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Abstract

The efficacy of the oxygen evolution reaction (OER) can be enhanced by adding samarium (Sm) species to

electrocatalysts as was recently found. Significantly, the spatial dispersal of Sm substances in the NiO would define

their individual aids to promote electrocatalytic activity, which in turn affects the accessibility of Sm substance as a

dopant material. In this work, we perform in-depth studies of two different configurations of electrocatalyst, Sm O -

embedded NiO (Sm-NiO-E) and Sm O -surface-loaded NiO (Sm-NiO-L), to investigate the consequence of their

distinctive configuration on OER activity. The Sm-NiO-E electrocatalysts exhibit an overpotential (ɳ) of 409 mV @ 10 mA

cm  and a Tafel slope of 81 mV dec , representing the advantage of the embedded design for water splitting in

contrast to Sm-NiO-L (484 mV and 147 mV dec ). Embedding configuration exhibited the small-sized Sm O  clusters

into the host for a bigger special interfacial region and enriching interfacial defects allows Sm-NiO-E to have a greater

O  adsorption capability and better tuned electronic assemblies of the interfacial active region. These results provide a

valuable guide for designing electrocatalysts with different spatial layouts to enhance their electrocatalytic properties.
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Introduction

The highly effective storage and conversion of power produced from renewable energies into big industrial stands

remain a significant problem for sustainable energy usage, despite recent advancements in energy harvesting [1], [2],

[3], [4]. Examples of efficient methods that enable sustainable storage and energy conversion include rechargeable

metal-air batteries (Zn & Al-air) [5] and water electrolyser cells [6] catalysed by elements found in abundance on Earth.

Besides this, the oxygen evolution reaction (OER) suffers from ineffective oxygen production owing to slow kinetics

exhibiting a 4 e  process, where substantial overpotentials are essential [7], [8], [9], [10], [11]. Both metal-air batteries

and H O electrolysis with hydrogen evolution reaction (HER) involve the oxygen reduction process. Earth-abundant

electrocatalysts including, transition metal-based catalyst has been modified using a variety of techniques to increase

the OER catalytic property [12], [13], [14], [15], [16].  These techniques include morphologies [17], creating ultrathin

nanosheets [18], manufacturing heterostructures with controllable defects [19], adjusting constituent compositions

[20] and adding foreign elements [20].

The sorption and transformation of reactive species with the lower energy barrier for oxygen evolution reaction are

typically made easier by doping foreign elements into catalysts [21,22]. This method consistently modifies the

electronic structures of the catalysts and introduces defects [23,24]. Electrocatalysts are mostly formed with transition

metals (TMs), especially 3d TMs like Mn, Cr, Fe & Zn as dopants to normalize their chemical valances [25,26]. Typically,

incorporating of Zn atoms into various transition metal oxides (TMO) would result in wide spread electrocatalytically

active TMs vacancies to enhance OER activity [27], [28], [29], [30]. Recent research has shown that incorporating rare

earth elements into TMs-based species, such as, by doping of samarium into host electrocatalysts or by creating

heterostructures among active and dopant catalysts, significantly improves the electrochemical catalytic behavior of

Sm O  electrocatalysts for the production of H  and O  [31], [32], [33], [34], [35]. Several researchers, such as Wei Gao

et. studied the impact of rare earth TMs dopant on NiO host crystal lattice for OER activity. The electrochemical analysis

demonstrates that the insertion of CeO  into embedded configuration has a significant impact rather than the loaded

configuration. The CeO  doped materials exhibited the lowest Tafel slope and overpotential (ɳ) value than the loaded

configuration and pure NiO [36].  Bocheng Qiu et al. examine the effect of the CeO  dopant on interfacial sites of Co O .

Their analysis shows that the insertion of dopant material on the octahedral site produced a small overpotential and

Tafel slope of 265 mV and 68.1 mV dec , respectively [37]. Zhengcui Wu et al. analyze the effect of Fe dopant material

on  NiO mesoporous nanosheet. The electrochemical analysis indicates that Fe doped NiO exhibited small overpotential

of 206 mV @ 10 mA cm , which might be related to small crystallite size producing a larger interfacial area that helps in

adsorption of electrolyte ions [38].

All of these studies demonstrate the importance of introducing rare earth species into hosts and adding rare earth

transition metal oxide to electrocatalyst surfaces to create heterogeneous structures, both of which show promise for

modifying the electronic structure of interface-active zones and, in turn, increasing their electrocatalytic behavior.

