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Abstract
During the last two decades, metal-organic frameworks (MOFs) have been drawn attention due to their high specific surface
area, porosity, and catalytic activities that allow to use in many applications such as sensor, catalysis, energy storage, etc.
To synthesize MOFs hydrothermal or solvothermal method were generally used. However, these methods require high-cost
equipment and long time-spend for the synthesis with multi-step process. In contrast, electrochemical synthesis has been con-
sidered as a simple and easy process under the ambient conditions. In this review, we described the mechanism of electro-
chemical MOFs synthesis by the number of configured electrodes system, with the recent reports of various applications.
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Figure 1. Schematic diagram of the metal-organic framework synthesis
process of (a) hydrothermal - solvothermal and (b) electrochemical
method.
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Table 1. Electrochemical Synthesis of Metal-organic Framework Reported in Recent 5 Years
Metal-organic Anode or Cathode or Reference Linker Solvents Application Ref
framework  working electrode counter electrode electrode (organic ligand) pp '
HKUST-1 Cu-mesh Cu plates - H;BTC H;O + EtOH + MTBS MeOH vapor 5,
adsorption
HKUST-1 Cu mesh Cu plates - H;BTC EtOH + MeOH + DMSO - [38]
HKUST-1 Cu nanowires Cu - H;BTC H,O + EtOH + MTBS - [39]
H,O + EtOH + MeOH + N, adsorption-
HKUST-1 Cu plate Cu plate - H;BTC TBATFB + DMF desorption [40]
HKUST-1 Cu plate Cu plate - H;BTC H,O + EtOH +MTBS ORR catalysis [54]
HKUST-1 Cu slice Carbon rod - H;BTC H,O + EtOH + PTA - [58]
HKUST-1 Cu plate Cu plate - H;BTC H,O + EtOH - [59]
H,O + MeOH + EtOH +
HKUST-1 Cu mesh Cu sheet - H;BTC ACN + DMF + DMSO - [60]
HKUST-1 ITO glass Pt slice SCE H;BTC H,O + EtOH + TBAP - [61]
N, adsorption-
Cus(BTC), Cu plate Cu plate - H;BTC EtOH + TBATFB desorption [57]
Cu3(BTC), Cu Cu - H;BTC EtOH + TBATFB CO,/N, separation  [62]
CU(NO3)2 + 3H,O + Et;NHCI +
Cu-BTC GCE - - H;BTC DMF + EtOH BPA sensor [50]
SWCNTs
Cu-BTC modified GCE - - H;BTC Cu(NO3), * 3H,O + EtsNHCI + DMF Glucose sensor [51]
Cu-MOF Cu rod Pt wire Pt wire Oxalic acid NaOH + H,O - [63]
. . Ni(NOs) * 6H,0 + Fe(NOs); - 9H,O + .
Fe/Ni-MOF Ni foam Pt plate - H;BTC MTBS + DMF OER catalysis [52]
. . . Ag/AgCl .
Ni;(BTC), Ni foam Ni foam 3 M KCl) H;BTC H,O + EtOH +MTBS HER catalysis [64]
Ni-MOF Ni foam Pt mesh - H;BTC NH4F + EtOH + H,O supercapacitor [55]
DMOF-1-Zn Zn metal Zn metal - H,BDC DABCO + LiClO4 + DMF - [65]
Ag/AgCl
MOF-5 FTO glass (eryptand)+ H;BDC DMF + [(NBuy)PF¢] + Zn(NOs), - [41]
MOF-5 Zn tablet Ti sheet - H,BDC DMF + [Zn(NOs), * 6H,0] + ionic liquid photocatalysis [66]
Pt/Pd coated . . propylene/propane
ZIF-8 AAO substrate Graphite paper - 2-MIM Zn(CH;COO), * 2H,0 + H,0 separation [67]
UiO-66-NH, Zr wire Zr wire - NH,-BDC DMF + acetic acid + TABA fluorescence [7]
Co NP deposited . .
Co-MOF Ti-NWA Pt foil SCE 2-MIM DMF Li battery [46]

HKUST: Hong Kong University of Science and Technology, H3BTC: trimesic acid (1,3,5-benzenetricarboxylic acid), EtOH: ethanol, MeOH: methanol, DMSO: dimethyl-sulphoxide,
MTBS: methyltributylammonium methyl-sulfate, DMF: N, N-dimethylformamide, TBATFB: tetrabutylammoniumtetrafluoroborate, ORR: oxygen reduction reaction, PTA: pho-
sphotungstic acid, ACN: acetonitrile, ITO: indium tin oxide, SCE: saturated calomel electrode, TBAP: Tetrabutyl ammonium perchlorate, GCE: glassy carbon electrode, Cu(NO3),
* 3H,0: copper(Il) nitrate trihydrate, BPA: bisphenol A, Et3NHCI: triethylamine hydrochloride, MOF: metal-organic framework, SWCNTs: single-walled carbon nanotubes, HER:
hydrogen evolution reaction, DMOF-1-Zn: [Zny(1,4-BDC),(DABCO)], H,BDC: 1,4-benzenedi carboxylic acid, H3BDC: 1,4-benzendicarboxylic acid, DABCO: 1,4-diazabicyclo-
[2.2.2]octane, FTO: fluorine-doped tin oxide, [(NBug)PFs]: tetrabutylammonium hexafluorophosphate, ionic liquid: 1-butyl-3-methylimidazolium chloride, ZIF: zeolitic imidazolate

