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In this article, we collected the most significant and recent data in
brief in the field of metal organic frameworks oxygen reduction
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papers in the field. We present lists of materials and their key
parameters that are relevant to the cathode catalysts in polymer
electrolyte membrane fuel cells. All the materials listed in this
paper are composed of metal organic frameworks, zeolitic imida-
zolate frameworks, or their derivatives. These are divided into two
main groups: pristine MOFs and MOF-derived materials. The data
in this article is a summary of more extensive review (Gonen and
Elbaz, 2018) [1].
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Specifications Table

Subject area Electrochemistry

More specific subject area  Electrocatalysis; Oxygen Reduction; Fuel Cells

Type of data Tables 1 and 2

How data was acquired Survey of current literature

Data format Summary

Experimental factors Heat treatment temperature, pH, Onset potential, Half-wave potential,
peak power

Experimental features Reported values

Data source location Cited articles

Data accessibility The data is located in several scientific papers [1]. Full details of the

sources can be found in the bibliography.

Value of the data

® The data in here is extensive, and summarizes the activity of some of the most active metal organic
frameworks (MOF) catalysts for oxygen reduction reaction (ORR).

® |t contains the most important catalytic parameters, as well as the conditions and treatments,
therefore can be served as a benchmark for comparison of any new MOFs or other platinum group-
free (PGM-free) ORR catalyst

® The tables distinguish between the two main types of catalysts in this field, pristine MOFs and
MOF-derived catalysts (thermally treated), in order to avoid confusion.

e From the data, researchers can extract influences and trends in fuel cells catalysis, and conclude
which materials have the best potential for their study and applications.

1. Data

See Tables 1 and 2.

2. Experimental design, materials and methods

The onset and half wave potentials (Eonsec and Eqj2) were acquired by rotating disk electrode (RDE)
measurements. RDE is conducted with three electrodes system when the studied material deposited
on a disk working electrode with binder. The maximum power (Ppax) Was acquired by single fuel cell
measurement, in which a catalyst layer is deposited on a membrane to form a membrane electrode
assembly (MEA). Maximum power is the peak power that is calculated from IV measurement.



Table 1

MOF ORR catalysts (supported or pristine).

Acronym Name Support Testing pH Eonset Eq/2 Prax Refs.

CuS@Cu-BTC CuS@Cu-BTC CuS 0.1 M KOH (13) 0.91V vs. RHE - - [2]

MOF(Fe) Fe-BTC SP carbon 0.1 M KOH (13) —0.12V vs. Ag/ - - [3]
AgCl

MOF(Fe/Co) (Fe/Co)-BTC SP carbon 0.1 M KOH (13) —0.13Vvs. Ag/AgCl - - [4]

Cu-BDC-TED Cu-(BDC + triethylene-diamine) Graphene Oxide 0.5M H,S0,4 (0) 0.29V vs. RHE - 110.5mWcm™2 [5]

GO
NPC-4 Cu,(TMBDI)(H,0), rGO 0.1 M phosphate buffer (6) —0.13Vvs. Ag/AgCl - - [6]
Ni-CAT Ni-catecholate framework SP carbon 0.1 M KClO4 and 0.02M PBS - —0.236V vs. Ag/ - [7]
(7) AgCl
Ni-CAT Ni-catecholate framework SP carbon 0.1 M KOH (13) - —0.196 V vs. Ag/ - [7]
AgCl

[Co(bpy)s](N O3), [Co(bipyridine)s;](NO3), Ketjenblack 0.1 M KOH (13) 0.8V vs. RHE - - [8]

Co-OBA Co-Oxybis (benzoic acid) Vulcan XC-72 0.1 M KOH (13) —0.197V vs. Ag/ - - [9]
AgCl

Co/MIL-101(Cr) Co(Cr-BDC) Vulcan XC-72 0.1 M KOH (13) —0.05V vs. Ag/ —0.33V vs. Ag/AgCl [10]
AgCl

Co-MOF Co-benzimidazolate CNTs 0.1 M KOH (13) 0.91V vs. RHE 0.82V vs. RHE - [11]

