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In this work, a new method is developed to synthesize an L-cysteine-based graphene oxide
(L-Cy-rGO) electrocatalyst by a chemical synthesis approach. The electrocatalytic studies of
L-Cy-rGO for the oxygen reduction reaction (ORR) and hydrazine oxidation reaction
(HOR) have been demonstrated, as important fuel-cell oxidation and reduction reactions
confirm its bifunctional nature. The electrochemical ORR performance of L-Cy-rGO is
significantly improved with an onset potential of 0.77 V vs reversible hydrogen electrode
(RHE) and a current density of —2.32 mA/cm? in O,-saturated 0.5 M KOH electrolytes.
The electrochemical impedance spectroscopy (EIS) and chronoamperometric (i—t)
measurements of the electrocatalyst are also carried out toward determining the feasibility
of electron transfer and current/potential stability at the interface. The L-Cy-rGO
electrocatalyst shows excellent activity toward ORR in alkaline medium. Furthermore, L-
Cy-rGO shows better electrocatalytic activity toward HOR at an onset potential of 1.01 V vs
RHE and the maximum current density of 65 mA/cm? at a potential of 1.59 V vs RHE at 35
uM hydrazine hydrate in 0.5 M KOH. The electrochemical studies show that the L-Cy-rGO
exhibits the highest electrocatalytic activity toward hydrazine oxidation. Moreover, the L-
cysteine-functionalized graphene oxide supporting material plays an excellent role that
could be from their synergistic catalytic effect. The L-Cy-rGO electrocatalyst shows
excellent electrochemical ORR and HOR performances due to the presence of S- and N-
heteroatom-containing surface of GO that enhances the electrocatalytic activity and
electron transfer capabilities toward the ORR. Morphological studies based on high-
resolution transmission electron microscopy (HRTEM) confirm that the size of L-Cy-rGO is
~10 nm. X-ray photoelectron spectroscopy (XPS) analysis confirms the surface
functionalization of GO by L-cysteine (L-Cy-rGO) from the binding energies of C—S, C—N,
C—-0, and C-C signals. Based on these findings, we find that the metal-free amino acid-
functionalized carbon-based electrocatalyst shows excellent electrochemical ORR and HOR
performances and demonstrate its key role toward enhancement in activities.
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counter electrodes; CV of GCE, GO, and .-Cy-rGO with NH,NH,; CV curves of GCE, GO, and -
Cy-rGO with NH,NH,; and tables for calculated EFs for ORR and HOR (PDF)

» €f0c04298_si_001.pdf (842.24 kb)

Terms & Conditions

Most electronic Supporting Information files are available without a subscription to ACS Web
Editions. Such files may be downloaded by article for research use (if there is a public use license
linked to the relevant article, that license may permit other uses). Permission may be obtained
from ACS for other uses through requests via the RightsLink permission system:
http://pubs.acs.org/page/copyright/permissions.html.

Cited By

Citation Statements beta ©
Supporting Mentioning Contrasting

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/acs.energyfuels.0c04298 4/9


https://pubs.acs.org/action/ssoRequestForLoginPage
https://pubs.acs.org/doi/10.1021/acs.energyfuels.0c04298?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.energyfuels.0c04298/suppl_file/ef0c04298_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.energyfuels.0c04298/suppl_file/ef0c04298_si_001.pdf
https://pubs.acs.org/page/copyright/permissions.html
https://scite.ai/reports/heteroatom-n-o-and-s-based-zREEkQZQ
https://scite.ai/reports/heteroatom-n-o-and-s-based-zREEkQZQ
https://scite.ai/
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/

6/16/24, 12:46 PM Heteroatom (N, O, and S)-Based Biomolecule-Functionalized Graphene Oxide: A Bifunctional Electrocatalyst for Enhancing ...

R Most Trusted. Most Cited. Most Read.