Therefore, it is yet unclear how surface-loaded Sm-based substances to form heterostructures or implanted Sm-based

substances within host process (Scheme 1) will most effectively initiative the oxygen evolution reaction process. To

provide useful recommendations for the design of enhanced electrocatalysts with an acceptable spatial layout for

electrochemical process, a thorough understanding of all these factors is crucial.
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The catalytic and structural variations in nickel oxide catalysts with diverse spatial arrangements of Sm O  inclusion

and their related impacts on electrocatalytic activity are compared in this research work. The preparation and

characterization of two rare earth transition metal-incorporated nickel oxide catalysts with distinctive configuration,

namely the embedded configuration of Sm O  clusters/atoms doped nickel oxide (Sm-NiO-E) and the surface-loaded

configuration of Sm O  nanoarray on nickel oxide (Sm-NiO-L), are carried out. Comparing the two catalysts, it is

interesting to note that the Sm-NiO-E catalyst displays greater OER performance with a smaller ɳ of 409 mV @ 10 mA

cm . The low-coordinated Sm O  groups in Sm-nickel oxide appear to be crucial in producing the greater

electrocatalytically defects, enhancing the O  adsorption capability and facilitating the OER catalyst, according to X-ray

photoelectron spectra and other spectroscopy and microscopy techniques. All of these comparisons make clear the

benefits of combining Sm O  with NiO and go on to explain why doping clusters of Sm O  improved their catalytic

capabilities, offering a fresh perspective on the various spatial configurations of Sm O  on NiO for improved OER

catalysts.

Section snippets

Reagents

All of the reagents employed in the synthesis of spatial configuration are highly pure and purchased from Sigma

Aldrich, such as nickel nitrate hexahydrate (Ni(NO ) ·6H O), samarium nitrate hexahydrate (Sm(NO ) . 6H O),

ammonium hydroxide (NH OH), oxalic acid (H C O . 2H O) absolute ethanol (C H OH) were utilized without prior

purification. The deionized water (DI H O, 18.5 Ωm.cm) was purchased from Merk Millipore.…

Fabrication of NiO

The sol-gel synthetic strategy was employed to fabricate the NiO, Sm-nickel…

XRD study

X-ray diffraction calculations were utilized to determine the crystallinity, purity and size of the fabricated materials.

Fig. 1(a) illustrates the XRD diffractogram of all fabricated products with three distinctive peaks at 44.49°, 51.90° and

76.62° corresponding to indexed planes of (111), (200) and (220) well consistent with the PDF = 00–004–0835 indicates

the successful fabrication of NiO with the crystallite sizes of 32.11 nm exhibiting space group number and space group

of 225 and Fm-3 m, …

Conclusion

In conclusion, two alternative spatial arrangement of the Sm-incorporated nickel oxide electrocatalysts are synthesized

and examined to investigate the implications of these structural alterations on their OER activity as well as their

crystallinity and electronic structure differences. The structural, morphological and chemical states of the doped

fabricated materials were determined with various analytical techniques. The electrochemical tests suggest that the

Sm-NiO-E display a low…

Compliance with ethical standards

Yes, this paper adheres to the journal's ethical guidelines.…

Research data policy and data availability statements

The data collected during research activity will be provided on reasonable request to corresponding author.…

CRediT authorship contribution statement

2 3

2 3

2 3

-2
2 3

2

2 3 2 3

2 3

3 2 2 3 3 2

4 2 2 4 2 2 5

2



9/30/23, 1:54 PM Understanding the spatial configurations of Sm2O3 in NiO interfaces Embedded-Loaded for Electrocatalytic OER process - S…

https://www.sciencedirect.com/science/article/abs/pii/S2468023023002274 4/6

Salma Aman: Data curation, Writing – original draft. Naseeb Ahmad: Supervision. Muhammad Bilal Tahir: Data

curation, Writing – original draft, Supervision. Meznah M. Alanazi: Writing – review & editing. Shaimaa A.M.

Abdelmohsen: Writing – review & editing. Rabia Yasmin Khosa: Conceptualization, Methodology, Software. Hafiz

Muhammad Tahir Farid: Data curation, Writing – original draft.…

Declaration of Competing Interest

This document contains no conflicts of interest in any way.…

Funding

Princess Nourah bint Abdulrahman University Researchers Supporting Project number (PNURSP2023R132), Princess

Nourah bint Abdulrahman University, Riyadh, Saudi Arabia.…

Acknowledgement

The authors express their gratitude to Princess Nourah bint Abdulrahman University Researchers Supporting Project

number (PNURSP2023R132), Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia.…

References (56)

X. Wan et al.

Machine-learning-assisted discovery of highly efficient high-entropy alloy catalysts for the oxygen

reduction reaction

Patterns (2022)

Z. Qiu et al.

In operando Raman investigation of Fe doping influence on catalytic NiO intermediates for enhanced

overall water splitting

Nano Energy (2019)

M. Mechili et al.

Research progress in transition metal oxide based bifunctional electrocatalysts for aqueous electrically

rechargeable zinc-air batteries

Renew. Sustain. Energy Rev. (2022)

D. Li et al.

Rare earth insitu-doped ZIF-67 derived N doped C encapsulated Sm2O3/Co nanoparticles as excellent

oxygen reduction reaction catalyst for Al-air batteries

J. Power Sources. (2021)

S. Kiran et al.

Nickel-based nitrodopamine MOF and its derived composites functionalized with multi-walled carbon

nanotubes for efficient OER applications

Fuel (2023)

M.U. Nisa et al.

