 PERE A IRl -t BB AR B RS e PR B Ak T RE . IR HL, Bl MOF & & A1k RN
A B B, MOF FeuE M 223K — 40 At AE 2 b A5 28 e

3 &

B E, BRAlEE R MOF (- R M ARUE MR AR . 7E B SO 28 M RE DAL p o 2 iR
T 2 R AR B IR R RCR | TEA i i AEPERE . 76 H R4 B o S YRR e PR R,
AT LA sl e PERE A FIrkclE . MO X HE 28 RE A B TH AT LU A I B F MOF HLA (TS PEALAS L L
T FUAFLEEAE . (AR i 5 — Jr T THE R SR T By 7 S 25 . 8, MOF BfA iy R~
S TEROR B ZEK G, X R AR BRI 2 (1) BRI RSIARI T 2 878 2 G AL
(2) BERIARBIE S B L BRI 1, SEUEYEZE . R MOF fEf8 75 0 R FIG R 55 2 . e R mi AR
GEFA T AALAR B AT MR 3, FE40 Tk B S BRA BRI H] , B TR vh i B2 15 Ky s
PERE LA AR RE BT (572
3.1 MOF ##HE AL =

MOF 5 #2549 45 6 WA 0] LR 2 (TG i, BOR i — B BAsR 2 25 1 TAE R RE,
MOF 7 FL 7525 4 ) i B LT 2 mT e . RIS S5 FIRI Ni, Co A4 @ DR RIVERT , il % T R fb2e
PERBIE S AR AL . 33724 Frg YA =7 FL 25 075 25 T 1X PR 42 J8 X 1 Ha b R RE AN 28544 () el it NG 5
43 AT LA G i AR 2506 1, 1T Co B AT LARR G HL fr 55 B8 1 HL BHL AR s A 1, e S e s e oy
F) 4 BB AL I RAE E, W& B A MG 2 LA O S S S, e 8 B RERA
AR T WA S A SRS I Y R 42 2

A ERARAE N 4 R B T Ze RIS T VB B LI 1 LA S i A R (Ze-MOF) VAR A B L 2 2
(HLICs) B 25 BIARABE . T Ze-MOF AR S AR E Ve . RAFAISS G . T8 BTSN 24~
BT B T 0 b i FLFLIE , 855 £ 19 Ze-MOFIE P56 HLICs HA 122.5 Wh/kg f112. 5 kW/kg
) /5 BB 1 % B N R 5 B, HLZE 2000 mA/g L% BE R 1. 0~4. 0 VI HL R B 1R, FF¥R 72 1000
WG, ABRORRE 86% M RFF 2 . Jih, L TAEIR VIS TRFIFRFNES XS MR HLZS | SR A T
s, BIASTRIFR NS DL E T MOF HE S S [RIE H07 i (1 B R R, B 21 Lini& PSP Bl 4
AR T PR 2H 43 7T DL e — 2B 1458 MOF FEAR 9 FELAL A PERE . 2 0F 5 S MOF e L2545 b i 1 R vE T
— BT, SRAN T R IR R L A AR 2 RN PERE 2205 . Yu B Sl AR IO, FERE AR K
IHE AT, LA 49K BRI 2, BEMLAM 6 (0 = 4E 9K N T2, FF8ETE N 3 1 A i TR R
b AT 2 RN R Ni-Co-Mn 3 MOF (NCM-based MOF ) , O it 44 K 235 4y (o LA A St 14 B
PETATARZS B (5 mA/em® U JE T, PRI TE AR 0 1311, 4 pA-h/em®) [KI6(A)~(C) 1. BEAF, W2
YRR AT S5 F4 () B TR R AIE 0 5 2 8 A0 P67 s A5 I AT O R A FL e i A7 BB 7, BDBLUZE NCM & MOF
(R it REAE A O R i, 5 B o TR R AT R 09 T X e 4 J DT (N7, Co T Min) 3 ) SR AR S Ak 2
PRV . A RHIE S AR SR A P BE | A A RE PR RE LA S T P RE IR I AERE T, gtk