Reactions. Langmuir 2024, 40 (5) , 2672-2685. https://doi.org/10.1021/acs.langmuir.3c03205

2. Debojit Ghosh, Rumeli Banerjee, Samanka Narayan Bhaduri, Rupak Chatterjee, Samarpita Das, Indrani
Pramanick, Asim Bhaumik, Papu Biswas. MnO2 Nanorods on Mesoporous Carbon as a Bifunctional
Electrocatalyst for Hydrazine Oxidation and Oxygen Reduction Reactions in Alkaline Media. ACS Applied Nano
Materials 2024, 7 (1), 1339-1347. https://doi.org/10.1021/acsanm.3c05474

3. Pratiksha D. Tanwade, Ajay V. Munde, Balaji B. Mulik, Arindam Adhikari, Rajkumar Patel, Bhaskar R. Sathe.
NiO-Nanoparticle-Embedded Polyaniline for Enhanced Ammonia and Water Oxidation Reactions. Energy &
Fuels 2023, 37(24),19959-19970. https://doi.org/10.1021/acs.energyfuels.3c03536

4. Vijay S. Sapner, Pratiksha D. Tanwade, Ajay V. Munde, Bhaskar R. Sathe. Cobalt/Cobalt Oxide Nanorods-
Decorated Reduced Graphene Oxide (Co/Co304-rGO) for Enhanced Electrooxidation of Glycerol. ACS Applied
Nano Materials 2023, 6 (18) , 16414-16423. https://doi.org/10.1021/acsanm.3c02636

5. Devendra Mayurdhwaj Sanke, Jasmine Bezboruah, Ajay Vinayakrao Munde, Shiladitya Roy, Sanjio S. Zade.
Photoelectrochemical Production of Hydrogen Peroxide with TiO2 and 1,5-Di(thien-2-yl)-9,10-anthraquinone via
a Selective Two-Electron Oxygen Reduction Reaction in the Two-Compartment Cell. Energy & Fuels 2023, 37
(13),9538-9547. https://doi.org/10.1021/acs.energyfuels.3c01173

6. Rajib Adhikary, Abhishek De, Sudip Chattopadhyay, Jayati Datta. Featured Contributes of Pd—Co-Decorated
MnO2 NPs toward ORR Kinetics in Low-Temperature Fuel Cells: Outstanding Electrocatalysis Eliminating Pt
and Carbon from Electrodes. Energy & Fuels 2022, 36 (23) , 14411-14422.
https://doi.org/10.1021/acs.energyfuels.2c03186

7. Yanping Ding, Lianming Zhao, Yanfu Tong, Weichao Kong, Bingyu Li, Jiajun Wang, Xiaonan Han, Wei Xing,
Jing Xu. Designing High-Performance Se-Decorated Edges of MoSe2 Nanostripes for the Hydrogen Oxidation
Reaction: Effect of Transition Metal Doping. The Journal of Physical Chemistry C 2022, 126 (32), 13617-
13628. https://doi.org/10.1021/acs.jpcc.2c03626

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/acs.energyfuels.0c04298 5/9


https://doi.org/10.1021/acs.langmuir.3c03205
https://doi.org/10.1021/acsanm.3c05474
https://doi.org/10.1021/acs.energyfuels.3c03536
https://doi.org/10.1021/acsanm.3c02636
https://doi.org/10.1021/acs.energyfuels.3c01173
https://doi.org/10.1021/acs.energyfuels.2c03186
https://doi.org/10.1021/acs.jpcc.2c03626
https://doi.org/10.1021/acs.energyfuels.2c00676
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/

6/16/24, 12:46 PM Heteroatom (N, O, and S)-Based Biomolecule-Functionalized Graphene Oxide: A Bifunctional Electrocatalyst for Enhancing ...

R Most Trusted. Most Cited. Most Read.

10. Kun Xiang, Yongjing Wang, Zechao Zhuang, Jing Zou, Neng Li, Dingsheng Wang, Tianyou Zhai, Jizhou
Jiang. Self-healing of active site in Co(OH)2/MXene electrocatalysts for hydrazine oxidation. Journal of
Materials Science & Technology 2024, 203, 108-117. https://doi.org/10.1016/j.jmst.2024.03.038

11. Pratiksha D. Tanwade, Balaji B. Mulik, Bhaskar R. Sathe, B. B. Musmade, Vinayak Shinde, Akihiro Furube,
Panakaj Koinkar. Enhanced electrocatalytic hydrazine oxidation on MoS 2 -GO nanosheets. /nternational
Journal of Modern Physics B2024, 38 (12n13) https://doi.org/10.1142/S0217979224400186