ZIF-67 Co-methyl-imidazolate pomelo-peel-derived 0.1 M KOH (13) - 0.82V vs. RHE - [12]

carbon
Cu(phen-NO3) Cu(nitrophenanthroline)(BTC) CNTs@TiO, 0.1 M KOH (13) 0.988V vs. RHE 0.805V vs. RHE - [13]
(BTC)

PCN-223-Fe Zrg04(OH)4(Fe(I11)-(TCPP)3) None 0.1 M LiClO4/DMF —0.5V vs NHE —0.56V vs NHE - [14]

Ni;(HITP), Niz(hexaiminotriphenylene), None 0.1 M KOH (13)? 0.82V vs. RHE - - [15,16]

Pt 20%/XC-72 Pt 20%/XC-72 Vulcan XC-72 0.5 M H»S04 (0) 0.9V vs. RHE 0.81V vs. RHE - [17]

@ Active at different pH values as well.
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Table 2

MOEF-derived ORR catalysts (heat treated).
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Acronym Name Heat treatment Testing pH  Eouser Eq2 Pinax Ref.
temperature (°C)
Co-Im Co-Imidazolate 750 0.1MHCIO, 0.83Vvs. 0.68V - [18]
(1) RHE vs. RHE
Fe/Phen/Z8 Fe-phenanthroline/ 1050 (Ar), 950 acid - - 910mWcem™  [19]
ZIF-8 (NH3)
PB Prussian blue 800 01MKOH 095Vvs. 082V - [20]
(13) RHE vs. RHE
Co-MOF Co-BTC 900" 01MKOH 088Vvs. - - [21]
(13) RHE
Fe/IRMOF-3  Fe(Zn-NH,-BDC) 900 01MNaOH 102Vvs. 088V - [22]
(13) RHE vs. RHE
MOF-253 Fe-Al(OH)(bpydc) 900 01MKOH 098Vvs. 084V - [23]
(13)° RHE vs. RHE
Co-TA Co-polyphenol 800 0O1MKOH 098Vvs. - - [24]
(13) RHE
Fe-NH,-MIL-  Fe-NH,-MIL-101 700 0.1 M KOH 099V vs. 0.84V - [25]
101 (13) RHE vs. RHE
Fe-NH,-MIL-  Fe-NH,-MIL-101 700 0.5MH,S0, 092Vvs. 0.67V - [25]
101 (0) RHE vs. RHE
Co3(P04),C-N/ Cos(0sPCH,-NC4H,- 800 01-1M 0968V yvs. 0872V - [26]
rGOA CO3)2 KOH (13- RHE vs. RHE
14)
NiCoTU@NH,- NiCo-thiourea-NH,- 900 01MKOH 094Vvs. 086V 2613 mWcem=—2 [27]
MIL-101(Al) MIL-101(Al) (13) RHE vs. RHE
MIL-101-Fe Fe-aniline-BDC 900 01MKOH 0.058Vvs. - - [28]
(13) Hg/HgO
Fe-ZIF-8 Fe-Zn-mIm 0.1M HCIO, 095V vs. 0.82V - [29]
(1) RHE vs. RHE
Fe-ZIF-8 Fe-Zn-mIm 11050 (Ar) 2.1050 0.1 M HCIO4 0.98Vvs. 0.78V - [30]
(NHs) (1) RHE vs. RHE
Fe-ZIF-8 Fe-Zn-mIm 11050 (Ar) 2.1050 01MKOH 1.05Vvs. 0.87V - [30]
(NH3) (13) RHE vs. RHE
Fe-ZIF-8 Fe-Zn-mim, Fe-Zn-Im 1.1050 (Ar) 2.1050 0.1 M HClO, 091Vvs. 0.778V  668.8mWcm™2 [31]
(NH3) (1) RHE vs. RHE
CoCO-Pz Co- 700 0.5MH,S0, 097Vvs. 0.72V 60 mW cm™2 [32]
pyrazinedicarboxylate (0)° RHE vs. RHE
ZIF-67 Co-mIm 700 01MKOH 097Vvs. 087V - [33]
(13)® RHE vs. RHE
ZIF-67/ZIF-8  Co-mIm/Zn-mIm 900 01MKOH 0982Vvs. 0881V - [34]
(13) RHE vs. RHE
ZIF-67|ZIF-8  Co-mlm/Zn-mIm 850 01MKOH 0992Vvs. 091V - [35]
(13) RHE vs. RHE
ZIF-67 Co-mIm 1.800 (Hy) 2. 250 01MKOH - 0.83V - [36]
(02) (13) vs. RHE
ZIF-67 Co-mIm 900 01MKOH 094Vvs. 08Vvs. - [37]
(13) RHE RHE
S-ZIF-67 Co-mIm-S 700 01MKOH 097Vvs. 09Vvs. - [38]
(13) RHE RHE
S-ZIF-67 Co-mIm-S 700 0.1 M HCIO, 0.9V vs. 0.78V - [39]
(1) RHE vs. RHE
S-ZIF-67 Co-mIm-S 700 01MKOH 098Vvs. 0.88V - [39]
(13) RHE vs. RHE
ZIF-67 Co-mIm 800 01MKOH 0938Vvs. 0869V - [40]
(13) RHE vs. RHE
ZIF-67|ZIF-8  Co-mIm/Zn-mIm 950 01MKOH 1.0V vs. 087V - [41]
(13) RHE vs. RHE
Fe-ZIF-8 Fe-Zn-mIm 950 01MKOH 0975Vvs. 0867V - [42]
(13)° RHE vs. RHE
Fe-ZIF-8 Fe-pyrrole-Zn-mIm 800 01MKOH 096Vvs. 083V - [43]
(13)® RHE vs. RHE
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Table 2 (continued )