Chem. J. Chinese Universities, 2024, 45(2), 20230450 20230450(8/15)
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Fig. 6 Single-step growth process of dual-layered NCM-based MOF on Ni foam(A—C)'*", the layer-by-
layer growth of Cu,(HHTP), film on the functionalized substrate(D)"", growth process of Cu,(TCPP)
MOF film on dielectric substrate(E), schematic diagram of preparing wafer - scale 2D Cu,(TCPP)
MOF film(F), schematic diagram of the coordination reaction between TCPP and Cu*(G)™
(A—C) Copyright 2020, Springer; (D) Copyright 2020, Wiley-VCH; (E—G) Copyright 2020, Wiley-VCH.
— ARSI R 53 T2 B MOF ZEAKZ5 1 LU Tl BB B A 2 0F 5
IEA, Chen 555 SR I 24 BE1AE Lay Sty MO, il a5 1 JERERTIE | 5 BE4E f HLE i 4k S
MOF[ Cu, (HHTP), |5, B RIRE T 48 5 H MOF 7& A i¢ s, T2 v ren [ E 6(D) 1. Kitagawa
57N Cu (HHTP), 1A HHTP ALE S HY Cus (THQ) (THQ=PUREREZRRE) H Y THQ 4145, 413215 1
TOBT R BE T RUC A ) 4 o L8 MOF, Sy g 11 5 SRS L B A A R R R AL T — R R S O &
Lin S Z BAMMMGI A K&, TR T HT 2L SRR IA Y Cu-MOF 7EA BT R (Si0, ., #5540 55) 4
K 2 G R A TR0 TETRR A A i, Sl A R T AR 4 T MOF IR TR R B [ 6 (E)~(G) 1.
B, ZHYa R -AHURESE (2D-MOF ) HA Y4 5] BT 7 s FURR A TR LIl L 2 ARG H mT LA 1

Chem. J. Chinese Universities, 2024, 45(2), 20230450 20230450(9/15)
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TR LR TR, MRy b a2 AT LA 2 sl 3R AT 2 A ia i 2s (1), X o i — B3 nis vk Ak
WAL R, DTG 5 H 25 MR B AR FR B TR L 28 ot . {HUR 2D-MOF MBMIT R AR 2T 2
FEDR A TR) T, QnB )22 2D-MOF (4G BN ZE A TRAEATI R 43 TRIME , ELATE B ] RS AR B2 400K 5 38
it B R A ERAR R AR, A B R B 2 RO AR AR AR T s S B K R
VLRI LR G548 5 i FHR TS MR A B, 900K i B iR R G G 4. DL L[l
M5 2D-MOF B4 BURAFE , ixX 25 /& LU 2D-MOF & J (%) 8528 Jy ] .
3.2 MOF ##i Ltk R EFR

PRI Ay gt B HL A 1o 58 4 B T W AR/ P e B S T b )RR S T B, BT DA s 1 B R TR R 2
A AR AL AR A DL L . U0 Lee 857 45 19 H AT 5 bL 3R 1T BLAY NiCo,0,@Co,0, #4 8} 1] L) £ it
119 F/g ()5 L HLZ5F142. 5 W-h/kg IOREREBFFE . 2017 4E, Chen 255 5@ 33 Co™ 5 Zn> #8730 BU Ni-MOF
F NI, TE S AR5 K I R 8 2™ B R R AR G0 T 350 T B R Ao, NI AL T MOF [ g%
[EI7(A) ] Hil%s IR G 2B -AHUE 2L (M-MOF) £ I AL i s A2z kg, st R, AMUZRHE R A
M ALIAEAE , WA TR LR AR, I LKA RO R} L SR TR A O, S an i F Ak SUZ HL
25 (EDLC) Bz 3. 5 bR es, A AT 720 256 TR & 9 i 25 4% (M-MOF//CNTs-COOHs, MOF #4 ¥} £l
CNTs-COOHs 43 FIE R IEA AT BRI GRAH} ) A4 BR AR M i A48 B S5 36 B 1) p A A2 1) 22 it T

