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Photoassisted Charging of Li-lon Oxygen Batteries Using g-CsN,/
rGO Nanocomposite Photocatalysts

Ersu Lokgt, Nilay Kagar, Meltem Cayirli, Resat Can Ozden, and Mustafa Anik*
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A3 -y
15+ 15:0; = 3420+ 05 ABSTRACT: In this work, g-C3N,/rGO nanocomposites were synthesized to use them
as photocatalysts in Li-ion oxygen batteries by aiming at the reduction of the charging
potential efficiently under photoassisted conditions. Fourier transform infrared (FTIR)
spectra showed that novel C=C bonds formed between g-C;N, and rGO during the
decomposition of melamine and that the formation of these bonds was assumed to cause
a red shift in the optical absorption band edge. The competition between the narrowing
in the optical band gaps of the nanocomposites as a result of the red shift due to the
presence of rGO and the degradation in the visible light utilization as a result of favorably
absorbed incident light by rGO instead of g-C;N, pointed out that the g-C;N,/3% rGO
25 nanocomposite has the optimum light absorbance efficiency. The photoassisted charging
‘ tests indicated that the g-C;N,/3% rGO nanocomposite reduced the charging potential
800 mA g | 0.08 mA em? . A N s . N n
| — effectively, especially at hlgh‘e‘r current densme_s, and 1_mproved the cyclic discharge—
charge performance of the Li-ion oxygen batteries considerably.
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L° k E¢cKa- &r¢ ay iM, letial (2022) Photoassisted Charging

e e of Li-lon Oxygen Batteries Using g-C3N4/rGO Nanocomposite

e inte Photocatalysts. ACS Appl Mater Interfaces 14:34583834592.
https ://doi.org/10.1021/acsami.2c05607
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Synthesis of MoS,/Graphene Hetero-Film Photocatalyst and
Li-Oxygen Battery Application

Ali Can Celt,” Meltem Cayirli,” Resat Can Ozden,” Ersu Lokcii,”” and Mustafa Anik*®

In this study, bilayer MoS, was synthesized on graphene film
using chemical vapor deposition (CVD) to get a hetero-film
photo-catalyst for the photo-assisted charging of Li-oxygen
battery. The synthesized hetero-film exhibited an optical band
gap of 1.8 eV and a valence band edge potential of —1.23 V,,

visible-light irradiation. The anodic nature of the photocurrents
indicated that the synthesized semiconductor film was n-type.
Photo-assisted testing demonstrated that the MoS,/graphene
hetero-film photo-catalyst significantly reduced the charging
potential and increased the discharging potential at a current

gl (2.04 Vi, ). Fast-responding photocurrents in the micro-  density of 0.1 mAcm °, thereby greatly enhancing the cyclic
ampere range were achieved through on-off cycles under  performance of the Li-oxygen battery.

CelAC, ¢ayiMI¥zdeOyet al (2024) Synthesis of
MoS 2 / Graphene Hetero-Film Photocatalyst and Li-
000 Oxygen Battery Application . ChemElectroChem

N 202400577:100815. https ://doi.org/10.1002/celc.202400577
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Synthesis of N-Doped Graphene Photo-Catalyst for
Photo-Assisted Charging of Li-lon Oxygen Battery

Nilay Kagar, Ersu Lékgii, Meltem Cayirli, Resat Can Ozden, Sahin Coskun, Cigdem Toparli,
ibrahim Celikyiirek, and Mustafa Anik*

Ka- &NfL° k-E¢g¢ ayiM,let al (2024) Synthesis of N-Doped
Graphene Photo-Catalyst for Photo-Assisted Charging of Li-lon
Oxygen Battery . Glob Challenges 8:107.
https ://doi.org/10.1002/gch2.202300166
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Engineering Oxygen Vacancies in (FeCrCoMnZn);0, ;s High
Entropy Spinel Oxides Through Altering Fabrication
Atmosphere for High-Performance Rechargeable Zinc-Air
Batteries

Cagla Ozgur, Tuncay Erdil, Uygar Geyikci, Can Okuyucu, Ersu Lokcu, Yunus Eren Kalay,
and Cigdem Toparli*