Acronym Name Heat treatment Testing pH  Eopset Ei2 Prax Ref.
temperature (°C)

Fe-ZIF-8 Fe-Zn-mIm 950 0.1M HCIO, 095V vs. 0.81V 820mWcm™2  [44]
(1) RHE vs. RHE
Fe-ZIF-8 Fe-Zn-mIm 900 0.5MH,S04 0.861Vvs. 0735V - [45]
(0) RHE vs. RHE
Fe-ZIF-8 Fe-Zn-mIm 1.1050 (Ar) 2. 750  acid - - 603.3mWcm™2 [46]
(NH3)
Pt 20%/XC-72 Pt 20%/XC-72 - 0.5M H,S04 0.9V vs. 081V - [17]

(0) RHE vs. RHE

2 Different temperatures gave similar results.
> Was also measured in other electrolytes.

Acknowledgements

The authors would like to thank the Israeli Ministry of Science and Technology (217-11-025) for
supporting this work.

Transparency document. Supporting information

Transparency document associated with this article can be found in the online version at http://dx.
doi.org/10.1016/j.dib.2018.05.011.

References

[1] Shmuel Gonen, L. Elbaz, Metal organic frameworks as catalysts for oxygen reduction, Curr. Opin. Electrochem. (2018),
http://dx.doi.org/10.1016/j.coelec.2018.03.035.
[2] K. Cho, S.H. Han, M.P. Suh, Copper-organic framework fabricated with CuS nanoparticles: synthesis, electrical conductivity,
and electrocatalytic activities for oxygen reduction reaction, Angew. Chem.-Int. Ed. 55 (2016) 15301-15305.
[3] G. Song, Z. Wang, L. Wang, G. Li, M. Huang, F. Yin, Preparation of MOF (Fe) and its catalytic activity for oxygen reduction
reaction in an alkaline electrolyte, Chin. ]. Catal. 35 (2014) 185-195.
[4] H. Wang, F. Yin, G. Li, B. Chen, Z. Wang, Preparation, characterization and bifunctional catalytic properties of MOF (Fe/Co)
catalyst for oxygen reduction/evolution reactions in alkaline electrolyte, Int. ]. Hydrog. Energy 39 (2014) 16179-16186.
[5] M. Jahan, Z.L. Liu, K.P. Loh, A graphene oxide and copper-centered metal organic framework composite as a tri-functional
catalyst for HER, OER, and ORR, Adv. Funct. Mater. 23 (2013) 5363-5372.
[6] M. Jiang, LJ. Li, D.D. Zhu, H.Y. Zhang, X.B. Zhao, Oxygen reduction in the nanocage of metal-organic frameworks with an
electron transfer mediator, J. Mater. Chem. A 2 (2014) 5323-5329.
[7] X H. Liu, W.L. Hu, WJ. Jiang, Y.W. Yang, S. Niu, B. Sun, J. Wu, ].S. Hu, Well-defined metal-O-6 in metal-catecholates as a
novel active site for oxygen electroreduction, Acs Appl. Mater. Interfaces 9 (2017) 28473-28477.
[8] A.Sheelam, K. Ramanujamz, Metal-organic complexes, Co(bpy)(3) (NO3)(2) and Co(bpy)(2)NO3; NOs center dot 5H(2)0, for
oxygen reduction reaction, J. Electrochem. Soc. 164 (2017) F1022-F1029.
[9] T.Y. Fan, EX. Yin, H. Wang, X.B. He, G.R. Li, A metal organic-framework/carbon composite with enhanced bifunctional
electrocatalytic activities towards oxygen reduction/evolution reactions, Int. J. Hydrog. Energy 42 (2017) 17376-17385.
[10] X.B. He, EX. Yin, G.R. Li, A Co/metal-organic-framework bifunctional electrocatalyst: the effect of the surface cobalt oxi-
dation state on oxygen evolution/reduction reactions in an alkaline electrolyte, Int. J. Hydrog. Energy 40 (2015) 9713-9722.
[11] Y.Y. Fang, X.Z. Li, F. Li, X.Q. Lin, M. Tian, X.F. Long, X.C. An, Y. Fu, J. Jin, J.T. Ma, Self-assembly of cobalt-centered metal organic