(&Y (B) 300 (€
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Fig.7 Schematic diagram of the synthesis process of M-MOF(A), specific capacity of Co/Ni-MOF, Zn/Ni-
MOF and Ni-MOF at different current densities(B), cycling performance of Co/Ni-MOF, Zn/Ni-
MOF and Ni-MOF at a discharge current density of 10 A/g(C)™, schematic diagram of the synthe-
sis process of CoNi-MOF-74, CoNi-2, CoNi-6 and CoNi-12(D), N, absorption and desorption
isotherms of CoNi-2, CoNi-6 and CoNi-12(E), areal capacitance of CoNi-MOF-74, CoNi-2, CoNi-6
and CoNi-12 at different current densities(F)'®, schematic diagram of the synthesis process of
Co,S;@NiO composites(G), N, absorption and desorption isotherms of Co,S; and Co,S;@NiO(H),
specific capacitances of Co,S;, NiO and Co,S,@NiO at different current densities(I)"™
(A—C) Copyright 2017, the Royal Society of Chemistry; (D—F) Copyright 2022, Wiley-VCH; (G—I) Copyright
2021, Elsevier Inc.
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WG OR , FL A g 2 R O S 0 BE B F (49,5 Weh/kg) FI B K B B (1450 Wike). 115445 3] (1
Co/Ni-MOF, Zn/Ni-MOF FI Ni-MOF [ BET FL R [FI A 535120 404. 5, 367. 1 #1295. 7 m/g, 7E 10 Alg
WMBET, =HHBA M 195. 6, 90. 3F150. 8 mA h/g, Z5RARFRI 514 82. 8%, 56% M137%, iX
2 R BT R LR T AR A S LB A A L R A MR OGN R (R 7(B) AN (C) |, X —#F
FE R VR R R 25 A R T A R RE D 22 BRI T —FOB AR 58 . 2022 4F, AR HEAECUR A
Ni-MOF E Rty , 3 1ok B o7 220 ol 1) 7 il 4t T NiCo-MOF-2. ARHEAG TR A AR 454 , 761 TH
AT, AT AR R B b i e e S A A 5 PR B A T AR X — SR AT LIRS 2 S PR S
5, DLARIME S i i B Y . Ni-MOF 1y HA 5y e R i AR A AT DA — 20 i S 2 b o 72
R IR, X Z AR A SR RE (FE0. 5 Alg IR BF T, HEHLZE M 108. 5 mA < h/g) Fil R
SRR T A

IEIY, BRI PSR B 20 b/ se e ik, B4k PEIRLIRER B 1Y CoNi-MOF-74 754 A AR , il
#ih T EA LR ERE RS A MR 0K A B AT (CoNi-2) | 442K R H 22 M ARCK A% (CoNi-6)
Ak R A 26 0K (CoNi-12) [ 7(D) ], 73X 3 R AR, CoNi-2 Z2 B f5c Kl Fb 2% 1 AR
(208. 8 m¥/g) Fildp = (Y T FL ELHLZE (2 mA/em?® B, THIFRELHLZE 0 16. 3 Flem?) , 7EFLAL2AA#RERE ) )7 I
B E R RS E 7(E)ANF) | M1 & B, 0 H R i AT LA Ay s o S (4 8 22 (0 3 M
MTHE I ZS , FF HARR F CoNi-MOF-74 £ CoNi-2 A 432 22 FLA5F4 AT LI i A S0 B8 1 A0 8. 4
PHUSAE | R BRI . SRS i MOF A7 AR 0 5 2 s il 4% 10 & ELAHIE 21 Co,S, &5 H4 1
NiO 442K 1 H 25 HE SR (Co,S,@NiO) , FK L FHIRAM R 7(G) |, 247F 1 Alg ML % B T MK,
M BIERILH 1627 Flg ML LR Y, IF HALR S R 7252 SR tH 51. 65 W - h/kg B /= it £ 25 Fl
749. 8 Wikg B M2 [ 7(H) A (D) | aZABHIE 5 i e A 25 M g =20 45 F NiO MURR 454,
HORGOK R e w0 =t R AR S I SR B a5, PR T MR R I R T B I (R A
fil, e TR AT . TR BT RAFHL A2 E PR RE A G 2 AR AR AL T —Fh iE
PR, MAK R R R ARy IR T . 25 LTk, MOF R AT AR 4 iir 5o 1 s be e T vl
VIREEHE ZHNE VAL ARG & T A AR S Ik RE , A2 T 8 F TARR AT R
33 MOF#HHFLERNRES T

B T IS PEAL s M LR AL, MOF 1 ZFLRREXT i 250 B PERE A AR KI5, R X7
BLRERE LA AR AL i P O S T RN At e Ao () F R BN 75, LIS MOF AL FLAARBUR A A IR A
WA EE.

