Supplementary Information (SI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2025

Interfacial Engineering of CuSe,/FeSe, Heterojunction for Water Splitting: A Pathway

to High-Performance Hydrogen and Oxygen Evolution Reactions

Sandhyawasini Kumari,2®* Swapna Pahra, > Amrita Tripathy,2® Sumanth N, Nieves

Lopez-Salas,? Santosh K. Tiwari,® Afag Ahmad Khan,* Pooja Devi*?¢, M.S. Santosh*ab

aCoal to Hydrogen Energy for Sustainable Solutions (CHESS) Division, CSIR — Central
Institute of Mining and Fuel Research (CIMFR), Digwadih Campus, PO: FRI, Dhanbad —
828108, Jharkhand, India

bAcademy of Scientific and Innovative Research (AcSIR), Ghaziabad 201 002, India

¢Applied Materials and Instrumentation (AMI), CSIR - Central Scientific Instruments
Organization (CSIO), Chandigarh -160030, India

dPaderborn University, Chemistry Department- Sustainable Materials Chemistry, Center for
Sustainable Systems Design (CSSD), Warburguer Strasse 100, 33098 Paderborn,
Germany.

eDepartment of Chemistry, NMAM |Institute of Technology, Nitte (Deemed to be University),
Karnataka, India.

fGreenCat Laboratory, Department of Chemical Engineering, Indian Institute of Technology
(Indian School of Mines) Dhanbad-826004 (India)

Dr. M.S. Santosh

Academy of Scientific and Innovative Research (AcSIR), Ghaziabad — 201 002, Uttar
Pradesh, India.

CSIR - Central Institute of Mining and Fuel Research (CIMFR), Dhanbad, Jharkhand, India.
Email: santoshms@cimfr.res.in

#Equal Contributions

*Corresponding Authors: Dr. M. S. Santosh - santoshms@cimfr.res.in | Dr. Pooja Devi -
poojaiitr@csio.res.in| Dr. Afag Ahmad Khan — afag625@gmail.com

S1


mailto:santoshms@cimfr.res.in
mailto:santoshms@cimfr.res.in
mailto:poojaiitr@csio.res.in
mailto:afaq625@gmail.com

e CuSe,

(b) == (c) CuSe,/FeSe, " ==
FeSe,

Figure S1. EDS analysis showing the elemental mapping of Cu, Fe and Se in (a) CuSe; (b)
FeSe; (c) CuSe,/FeSe..
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Figure S2. Polarization curves (a) HER and (b) OER for mass loading optimization of
CuSe,/FeSe, onto GCE.
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Figure S3. (a) Polarization curve, (b) Chronopotentiometric stability study at 10mA/cm?,
(Inset: LSV curve before and after 24 hours stability study) for CuSe./FeSe, in HER || OER
overall water splitting configuration in 1M KOH.
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Figure S4. TGA curve showcasing varied percentages of weight loss at temperature range
(30-800°C) for CuSe;,, FeSe, and CuSe,/FeSe,
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Figure §5. HAADF-STEM analysis with elemental mapping of the CuSe,/FeSe, composite
following 24-hour stability testing under (a-¢) HER and (d-f) OER conditions.
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Figure S6. XPS comparison of the catalyst surface after 24 hours of HER and OER stability

studies
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Figure S7. Raman shifts comparison of the catalyst surface after 24 hours of HER and OER
stability studies

Figure S8. SEM images and elemental mapping of the catalyst surface after 24 hrs of
electrochemical stability studies. (a) SEM micrograph chronopotentiometric OER testing (b)

SEM image after HER operation (c-f) EDS elemental maps for Fe, O, Se, and Cu indicating
uniform elemental distribution
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Figure S9. Elemental mapping images of the CuSe,/FeSe, heterojunction after 24 hours of

continuous operation.
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Figure $10. XPS spectra of (a) Fe 2p in FeSe,, (b) Se 3d in FeSe,, (¢) Cu 2p in CuSe,, and

(d) Se 3d in CuSe;.

Table S1. Comparative study of different heterojunction electrocatalysts for overall water

splitting on the basis of overpotential 10mA/cm?.

S.N Material Overpotential Reaction Advantages Ref.
System (mV) Type
1 Pb0O,/Co30, 526.5 OER High charge separation [1

efficiency and stability.

2 Se-CuO/CF 440 OER Decreased charge [2]
recombination, efficient
charge transport
3 FeV3;0¢/M0S, 160 HER Effective electron [3]
transfer, increased lattice
active sites
4 W,N/WC 320 OER High surface area and [4]
stability under oxidative
conditions
5 CdSe/gC3Ny 218 OER Effective electron [5]
transfer, Increase in the
adsorption sites
6 WO/WC 233 HER High catalytic efficiency [6]
and stability, even in
acidic media
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7 CuSe,/FeSe, 666 (for HER) HER & High catalytic Our
and 490 (for OER efficiency and electron = Work
OER) delocalization
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