framework and multiwalled carbon nanotubes hybrids as a highly active and corrosion-resistant bifunctional oxygen
catalyst, J. Power Sources 326 (2016) 50-59.
[12] H. Wang, EX. Yin, B.H. Chen, X.B. He, P.L. Lv, C.Y. Ye, D/J. Liu, ZIF-67 incorporated with carbon derived from pomelo peels: a
highly efficient bifunctional catalyst for oxygen reduction/evolution reactions, Appl. Catal. B-Environ. 205 (2017) 55-67.
[13] EF. Wang, PJ. Wei, G.Q. Yu, J.G. Liu, Titanium dioxide-grafted copper complexes: high-performance electrocatalysts for the
oxygen reduction reaction in alkaline media, Chem. - Eur. J. 22 (2016) 382-389.


http://dx.doi.org/10.1016/j.dib.2018.05.011
http://dx.doi.org/10.1016/j.dib.2018.05.011
http://dx.doi.org/10.1016/j.coelec.2018.03.035
http://dx.doi.org/10.1016/j.coelec.2018.03.035
http://dx.doi.org/10.1016/j.coelec.2018.03.035
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref2
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref2
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref2
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref3
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref3
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref3
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref4
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref4
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref4
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref5
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref5
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref5
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref6
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref6
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref6
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref7
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref7
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref7
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref8
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref9
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref9
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref9
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref10
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref10
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref10
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref11
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref11
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref11
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref11
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref12
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref12
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref12
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref13
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref13
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref13

286 S. Gonen, L. Elbaz / Data in Brief 19 (2018) 281-287

[14] P.M. Usov, B. Huffman, C.C. Epley, M.C. Kessinger, J. Zhu, W.A. Maza, A]. Morris, Study of electrocatalytic properties of
metal-organic framework PCN-223 for the oxygen reduction reaction, Acs Appl. Mater. Interfaces 9 (2017) 33539-33543.

