Synthesis of [NiFe]-sulfides derived from NiFe20: as
catalysts for the alkaline hydrogen evolution reaction

David Tetzlaff 12, Vasanth Alagarasan 2, Christopher Simon3, Daniel Siegmund!?, Kai junge
Puring!, Roland Marschall® and Ulf-Peter Apfel 12*

1 Fraunhofer Institute for Environmental, Safety, and Energy Technology UMSICHT, Osterfelder Strafle 3, DE-46047
Oberhausen, Germany

2 Ruhr University Bochum, Inorganic Chemistry I, UniversititsstrafSe 150, DE-44780 Bochum, Germany

3 University of Bayreuth, Physical Chemistry III, Universititsstrasse 30, 95447 Bayreuth, Germany

* Correspondence: ulf.apfel@rub.de and ulf.apfel@umsicht.fraunhofer.de


mailto:ulf.apfel@rub.de

Contents

1. Photoelectron spectroscopy (XPS) measurements of the synthesized NFS materials. ....3
2. Scanning electron microscopy (SEM) images of the synthesized NFS materials. ............. 4
3. Particle size analysis by laser diffraction of the synthesized NFS materials. ...................... 6

4. Electrochemical impedance spectroscopy measurements of the synthesized NFS
MALEITAIS. ..eeeeieeeee ettt ettt et ete st e es e e sestesaeeseensesseeseensesseeseensessesseeneensessesneensans 7

5. Electrochemical impedance spectroscopy measurements of the synthesized NFS
MALETIAIS. ..ottt sttt ettt et s e b s be s b et et e se e bt st et et e st ebe st e st et et eneenees 8

LT = 1= = g P 1Y £ LTS 9



1. Photoelectron spectroscopy (XPS) measurements of the synthesized NFS
materials.
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Figure S1: XPS spectra of the NFS-N2 and NFS-Hz materials
Ni 2p,,, Fe 2p,, S 2p
3+
- - 2+ ~
a a 2
o z Z
2 2 g
& 2 &
= = £
868 B66 864 862 860 858 856 B854 716 714 712 710 708 706 168 164 162 160
Binding energy [eV] Binding energy [eV] Binding energy [eV]
Figure S2: Deconvoluted XPS spectra of NFSzo0-Ha.
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Figure S3: Deconvoluted XPS spectra of NFS100-N2.



2. Scanning electron microscopy (SEM) images of the synthesized NFS materials.

Figure S4: SEM images of the synthesized NFS-N: electrocatalyst materials in comparison to NFO. The scale
baris 1 pm.

Figure S5: SEM images of the synthesized NFS-H: electrocatalyst materials in comparison to NFO. The scale
baris 1 pm.



Figure S6: SEM images of the synthesized NFS100-H2 and NFS100-N2 electrocatalyst materials indicating particle
agglomeration.



3. Patrticle size analysis by laser diffraction of the synthesized NFS materials.
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Figure S7: Particle size analysis of the synthesized NFS electrocatalysts by laser diffraction.



4. Electrochemical impedance spectroscopy measurements of the synthesized NFS

materials.
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Figure S8: Cyclic voltammetry measurements for the determination of the double layer capacity (CoL). Left: NFS-
Nz.Right: NFS-H2



5. Electrochemical impedance spectroscopy measurements of the synthesized NFS

materials.
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Figure S9: Electrochemical impedance spectroscopy (EIS) measurements performed at -0.4 V vs. RHE from 100
kHz to 0.10 Hz of the synthesized NFS-N2 and NFS-H: electrocatalysts.



6. Tafel analysis
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Figure S10: Tafel analysis of the synthesized NFS materials.
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