20184, Kazemi 23l 1 ¥ 0L —484 B T Co-Mn K MOF, FF4 HW T HL 2585 . S2I645
RFEW, Co-Mn MOF UM HA L I 25418, FES AT i A 1. 318 Flem® IYTHIFR U LAY
(10 mV/s BIFHE ). AL, HUERTERURIFLAR 20 A1 2 HE TS PR AL RHEE FEL AT A2 At 0 FH R A PR A DB DR 3%
N, A B - JBE BRI B, Co-Mn MOF A5 £k IV RIZEIR 2R, 748 IH s f 5 38, g5 h & A
fL. BRI RN 15. 8 mYg, KE/LAR/NT 20 nm, FLIAFIHR 0. 19 em’lg, FHXERAFLIA
FEUA HLA7 T L - 7E MOF FEAR AT BHE SE rp i A BB SR AL T AH 2 R ZS [0] . 2020 4F, RORE-AE7 42
H T —Fh LT MOF BEE (MIL-100-Fe ) A FLAEG R A TRUBA A (14) 1 45 SR %, A8 A0CHE 6 17 Vs G - G 30 s o
PR Z | KB LA ROOT Z2 FLA AL A 42 il 55 A e a5 . AT 1 S 4%t MOF B BT R4, SR J5 4] & La i
MIL-100-Fe BEHL BT YRR (MOG-La-Fe ) i1 784 , 2458 T LA B LaFeO, 44 K kL[ €] 8(A) 1. H
FRTIRARAE X S LB T 3, AT MR R B SR i 2548, HAE 1 A/g I HR R E A F A
241. 3 F/g LS, BIMHAE 20 A/g R HUIRZ BE T, 2SRRI IREF 68%. [AIA, 2B XTFRAEB M HLZS
AN 18 VST BAE 11, 75900 Wikg TR ZEE T, I KEEE L K 34 W-h/kg, FF H.5000 XA
WG A ORRF R 92. 2%, A T 5CATHoE M Bk B AR B RL, 528 5 MOF it AE A8 AL AR Y . 1%
TR I -BE R B AR A AL 2E 24 510 5 MOF B 1) Z LR LS S e — , A2 ALk B9 i
A A RIFRE T — 40 iR 12 .
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Fig. 8 Schematic diagram of the synthesis of perovskite LaFeO, using MOF gel(A)"”, schematic diagram
of the synthesis of HPF/C and HPC based on NaCl-assisted MOF gel templates(B)"“", schematic

diagram of preparation of BTCC(C)"™
(A) Copyright 2020, Elsevier B. V. ; (B) Copyright 2021, Elsevier B. V. ; (C) Copyright 2021, Elsevier Inc.