CdSe supported SnO2 nanocomposite with strongly hydrophilic surface for enhanced overall water

splitting

Fuel (2022)

Z. Wu et al.

Fe-doped NiO mesoporous nanosheets array for highly efficient overall water splitting

https://www.sciencedirect.com/science/article/pii/S2666389922001581
https://www.sciencedirect.com/science/article/pii/S2211285519308250
https://www.sciencedirect.com/science/article/pii/S136403212101234X
https://www.sciencedirect.com/science/article/pii/S0378775320313483
https://www.sciencedirect.com/science/article/pii/S0016236122027053
https://www.sciencedirect.com/science/article/pii/S0016236122009437
https://www.sciencedirect.com/science/article/pii/S0021951717304578


9/30/23, 1:54 PM Understanding the spatial configurations of Sm2O3 in NiO interfaces Embedded-Loaded for Electrocatalytic OER process - S…

https://www.sciencedirect.com/science/article/abs/pii/S2468023023002274 5/6

J. Catal. (2018)

R. Sanchis-Gual et al.

Improving the onset potential and Tafel slope determination of earth-abundant water oxidation

electrocatalysts

Electrochim. Acta. (2021)

D. Chinnadurai et al.

Bimetallic copper nickel sulfide electrocatalyst by one step chemical bath deposition for efficient and

stable overall water splitting applications

J. Colloid Interface Sci. (2022)

Y. Sang et al.

Facile synthesis of amorphous bimetallic hydroxide on Fe-doped Ni3S2 as an active electrocatalyst for

oxygen evolution reaction

J. Alloys Compd. (2022)

View more references

Cited by (2)

Perovskite-type samarium cobalt oxide adorned hexagonal tungsten sulfide nanocomposites as a high-

performance electrode material for symmetric supercapacitors

2023, Journal of Energy Storage

Show abstract

Polyaniline-engineered zinc sulphide nanocomposite as a highly efficient electrocatalyst for the oxygen

evolution process

2023, Journal of the Korean Ceramic Society

Recommended articles (6)

Research article

Study of SrEr Fe O /PANI nano-composites for high-frequency applications

Ceramics International, Volume 49, Issue 12, 2023, pp. 20536-20543

Show abstract

Research article

Sunlight activated S-scheme ZnO-CoTe binary photocatalyst for effective degradation of dye pollutants

from wastewater

Surfaces and Interfaces, Volume 31, 2022, Article 101991

Show abstract

Research article

Editorial – Advances in photocatalysis – AdvPhotoCat2021

Surfaces and Interfaces, Volume 38, 2023, Article 102874

0.04 1.96 4

https://www.sciencedirect.com/science/article/pii/S0013468621009038
https://www.sciencedirect.com/science/article/pii/S0021979721012121
https://www.sciencedirect.com/science/article/pii/S0925838822022460
https://www.sciencedirect.com/science/article/pii/S2352152X23015682
https://doi.org/10.1007/s43207-023-00310-8
https://www.sciencedirect.com/science/article/pii/S0272884223007836
https://www.sciencedirect.com/science/article/pii/S2468023022002590
https://www.sciencedirect.com/science/article/pii/S2468023023002444


9/30/23, 1:54 PM Understanding the spatial configurations of Sm2O3 in NiO interfaces Embedded-Loaded for Electrocatalytic OER process - S…

https://www.sciencedirect.com/science/article/abs/pii/S2468023023002274 6/6

Research article

Ultra-long cycle life flexible quasi-solid-state alkaline zinc batteries enabled by PEDOT:PSS encapsulated

Ni S  nanorods

Surfaces and Interfaces, Volume 38, 2023, Article 102886

Show abstract

Research article

ZIF-8 based microspheres with ordered mesopores and dual responsive surfaces

Surfaces and Interfaces, Volume 38, 2023, Article 102876

Show abstract

Research article

Facile synthesis of novel Ag@cerium zirconate heterostructure for efficient oxygen evolution reaction

Surfaces and Interfaces, Volume 35, 2022, Article 102410

Show abstract

View full text

© 2023 Elsevier B.V. All rights reserved.

All content on this site: Copyright © 2023 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open

access content, the Creative Commons licensing terms apply.

3 2

https://www.sciencedirect.com/science/article/pii/S2468023023002560
https://www.sciencedirect.com/science/article/pii/S2468023023002468
https://www.sciencedirect.com/science/article/pii/S246802302200671X
https://www.sciencedirect.com/science/article/pii/S2468023023002274
https://www.elsevier.com/
https://www.relx.com/