[15] E.M. Miner, T. Fukushima, D. Sheberla, L. Sun, Y. Surendranath, M. Dinca, Electrochemical oxygen reduction catalysed by
Ni-3(hexaiminotriphenylene)(2), Nat. Commun. 7 (2016) 7.

[16] E.M. Miner, S. Gul, N.D. Ricke, E. Pastor, J. Yano, V.K. Yachandra, T. Van Voorhis, M. Dinca, Mechanistic evidence for ligand-
centered electrocatalytic oxygen reduction with the conductive MOF Ni-3(hexaiminotriphenylene)(2), Acs Catal. 7 (2017)
7726-7731.

[17] N. Levy, A. Mahammed, M. Kosa, D.T. Major, Z. Gross, L. Elbaz, Metallocorroles as nonprecious-metal catalysts for oxygen
reduction, Angew. Chem.-Int. Ed. 54 (2015) 14080-14084.

[18] S. Ma, G.A. Goenaga, A.V. Call, D.-]. Liu, Cobalt imidazolate framework as precursor for oxygen reduction reaction elec-
trocatalysts, Chem. - Eur. J. 17 (2011) 2063-2067.

[19] E. Proietti, F. Jaouen, M. Lefevre, N. Larouche, ]. Tian, ]. Herranz, J.-P. Dodelet, Iron-based cathode catalyst with enhanced
power density in polymer electrolyte membrane fuel cells, Nat. Commun. 2 (2011).

[20] Y.Y. Liu, H.T. Wang, D.C. Lin, ]. Zhao, C. Liu, J. Xie, Y. Cui, A Prussian blue route to nitrogen-doped graphene aerogels as
efficient electrocatalysts for oxygen reduction with enhanced active site accessibility, Nano Res. 10 (2017) 1213-1222.

[21] H.S. Lu, HM. Zhang, RR. Liu, X. Zhang, HJ. Zhao, G.Z. Wang, Macroscale cobalt-MOFs derived metallic Co nanoparticles
embedded in N-doped porous carbon layers as efficient oxygen electrocatalysts, Appl. Surf. Sci. 392 (2017) 402-409.

[22] H. Sun, H.X. Su, X.Y. Ma, PF. Zhang, X. Zhang, X.P. Dai, J.S. Gao, C. Chen, S.G. Sun, Fe/IRMOF-3 derived porous carbons as
non-precious metal electrocatalysts with high activity and stability towards oxygen reduction reaction, Electrochim. Acta
205 (2016) 53-61.

[23] Y. Wang, X.T. Chen, Q.P. Lin, A.G. Kong, Q.G. Zhai, S.L. Xie, P.Y. Feng, Nanoporous carbon derived from a functionalized
metal-organic framework as a highly efficient oxygen reduction electrocatalyst, Nanoscale 9 (2017) 862-868.

[24] J. Wei, Y. Liang, Y.X. Hu, B. Kong, ]. Zhang, Q.F. Gu, Y.P. Tong, X.B. Wang, S.P. Jiang, H.T. Wang, Hydrothermal synthesis of
metal-polyphenol coordination crystals and their derived metal/N-doped carbon composites for oxygen electrocatalysis,
Angew. Chem.-Int. Ed. 55 (2016) 12470-12474.

[25] W.L. Gu, LY. Hu, J. Li, EK. Wang, Hybrid of g-C3N, assisted metal-organic frameworks and their derived high-efficiency
oxygen reduction electrocatalyst in the whole pH range, Acs Appl. Mater. Interfaces 8 (2016) 35281-35288.

[26] T.H. Zhou, Y.H. Du, S.M. Yin, X.Z. Tian, H.B. Yang, X. Wang, B. Liu, H.M. Zheng, S.Z. Qiao, R. Xu, Nitrogen-doped cobalt
phosphate@nanocarbon hybrids for efficient electrocatalytic oxygen reduction, Energy Environ. Sci. 9 (2016) 2563-2570.

[27] J.R. Wang, H.M. Lu, Q.S. Hong, Y. Cao, X.D. Li, JJ. Bai, Porous N,S-codoped carbon architectures with bimetallic sulphide
nanoparticles encapsulated in graphitic layers: highly active and robust electrocatalysts for the oxygen reduction reaction
in Al-air batteries, Chem. Eng. ]. 330 (2017) 1342-1350.