2021 4, Ding 550 Y T — A FH NaCl 4 B 9 MOF SRV S 25 #4  1a) BAR LA il £ 43 0 2 F LB ¢
HLZS AR T 73 . 3 4556 NaCl BRI | 4BeRE &7 NaCl (1) MOF S eAEAR L K K Pt A 25 ok
NaCl, 153 7 HA E il FLAE 43 A (kB HPF/CLEI 8(B) 1. 16 1 A/g WYL LR, %R AT 184. 1
mA -h/g(602. 3 F/g) (155 HL 28, 33X 200 B F 58 10 B 74 B A2 A0 il FLBR R 2 B AR i B
BEL. 2R 255 1) 4 S TR A M O 25 3 A6 TR 0 600 Wikg B, AT 30. 6 W eh/kg i A % %, JIF
HAE 10000 IG5 25 B AR R R 86. 5%, WESE T HAESCPRI A A AT 471 . 2% 0F 58 R MOF &8 i
FKIETEER A BT3P Z AL 2R g b RHR L T —Flogr B . 202248, R 5 % ™l — B iie kA
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TS PRI BRI Zn-MOF, F0KHAE R ZFLA R AT IR, R HE R mFL (1464 m¥/g) Fil
EWFLAE RS (3.9 nm) , #15 BTCC HL AR 24 T & 09 L 8 F e i g SRR e [ I’ 8 (C) 1. b Ak,
2 25 1 % PR R 2 L 25 2% 11 mol/L Na,SO,IC F1 C16 mol/L KOHIC [ RE 5t 585 1543 51 4 22. 4 F1 13,7 W - h/kg
FE20 Alg 5514, 225 10000 TEFR 5, i AR FE 75 40 I FEL S LR B 350311 80. 0% F1 89. 4%. %5
P T — R E U MOF & 512, ] B35 BRI MOF A AR AR A, HAT B89 Tl v P 7

MOF [ FLEEHE 23 E A I LA 28 T B AR T e R R, AR 56T B IR ) F i h X — U
B, R AE ST AR KRR EBe T LR . 20224, Heinke %738 13 LA R FLAR K/
MOF #1 K}, & IFLAE RSTX TR T AEGORFLR T T 1R A 3 S A2, Xt R T L2
FRibERE . AT IEEH, ANFLER MOF X} B FBHARE A, FIFH B I A BeRIE L fLE , =B AR R
TR, A SR A E I ZEILIR . T RFLEE MOF 14 85 72 [a]AH B FELASVE F /N, 3 HaX Rl 2% S 7e
0. 2 nm A AT R 2 XHE AT R 7 A AR BT 1 DX, sk (A5 BH BH B 6l 2 LB B 1A% AT S W R A
*E.

4 RHES5REE

M MOF FIZER LR &, H SO AR B R i 25 2 Sl i W FIBFSY , 275 0F T MOF ()3
2 REVELA SO VAL o PR TR FLAR /NS5 235 ) o) 0 20 L 25 i P T 2 R BB 1A 5 i B o P e
H1F MOF T 5L BRARES A, (A5 MOF S HLATT A= W 76 68 9 i 75 AU LA T R AT 9 7 1 /0 R )
KRR, — T, BRI LR 38 B LA S35 R 22 AT ML a5 A5 L MOF Sk 3t Fir ] 46 1)
HU DR E TS SR M SR ORI B Z TG S S, N K T e B MR . 55—
167, HF MOF Z5f B4R K, BILAS THLF5685, BT DA T PR REAR 22, 3 SOl i R 2 Y B 2
JEE RNy R B B 3G . PR, Al s B W AL R T L R R BRI AR 2R s, HHAE
A S5 1 F P B R P T2 R 2 1) MOF Z5 A 475K 2 H TR 1) — ROMERST . ke, XoF MOF 254 () 1 4%
AL T AT 2 (1) AT LA MOF fFLAR H %, 8 2 36 AR R AP i B AR o 16 i — R AR TF]
() A EEE AL MOF AR, BRI 6 & A MOF ST A — 5 FLAR , anfdi FH R0 . =1
IR = 2RI AR L, B 5| A—NH,, —CH, 255 REFIXS UK BEF 78 M6 . JCIS & U 9 T i 25 8
() MOF, i 17 A 1 MOF 2544, 207 MOF fFLAR AR —FMEA SN ik . (2) J8# MOFHEZR [
HERE . P7E MOF A4 FE R LA 5t 8 55 AR F TS5 M RIFLERES , 4R Zs k] LU B T A& St in
WERRAR, IR R 2, T eSS A AT Bh T ol s E L N B %

H AT, MOF L T8 % i 25 Ak g i o B A b e, (B p P )i, R BFIE 0 H%
15 RAE IR B, NSRS 2B Bl Ak . Tl ARAKAR sEii Pk iR . B DFSE AR A, B fESR (R
T

A

DEFIH RE ST L MOF 4 B i 9 L 25 e 2 ABERIIT 576 1) SEBR I L I R TR i S FH R R s
& % x #
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