H35% BTH T WL MR 2 AR Vol. 35 No. 7
2020 £ 7 H Journal of Inorganic Materials Jul., 2020

X E%HS: 1000-324X(2020)07-0769-12 DOI: 10.15541/jim20190433

SHERERGIERMAEBRESRTRINA

N TN 2w, — 3 3 s |\ 3 gk | 4
AR, BEET, MRS, BWHE, 2KE°, HFH, =HA

(1. FRKRF FREFR, REENEFLE4EELELEATET, LT 100084; 2. HRELEIAKRY HEH

FLHIRFR, R 210044; 3. FHREKF HHFR, LR 100084; 4. FEAFER FHAMERS IR,

PHEANEMIELEZERET, F5 266101)

OB AT EORMIFRER AR, 0 o AU SOR AR B4R . B2 LA 4% (SCs) B L A E o FE AL 2 )
T e ag, AR UMM, BRI, TR TR B R R E . PR R PR TR . PR E

SCs 7= il 2 fifs B WU K FF 70 2 5 FARAPRME Y SCs B BB i o7, Rt — IR Hk R ki, &R E
HUEZE(MOFs)VE B AL SCs kA KL, B MBIFLIELS . KILRTB . M R4 al 41 5 Bk ae
SR ER, R E RIS SE T T2 . ARCEE A SCs B RENLEE, /M43 T 5 Hi MOFs 45 il & &
S HLH, HE— D EER T IE SCs UM R BT SEms, HAUSRIR T AR SCs AU BT ST RERE, JF R T IR
A SR ETTI .

X i@: MOFs; SHVE; HHADR,; e Bkl ik

HESES: 0614, 0646  CHERFRIRAD: A

Application of Conductive Metal Organic Frameworks in Supercapacitors

LI Zehui', TAN Meijuan®, ZHENG Yuanhao®, LUO Yuyang’, JING Qiushi’, JIANG Jingkun', LI Mingjie*

(1. State Key Joint Laboratory of Environment Simulation and Pollution Control, School of Environment, Tsinghua University,

Beijing 100084, China; 2. School of Environmental Science and Engineering, Nanjing University of Information Science and

Technology, Nanjing 210044, China; 3. School of Materials Science and Engineering, Tsinghua University, Beijing 100084,

China; 4. CAS Key Laboratory of Bio-based Materials, Qingdao Institute of Biomass Energy and Bioprocess Technology, Chi-

nese Academy of Sciences, Qingdao 266101, China)

Abstract: With continuous development of electronics, the requirements for power supply systems are increasing.
Supercapacitors (SCs), which have high energy density and excellent power output performance, are ideal power
supplies for new generation of miniaturized, intelligent and wearable electronic devices. Thus, developing SCs with
fast charge-discharge speed and high stability is a key research topic in the field of energy storage. As the most im-
portant part of SCs, electrode materials are critical to its performance. Due to the excellent performances of
high-ordered pore structure, large specific surface area, diverse morphologies and dimensions, and adjustable con-
ductivity, conductive metal-organic frameworks (MOFs) materials have shown great potential as promising SCs
electrode materials, and have attracted wide attention. This review introduces the structure, conductive mechanism
and preparation methods of conductive MOFs following a short introduction of SCs, describes its design strategy as
SCs electrode materials, reviews the research progress of conductive MOFs in the field of SCs, and prospects its

future application.
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of conductive MOFs to energy storage applications
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Fig. 3 (a) Crystal structure of Cu-CAT viewed along the c-axis; (b) Structure of the solid-state supercapacitor (left) and
photograph of a red light-emitting-diode powered by the three supercapacitors connected in series (right); (c, d) SEM
and photographic images (inset in (d)) of the Cu-CAT NWAs growing on carbon fiber paper; Performance comparison

of (¢)Cu-CAT NWAs and (f) MOF materials, and carbon materials based symmetric solid-state supercapacitors>”’
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Conductivity  Sggr Specific Energy Power