framework, AAO: anodic aluminum oxide, 2-MIM: 2-methylimidazole, UiO: University of Oslo, NH,-BDC: 2-aminoterephthalic acid, TABA: tetrabutylammonium bromide, NWA:
nanowire arrays, NP: nanoparticles
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Figure 2. (a) Scheme of two-electrode configuration for the electro-
chemical synthesis of metal-organic framework. (b) Schematic diagram
of electrochemical metal-organic framework synthesis in the two-elec-
trode configuration condition. (c¢) Suggested anodic electrodeposition
synthesis mechanism of metal-organic framework and (i~iv) FE-SEM
images. Reproduced with permission from ref. [38]. Copyright 2016,
the Royal Society of Chemistry.
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Figure 3. Schematic diagram of electrochemical conversion synthesis
mechanism from Cu nanowires to core-shell Cu;(BTC), nanowires.
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Figure 4. (a) Schematic diagram of three-electrode configuration for
the electrochemical synthesis of metal-organic framework and (b)
cathodic electrochemical synthesis towards metal-organic frameworks.
(¢) FE-SEM image of cathodic electrodeposited crystalline MOF-5. Re-
produced with permission from ref. [42]. Copyright 2015, the American
Chemical Society. (d) PXRD patterns of various electrochemically
synthesized MOFs, comparing with calculated XRD pattern of MOF-5.
Reproduced with permission from ref. [42]. Copyright 2015, the Ame-
rican Chemical Society.
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Figure 5. (a) (i) Comparing fluorescence intensity of UiO-66-NH, with
different metal ions. (ii) Fluorescence emission spectra of UiO-66-NH,
from 0 to 1 x 10° mol L’ concentration of Fe*". Reproduced with
permission from ref. [7]. Copyright 2019, the American Chemical So-
ciety. (b) (i) LSV curves, (ii) Tafel plots, and (iii) overall comparison
of various electrochemical deposited (ECD) Ni, Fe based MOFs. Re-
produced with permission from ref. [S52]. Copyright 2016, the American
Chemical Society. (¢) (i) CV and (ii) GCD curves of Ni-MOFs. Re-
produced with permission from ref. [S5]. Copyright 2020, the Institute
of Physics.
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3Rt o]gl o] FatAS Q1% FHulEvt opE} aks gl W
S5 93 SR AMEE Q) Jabarian 152 A7)3kH4 A}
F718md Edw o R 3A¥ HKUST-19] k4 3kl uk-e H s u)
WaFATH54]. Z47ke] W o g $Md% HKUST-19] -2 Ak
Al veRto), d71sketA o2 gdE HKUST-19] 4kx 8¢ w-s
off 3t AF Uyl f718mMd R dAE HKUST-181 54 53
Ho] M7)8e4 P2 =& 7ledE BTl

o|2le = 773 A3A|El(supercapacitor), HIEIZ] 2} o] oUAE A
ZatAY 71A = A U A ds Eelaiur] s [7)8kEA
o2 49 F5 f7] FAAE E4s AF4% FYFAh Cao 2
F& YA Foll Ni-MOFE W7]58ta o= gAfste] 73 7 siAIE
2 ZE3IGtss]. A1k 33 AlRks gElsto] A/dE Ni-MOF
%, | h &<t 499 Ni-MOFE AH-g& we e8dgd® 18=
(cyclic voltammograms) W& o] 7}¢ Zith o]& &3l 1 h < T84
Ni-MOF 2] 778" (capacity)©] 7P Brh= 218 X331 tHFigure
5c-(i)]. FE3E 1 h FoF FAE Ni-MOF= U8 AR woa o] 54
Azt 71 A a1 ¥]- 83K (specific capacity)©] 5.11 Clem*. 2 7F
A = A HFigure Sc-(ii)]. <F 43 Wl 2k wEdS S8l
=% 7] FAAE 9 £ WH | Q)(membrane) 3 E]S] micro-se-
parator= §/J3to] 583131tk Campagnol 15 $F> vrek |9
MIL-100 (Fe) 24 #7] Z4AE A7|gstd o2 dAdstq F7] &
WE-E3} p-hexanes H2|5h= 2O 2 ARSIATNS6]. AAh TF ol
E3tE o] Q1= WEH-E 3 n-hexane©] MIL-100 (Fe)Z 7-J ¥l micro-se-
parators & Z3HA EHA AtiF o ® #A77]7F £ n-hexane©] WA
AEE 1, °F 80 s Fofl wEkEe] HEHE Ag I3 Pizadeh
JElME dr)sEd o R $/d%E HKUST-19] CHEY COE A
g s TN 5 913, gElo] TR Coyell st A Ert
SR 1S Bkl sT].
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Fofol| 243t A7) 58] BaE 1 vk Ar)zeEow &
e R 245 57] A A= Cu-BTCS MOF-5 91572 Ay
o] gANL o]ZH o 2= AF7MA] BuE 1A o]9]e] thaFst FF
9] % 7] AAEE A71sEA] Wis B8l AT S Qdrk 1
Y} 7180l g ARSI Qe E L f718E 34 mAUE
Tz 3] 2ok A9 $ 3 U 92 1A Qe Fe
WA, pH, £, &%=, QU7 A, 3 AIRE )
7} et ook sh= 58 ofglgo] Jlo] thER 55 7] =44
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4 PPN T4 sl diglat 59 o)FdE 7 AL Qle] F
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