Ozgur C, Erdil T, Geyikci U, et al (2024) Engineering Oxygen
Vacancies in (FeCrCoMnZn )304-4 High Entropy Spinel
Oxides Through Altering Fabrication Atmosphere for High -
Performance  Rechargeable Zinc-Air  Batteries. Glob
Challenges 8:1814. https ://doi.org/10.1002/gch2.202300199
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Earth-Abundant Divalent Cation High-Entropy Spinel Ferrites as
Bifunctional Electrocatalysts for Oxygen Evolution and Reduction
Reactions

Tuncay Erdil, Cagla Ozgur, Uygar Geyikci, Ersu Lokeu, and Cigdem Toparli*

E Read Online

Article Recommendations |

Cite This: ACS Appl. Energy Mater. 2024, 7, 7775-7786

ACCESS |

ABSTRACT: High-entropy spinel ferrites (HESFs) offer long-term stability and
activity in oxygen electrochemical reactions due to entropy stabilization and
synergistic effects of multiple elements within their crystal structure. However,
conventional HESFs often rely on transition metals for high configurational entropy,
limiting their accessibility and sustainability. In this study, we successfully synthesized
a high-entropy spinel oxide using earth-abundant elements, such as Mg, Cu, and Zn
(Mg-Fe,0,), addressing the need for more sustainable materials without
compromising performance. Despite differences in cation composition, both
synthesized HESFs maintain identical crystal structures and lattice constants.
Incorporating smaller-radius elements like Mg, Cu, and Zn does not affect the
crystal structure, achieving high-entropy spinel ferrites with similar properties to
traditional counterparts, e.g, (CoCrFeMnNi)Fe,0,. Material characterization and
electrochemical analyses demonstrate comparable performance, including over 200 h
of continuous battery operation. These findings highlight the potential of utilizing more accessible materials to create efficient
HESFs, expanding their applicability in energy conversion and storage.

|l Metrics & More | Q Supporting Information

Tiee ihour)

KEYWORDS: high-entropy oxides, spinel ferrites, bifunctional electrocatalysis, zinc-air batteries, earth-abundant elements
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Erdil T, Ozgur C, Geyikci U, et al (2024) Earth -Abundant Divalent

Cation High -Entropy Spinel Ferrites as

Bifunctional

Electrocatalysts for Oxygen Evolution and Reduction Reactions.

ACS Appl Energy Mater . https ://doi.org/10.1021/acsaem.4c01227
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Electrochemical Performance of (MgCoNiZn),_,Li,O High-Entropy
Oxides in Lithium-lon Batteries
Ersu Lokgii, Cigdem Toparli, and Mustafa Anik*

E Read Online

Article Recommendations |

Cite This; ACS Appl. Mater. Interfaces 2020, 12, 2386023866

ACCESS |

ABSTRACT: High-entropy oxides (HEOs), which are a new class

[l Metrics & More ‘ @ Ssupporting Information

(MgCeNiZn), ,Li,0 high entropy cxide anodes

of single-phase solid solution materials, have recently attracted g° L o o [ o
significant attention as an anode material for lithium-ion batteries * ® < o o
(LIBs). In this study, (MgCoNiZn),_Li,0 (x = 0.05, 0.15, 025, @ o Swwrrmmr—mme ® o _®
and 0.35) HEOs were synthesized and their electrochemical @ L \ow chargs tansier T
performances as the anode material were observed in LIBs. X-ray 0 ® g K ok
photoelectron  spectroscopy (XPS) analysis showed that the 0 o L4 -~ @
increase in the lithium cation concentration causes generation of Oxygen
more oxygen vacancies, which greatly affected the electrochemical ™Ms* co™ i za® 1 Oxyeen vecmey &

* s e = ® O .

performance of (MgCoNiZn),_,Li,0 HEO anodes, in the
structure. The more the oxygen vacancy concentration in the
anode, the higher the discharge capacity in the LIB. The (MgCoNiZn),Lis 350 anode had 1930 mA h g~' initial and 610 mA h g~*
stable (after 130 cycles) discharge capacities at a current density of 1000 mA g_l. This work clearly indicated that designing a HEQ
with abundant oxygen vacancies in the structure was a very efficient strategy to improve the electrochemical performance of the
HEOQO electrode for LIBs.