[28] S.Y. Gao, B.F. Fan, R. Feng, C.L. Ye, XJ. Wei, ]. Liu, X.H. Bu, N-doped-carbon-coated Fe;0, from metal-organic framework as
efficient electrocatalyst for ORR, Nano Energy 40 (2017) 462-470.

[29] XJ. Wang, H.G. Zhang, H.H. Lin, S. Gupta, C. Wang, Z.X. Tao, H. Fu, T. Wang, ]. Zheng, G. Wu, et al., Directly converting Fe-
doped metal organic frameworks into highly active and stable Fe-N-C catalysts for oxygen reduction in acid, Nano Energy
25 (2016) 110-119.

[30] J. Li, Q. Jia, S. Ghoshal, W. Liang, S. Mukerjee, Highly active and stable Fe-N-C catalyst for oxygen depolarized cathode
applications, Langmuir (2017).

[31] H.M. Barkholtz, L. Chong, Z.B. Kaiser, D.J. Liu, Non-precious metal catalysts prepared by zeolitic imidazolate frameworks:
the ligand influence to morphology and performance, Fuel Cells 16 (2016) 428-433.

[32] AK. Diaz-Duran, F. Roncaroli, MOF derived mesoporous nitrogen doped carbons with high activity towards oxygen
reduction, Electrochim. Acta 251 (2017) 638-650.

[33] B.Y. Xia, Y. Yan, N. Li, H.B. Wu, X.W. Lou, X. Wang, A metal-organic framework-derived bifunctional oxygen electrocatalyst,
Nat. Energy 1 (2016) 8.

[34] P.Q.Yin, T. Yao, Y. Wy, LR. Zheng, Y. Lin, W. Liu, H.X. Ju, J.F. Zhu, X. Hong, Z.X. Deng, et al., Single cobalt atoms with precise
N-coordination as superior oxygen reduction reaction catalysts, Angew. Chem.-Int. Ed. 55 (2016) 10800-10805.

[35] S.S.A. Shah, LS. Peng, T. Najam, C. Cheng, G.P. Wu, Y. Nie, W. Ding, X.Q. Qi, S.G. Chen, Z.D. Wei, Monodispersed Co in
mesoporous polyhedrons: fine-tuning of ZIF-8 structure with enhanced oxygen reduction activity, Electrochim. Acta 251
(2017) 498-504.

[36] A. Aijaz, ]. Masa, C. Rosler, W. Xia, P. Weide, A.J.R. Botz, R.A. Fischer, W. Schuhmann, M. Muhler, Co@Co30,4 encapsulated in
carbon nanotube-grafted nitrogen-doped carbon polyhedra as an advanced bifunctional oxygen electrode, Angew. Chem.-
Int. Ed. 55 (2016) 4087-4091.

[37] C. Lin, S.S. Shinde, Z. Jiang, X.K. Song, Y. Sun, L.L. Guo, H. Zhang, J.Y. Jung, X.P. Li, ].H. Lee, in situ directional formation of
Co@CoOy-embedded 1D carbon nanotubes as an efficient oxygen electrocatalyst for ultra-high rate Zn-air batteries, J.
Mater. Chem. A 5 (2017) 13994-14002.

[38] J.W. Xiao, C. Zhao, C.C. Hu, ].B. Xi, S. Wang, Pudding-typed cobalt sulfides/nitrogen and sulfur dual-doped hollow carbon
spheres as a highly efficient and stable oxygen reduction electrocatalyst, ]. Power Sources 348 (2017) 183-192.

[39] C. Zhang, B. An, L. Yang, B.B. Wu, W. Shi, Y.C. Wang, L.S. Long, C. Wang, W.B. Lin, Sulfur-doping achieves efficient oxygen
reduction in pyrolyzed zeolitic imidazolate frameworks, ]. Mater. Chem. A 4 (2016) 4457-4463.

