
▪ 5% Fe is the optimum of Fe doping for NiO(111)
▪ In contrast to literature on Fe doped NiO [3]

▪ EXAFS suggests different coordination 
environment between low and high doped
samples

In situ metal incorporation vs. compounded doping of nickel (hydr)oxides: 
Effect on the oxygen evolution reaction
Konstantin Rücker1,2*, Dereje H. Taffa2, Elliot Brim3, Darius Hayes3, Omeshwari Bisen4, Marcel Risch4, Corinna Harms1, 
Ryan M. Richards3, Michael Wark2, Julian Lorenz1

*Konstantin.ruecker@dlr.de

Motivation & approach

Compounded doping
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▪ Phase pure iron doping was achieved
▪ pH control of precursor solution
▪ Longer synthesis times to approach target metal ratio

▪ Iron oxide phase impurities (*) of NiO(111) occur with 24% Fe doping and more

▪ Use of microwave synthesis routes [1] to investigate the role of 
different facets and dopants on NiO(111) nanosheets 

▪ Optimized compounded Fe doping of NiO(111) from 2-15% Fe
▪ Comparison of hydroxide and oxide host structures for doping
▪ In situ doping of Fe3+ into host structures of NiO(111), NiO(100)

and α-Ni(OH)2

In situ Fe3+ incorporation into different 
host structures

▪ Drastic improvements after in situ 
Fe3+ doping in purified electrolyte [2]

▪ Highest increase with NiO(100) host

▪ Fe K edge after in situ doping close to 
compounded samples

Conclusion

OER activity of compounded Fe doped samples

▪ Fe doped -Ni(OH)2 with equally high activity of doped materials
▪ Higher doping levels of Fe in NiO(111) exhibited decrease in OER activity  

▪ Maximum at low doping of 5% Fe

▪ 31% Fe higher overpotential & bubble detachment issues
▪ EXAFS after EC

▪ Difference in local coordination environment F-M with increased doping 
▪ Only 5% Fe sample shows identical Fe-M and M-Ni distance (doping evident)
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Water electrolysis

▪ Powder electrocatalysts for oxygen evolution reaction 
(OER) in 0.1 M KOH alkaline media e.g. for anion 
exchange membrane water electrolysis application
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-Ni(OH)2 NiO(111) rock salt

Sample Intended
xFe

[mol %]
xNi

[mol %]

Ni(OH)2 +
5% Fe

2% Fe 5.3 94.7

Ni(OH)2 +
13% Fe

5% Fe 12.7 87.3

Ni(OH)2 +
24% Fe

10% Fe 24.4 75.5

Ni(OH)2 +
31% Fe

15% Fe 30.7 69.3

Metal contents by ICP-MS
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Ni(OH)2 + Fe3+ 6.53 → 17.7 mA cm-2  (270%) 

NiO(111) + Fe3+ 6.15 → 20.2 mA cm-2  (330%)

NiO(100) + Fe3+ 0.47 → 4.03 mA cm-2  (860%) 

Max current improvements

Sample Fe K Edge energies

Ni(OH)2 + 5% Fe 7.128 keV

Ni(OH)2 + Fe3+ 7.127 keV

NiO(111) + Fe3+ 7.128 keV

NiO(100) + Fe3+ 7.126 keV
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10 mV s-1, 100 
µg cm-2 on GC, 

0.1 M KOH 
purified [2]

Hold @10 
mA cm-2, 
100 µg 
cm-2 on 
GC, 0.1 M 
KOH 
purified

0.1 ppm Fe3+(NO3)3 added,10 mV s-1, 
100 µg cm-2 on GC, 0.1 M KOH purified [2]

▪ In situ doping with Fe3+ exceeds 
activities of corresponding 
compounded doped samples

▪ Amount of incorporated Fe needs 
further investigation

10 mV s-1, 100 µg cm-2 on GC, 0.1 M KOH purified

-Ni(OH)2 NiO(111) rock salt

Hold @10 mA cm-2 EXAFS after EC

OER after Fe3+ spiking

XAS after Fe3+ spiking
OER in situ vs. compounded

Outlook
▪ Explanation of activity differences by structural analysis (XPS, ICP-MS, HR-TEM)
▪ Comparison of the stability of catalysts on rotating disc electrodes
▪ Further Investigation of lower compounded doped samples

▪ In situ Fe3+ doping by spiking exceeds
compounded doping

▪ Distinctive effects of Fe3+ doping on OER 
activity of different host structures
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