‘ VGraphene

2% 6 frow), HERIARKERZH TR, X
YT REAL ) ADC BCiA{E MOFs 7 Hifig fit 7 i) 7
T RS P A B 1 3 . Wang Z5EPOE T Niv 1,10-0 =
www | Wb (btd)/1,10- 8K e 2, (bid) 1 4,47,4"-5- =15~

ey Cm;g"dmty/( m}f;m—sm) 2,4,6-z§%5ﬁ“:EﬁE§(H3TATB), GRS EZ
Bl 5 nMOF-867 ({145 & nMOFs 1E Hy EL R K] SCs (1 g4 @Eﬁzéﬁm#ﬁMo\F& E1Ag" HT HLHL A R
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Metal Organic ligand MOFs /(S-m’l) /(m2~ gfl) capacitance density density Ref.
Fe 1,3,5-Benzenetricarbox MIL-100 B B 39F-g"! _ _ [35]
ylic acid (H;BT)C
Co Polyethylene glycol Co-MOF-71 B B 206.76 F-g ! 7.18 Wh-kg ™' B [36]
(PEG)
Co  Benzendicarboxylic Co-BDC B 9.09 131.8F-g'  20.7Whkg'  3880W-kg' [25]
(BDC) acid
Co 2,6-Naphthalenedicarbo ~ Co-NDC B 2029 1473 F-g' 231 Whkg' 5490 W-kg! [25]
xylic (NDC) acid
Co 44-Biphenyldicarboxylic =~ Co-BPDC B 13835 1792F-g'  314Whkg' 5640 W-kg' [25]
(BPDC) acid
Ni Isonicotinic acid Ni-MOF - 148 634 F-g! - - [37]
Ni Salicylate ion 1D Ni-MOF - 186.8 1698 F-g ! - - [38]
Ni  p-Benzenedicarboxylic =~ Ni-MOF-24 B - 1127 F-g'  19.17Whkg' 1750 W-kg'  [39]
acid (PTA)
Ni  1,3,5-Benzenetricarbox Nis(btc), 12H,0 B - 726 F-g' 16.5Wh-kg' 2078 W-kg'  [40]
ylic (btc) acid (H;BT)C
Ni  9,10-Anthracenedicarb Ni-DMOF-ADC _ 783 552F-¢g" _ _ [41]
oxylic acid (ADC)
Ni  2,3,6,7,10,11-Hexaimin  Ni;(HITP), >5000 630 111 F-g! B B [30]
otriphenylene (HITP)
Zn 4,4-Biphenyldicarboxy Zng(BPC)(L);- a 3 23F-g! 1.9 Wh-kg™' 3W-kg! [42]
lic acid (H,BPC) 9DMF
Zn  p-Phenylenediamine Zn-(pPDA)MOF  0.1~1.05 200.86 F-g”' 628 Wh'kg™' 4500 W-kg™'  [43]
(pPDA)
Cd  2,5-Thiophenedicarbox Cdy(TDC),(L),: a B 22F-g"! 2.1 Whkg™ 33Wkg!' [42]
ylic acid (H,TDC) 2H,0
Zr 2,2’-Bipyridine-5,5’-dic nMOF-867 B _ 5.085mF-cm? 6.04x 1.097 W-em g [44]
arboxylate (BPYDC) 107 Whrem ™,
Zn, Ni p-Benzenedicarboxylic Zn-doped _ _ 1620 F-g ' 27.56 Wh-kg ' 1750 W-kg ' [45]
acid (PTA) Ni-MOF
Co, Zn Benzendicarboxylic Co8-MOF-5 _ 2900 049 F-g"' _ _ [46]
acid
Zn,Zr  Terephthalic acid HP-Ui0-66 - - 849 F-g”! 32 Whkg™' 240 W-kg' [47]
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Fig. 8 (a) Illustration of the synthesis methodology for polyaniline-ZIF-67 on carbon cloth; (b) Areal capacitances of
the PANI-ZIF-67-CC and other electrode materials; (c-f) Schematic illustrations of PANI-ZIF-67-CC flexible solid-state

SC device; (g) Photograph of a red light-emitting-diode (LED) powered by the three SCs connected in series
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