[40] L. Huang, X.P. Zhang, YJ. Han, Q.Q. Wang, Y.X. Fang, SJ. Dong, in situ synthesis of ultrathin metal-organic framework
nanosheets: a new method for 2D metal-based nanoporous carbon electrocatalysts, J. Mater. Chem. A 5 (2017)
18610-18617.

[41] S.H. Ahn, MJ. Klein, A. Manthiram, 1D Co- and N-doped hierarchically porous carbon nanotubes derived from bimetallic
metal organic framework for efficient oxygen and tri-iodide reduction reactions, Adv. Energy Mater. 7 (2017).

[42] S.H. Ahn, X.W. Yu, A. Manthiram, "Wiring" Fe-N-x-embedded porous carbon framework onto 1D nanotubes for efficient
oxygen reduction reaction in alkaline and acidic media, Adv. Mater. 29 (2017) 10.

[43] A. Aijaz, ]. Masa, C. Rosler, H. Antoni, R.A. Fischer, W. Schuhmann, M. Muhler, MOF-templated assembly approach for Fe;C
nanoparticles encapsulated in bamboo-like N-doped CNTs: highly efficient oxygen reduction under acidic and basic
conditions, Chem. - Eur. J. 23 (2017) 12125-12130.


http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref14
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref14
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref14
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref15
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref15
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref16
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref16
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref16
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref16
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref17
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref17
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref17
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref18
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref18
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref18
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref19
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref19
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref20
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref20
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref20
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref21
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref21
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref21
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref22
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref22
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref22
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref22
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref23
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref23
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref23
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref24
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref24
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref24
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref24
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref25
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref25
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref25
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref25
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref25
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref25
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref25
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref26
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref26
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref26
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref27
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref27
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref27
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref27
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref28
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref28
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref28
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref28
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref28
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref28
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref28
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref29
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref29
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref29
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref29
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref30
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref30
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref31
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref31
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref31
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref32
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref32
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref32
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref33
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref33
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref34
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref34
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref34
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref35
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref35
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref35
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref35
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref36
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref36
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref36
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref36
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref36
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref36
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref36
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref36
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref37
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref37
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref37
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref37
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref37
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref37
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref38
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref38
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref38
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref39
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref39
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref39
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref40
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref40
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref40
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref40
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref41
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref41
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref42
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref42
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref43
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref43
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref43
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref43
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref43
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref43

S. Gonen, L. Elbaz / Data in Brief 19 (2018) 281-287 287

[44] C.Zhang, Y.C. Wang, B. An, R.Y. Huang, C. Wang, Z.Y. Zhou, W.B. Lin, Networking pyrolyzed zeolitic imidazolate frameworks
by carbon nanotubes improves conductivity and enhances oxygen-reduction performance in polymer-electrolyte-mem-
brane fuel cells, Adv. Mater. 29 (2017) 7.

[45] Q.X. Lai, L.R. Zheng, Y.Y. Liang, J.P. He, J.X. Zhao, ].H. Chen, Meta-organic-framework-derived Fe-N/C electrocatalyst with
five-coordinated Fe-N-x, sites for advanced oxygen reduction in acid media, Acs Catal. 7 (2017) 1655-1663.

[46] H.M. Barkholtz, L.N. Chong, Z.B. Kaiser, T. Xu, DJ. Liu, Highly active non-PGM catalysts prepared from metal organic
frameworks, Catalysts 5 (2015) 955-965.


http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref44
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref44
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref44
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref45
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref45
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref45
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref46
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref46
http://refhub.elsevier.com/S2352-3409(18)30514-6/sbref46

	Comparison of new metal organic framework-based catalysts for oxygen reduction reaction
	Specifications Table
	Value of the data
	Data
	Experimental design, materials and methods
	Acknowledgements
	Supporting information
	References