KEYWORDS: high-entropy oxides, conversion-type anode, Li-ion battery, oxygen vacancies, charge compensation

L ° k E¢Toparli ¢ ,Anik M (2020) Electrochemical Performance of
(MgCoNiZn )1-xLixO  High -Entropy @ Oxides in  Lithium -lon
Batteries. ACS Appl Mater Interfaces 12:23860023866.
https ://doi.org/10.1021/acsami.0c03562
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Investigating the Structural and Lithium Storage Properties of High-Entropy | &

Oxides in the Mg-Co-Ni-Cu-Zn-O System

Ersu Lokgii, Mustafa Anik -

Department of Metallurgical and Materials Engineering, Eskisehir Osmangazi University, 26040 Eskisehir, Turkey

ARTICLE INFO ABSTRACT

Keywords: Recently, a new class of materials known as high-entropy oxides (HEOs) has emerged as an alternative electrode

High-entropy Oxides material for the next-generation Li-ion batteries. However, the discovery of these materials brings forth a broad

|I_|erfnod¥namics _ range of compositions remained unexplored. This study aimed to investigate the structural and electrochemical

Lithium-ion batteries characteristics of the non-equiatomic HEOs. Accordingly, ten different samples were synthesized in the Mg-Co-
Ni-Cu-Zn-O system at very high (35 mol. %) and very low (5 mol. %) constituent proportions. Our experimental
and theoretical results indicated that the thermodynamic stability of the HEOs was affected significantly by the
enthalpic contributions arising from the lattice strain. These findings may provide a more consistent design
approach in selection of a suitable component for the synthesis of the single-phase HEOs. Furthermore, the
specific capacity, cycling stability and lithiation voltage of the electrodes have also been shown to be influenced
by each individual constituent of the electrode.

L ° k E¢Anik M (2024) Investigating the Structural and Lithium
Storage Properties of High -Entropy Oxides in the Mg-Co-Ni-Cu-
Zn-0O System. Scr Mater 240..
https ://doi.org/10.1016/j.scriptamat .2023.115840
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Photo-Assisted Charge-Discharge Behavior of NMC622
Cathode

Meltem Cayirli | Ersu Likgii | Resat Can Ozden | Mustafa Anik

Department of Metallurgical and Materials Engineering. Eskisehir Osmangazi University, Eskisehir, Turkey

Correspondence: Mustafa Anik (manik@ogu.edu.ir)
Received: 16 February 2026 | Revised: 16 February 2026 | Accepted: 4 March 2026

Keywords: chemical vapor deposition | Li-ion batteries | N-Doped graphene | NMC622 | photo-assistance

ABSTRACT

In this study, a nitrogen (N)-doped graphene film was synthesized on copper foil via chemical vapor deposition (CVD) and
employed as a photocatalytic electrode for the photo-assisted charging and discharging of lithium-ion batteries (LIBs). By
integrating the photocatalyst as a separate electrode and allowing the cathode to function solely in its conventional role, this
configuration mitigated the long-term degradation of light-harvesting efficiency commonly observed in semiconductor-based
cathodes and eliminated the constraint of using only semiconductor materials in LIBs. The photo-charging response of the LIB
under 1 Sun illumination yielded a photo-conversion efficiency (%) of 0.152% for the N-doped graphene. Photo-assisted operation
enhanced the discharge capacity by at least 15%, improved capacity retention to 90%, and maintained a Coulombic efficiency
of 100% over 100 cycles in NMCa22 half-cells. The photo-generated electrons effectively accelerated interfacial charge transfer
kinetics, thereby facilitating redox reactions at the electrode-electrolyte interface during cycling. Overall, this photo-assisted
strategy not only improves LIB performance but also offers a promising route for integrating solar energy conversion directly
into energy storage technologies.

cayi ™M iL°k-E ¥zdeRC, Ank M (2026)
Photo Assisted ChargedDischarge Behavior of NMC 622
Cathode. Glob Challenges 10:189.
https ://doi.org/10.1002/gch2.70100
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Temperature-controlled porosity in glycine-derived
high-entropy spinel oxides for long-life zinc—air
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Effect of rGO loading on the electrochemical performance
of Li,,Sis/rGO composite anodes for lithium-ion batteries
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