
1

Electronic Supplementary Information

Iron-nickel oxide: A promising strategy for water oxidation† 

Tohid Safdari a, Nader Akbari a¥, Amirreza Valizadeh a¥, Robabeh Bagheri b,c,  Zhenlun 

Song b, Suleyman I. Allakhverdiev d-h* and Mohammad Mahdi Najafpour a,i,j * 

aDepartment of Chemistry, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, 45137-
66731, Iran
bKey Laboratory of Marine Materials and Related Technologies, Zhejiang Key Laboratory of Marine 
Materials and Protective Technologies, Ningbo Institute of Materials Technology and Engineering, 
Chinese Academy of Sciences, Ningbo 315201, China
cSchool of Physical Science and Technology, College of Energy, Soochow Institute for Energy and 
Materials Innovations and Key Laboratory of Advanced Carbon Materials and Wearable Energy 
Technologies of Jiangsu Province, Soochow University, Suzhou 215006, China
dControlled Photobiosynthesis Laboratory, K.A. Timiryazev Institute of Plant Physiology, Russian 
Academy of Sciences, Botanicheskaya Street 35, Moscow 127276, Russia
eInstitute of Basic Biological Problems, Russian Academy of Sciences, Pushchino, Moscow Region 
142290, Russia
fBionanotechnology Laboratory, Institute of Molecular Biology and Biotechnology, Azerbaijan 
National Academy of Sciences, Baku, Azerbaijan
 gDepartment of Plant Physiology, Faculty of Biology, M.V. Lomonosov Moscow State University, 
Leninskie Gory 1-12, Moscow 119991, Russia
hDepartment of Molecular and Cell Biology, Moscow Institute of Physics and Technology, Institutsky 
lane 9, Dolgoprudny, Moscow region 141700, Russia
iCenter of Climate Change and Global Warming, Institute for Advanced Studies in Basic Sciences 
(IASBS), Zanjan, 45137-66731, Iran 
jResearch Center for Basic Sciences & Modern Technologies (RBST), Institute for Advanced Studies in 
Basic Sciences (IASBS), Zanjan 45137-66731, Iran

*Corresponding authors: E-mails: mmnajafpour@iasbs.ac.ir (MMN);
Suleyman.allakhverdiev@gmail.com (SIA);

¥ These authors contributed equally to this work

†Electronic Supplementary Information (ESI) available: [details of any supplementary information 
available should be included here]. See DOI: 10.1039/x0xx00000x

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2019

mailto:mmnajafpour@iasbs.ac.ir


2

Scheme S1 The setup for the electrochemical experiment. A three-electrode setup was used 

with an Hg/HgO, a Pt sheet, and the operated sheet prepared in this study as the reference, 

counter and working electrode, respectively. The surface of the working electrode was 4-

4.5 mm2 and the distance between Hg/HgO and the operated sheet was less than 10 mm. 

The thickness was also 0.75 mm for the operated sheet.
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Fig. S1 SEM image of a fresh Fe-Ni alloy with different magnifications (a-c).
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Fig. S2 SEM image of the alloy after the operation at 60.0 V in the KOH solution (0.10 M) with 
different magnifications (a-c).
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Fig. S3 TEM and HRTEM images of the mechanically separated electrode after the operation at 60.0 
V in the KOH solution (0.10 M) with different magnifications (a,b).

a b
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Table S1 Comparison of some catalytic parameters for heterogeneous water oxidizing catalysts. Table was 
modified from ref 1.1
Comp. η[a] (mV) η[b] (mV)        pH         Ref.

The operated 
alloy

195  210 13 This work

NiFeOx - 297 14 2

NiOx > 400 > 1000 14 3

NiOx - 300 14 2

CoOx - 381 14 2

NiCoOx - 312 14 2

FeOx 345 445 14 4

FeOx - 405 14 2

Fe2O3 < 350 430 14 5

MnOx 320 514 14 2

Fe3Ni2Ox 270 - 13 6

FeNiOx 211 - 13 7

Fe2Ni3Ox 190 250 13 8

NiOx 191 280 13 7

NiOx 295 - 13 9

CoFeOx
[c] 397 - 13 10

CoOx < 200 < 250 13 11

FeOx 320 410 13 7

CoOx 210 270 13 7

CoOx 295 - 13 6

FeCoOx 181 - 13 7

FeCoNiOx 191 - 13 7

Ni2FeAlOx 270 - 13 6

NiFeMo3Ox 250 - 13 6

Ni2FeCr2Ox 240 - 13 6

NiFeGa3Ox 240 - 13 6

CoSe2 373 380 13 12

NG-CoSe2 294 320 13 12

MnOx < 300 > 1000 >11.5 13

FeOOH 300 420 11 14

NiBi 300 425 9.2 15

MnOx < 300 > 1000 8.5-5.5 13

CoOx < 200 < 300 7 11

MnOx 390 590 7 16

MnOx 441 600 7 17

CoFePBA 291 > 600 7 18

MnOx 150 > 1000 7 19

CoPi 281 410 7 20

MnOx > 700 > 1000 7 21

LixMnP2O7 500 - 7 22

MnOx < 300 > 1000 3.5 13

Co2+ (1 M) < 580 600 1 11

[a] Onset overpotentiol. [b] @1 mAcm-2. 
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