12. Junjie Zhao, Zhi Huang, Liwen Zhou, Shaofu Kuang, Zugao Pi, Hua Lin, Ming Nie, Qing Li. Formation of GO
supported CoS2@MoS?2 heterostructures with efficient electrocatalysis for water splitting. Chemical Physics
Letters 2024, 847,141195. https://doi.org/10.1016/j.cplett.2024.141195

13. A. Letona-Elizburu, M. Enterria, A. Aziz, S. Villar-Rodil, J.I. Paredes, J. Carrasco, N. Ortiz-Vitoriano.
Biomimetic nucleotide-graphene hybrids for electrocatalytic oxygen conversion: Quantifying biomolecule mass
loading. Sustainable Materials and Technologies 2024, 39, e00835.
https://doi.org/10.1016/j.susmat.2024.e00835

14. Abhishek De, Rajib Adhikary, Jayati Datta. Transition metal oxide-polymer composite supported
PtPd/PNVC-WO03 nano-catalyst: Multifaceted functional behavior boosting the performance of ethanol
oxidation kinetics. Materials Chemistry and Physics 2024, 313, 128794.
https://doi.org/10.1016/j.matchemphys.2023.128794

15. Cuizhen Yang, Tingyao Wang, Chengcheng Li, Yongtao Li, Dongming Liu, Qingan Zhang. Recent progress
on 2D material-based nanoarchitectures for small molecule electro-oxidation. Materials Chemistry Frontiers
2024, 8(2) , 404-433. https://doi.org/10.1039/D3QM00905J

16. Komal A. Trivedi, Urvi M. Lad, Chetan K. Modi. Graphene and Graphene Oxide: A Long Race Horse.
Proceedinas of the National Academv of Sciences. India Section A- Phvsical Sciences 2023 93 (4) 575-547

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/acs.energyfuels.0c04298 6/9


https://doi.org/10.1021/acs.energyfuels.1c04371
https://doi.org/10.1016/j.jmst.2024.03.038
https://doi.org/10.1142/S0217979224400186
https://doi.org/10.1016/j.cplett.2024.141195
https://doi.org/10.1016/j.susmat.2024.e00835
https://doi.org/10.1016/j.matchemphys.2023.128794
https://doi.org/10.1039/D3QM00905J
https://doi.org/10.1007/s40010-023-00847-7
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/

6/16/24, 12:46 PM Heteroatom (N, O, and S)-Based Biomolecule-Functionalized Graphene Oxide: A Bifunctional Electrocatalyst for Enhancing ...

R Most Trusted. Most Cited. Most Read.

18. Hao-yang Wang, Ying Jia. Escape inhibition of unsymmetrical dimethylhydrazine in aqueous solution by
carboxyl-rich graphene oxide loaded with Fe304. Journal of Molecular Liquids 2023, 386, 122240.
https://doi.org/10.1016/j.molliq.2023.122240

19. Xiangtai Zhang, Shuozhen Hu, Mingyuan Zhang, Xinsheng Zhang. Glucose-hexamethylenetetramine-
derived Co, N Co-doped Carbon Nanoflowers with Encapsulated Co@Co 3 O 4 as Efficient Bifunctional Oxygen
Electrocatalyst for Zinc-air Batteries. ChemNanoMat 2023, 9 (7) https://doi.org/10.1002/cnma.202300221

20. E.M. Sadek, S.M. Ahmed, N.A. Mansour. Carbon nanotubes and other carbon nanomaterials: Prospects for
functionalization. 2023, 107-147. https://doi.org/10.1016/B978-0-12-824366-4.00004-2

271. Mahboobeh Rafieepoor Chirani, Elaheh Kowsari, Seeram Ramakrishna, Hossein Salar Amoli, Maryam
Yousefzadeh, Amutha Chinnappan. A sustainable gel-state ionic liquid-based dye-sensitized solar cell with a
novel synthesized lansoprazole functionalized graphene oxide. Journal of Molecular Liquids 2022, 364,
119999. https://doi.org/10.1016/j.molliq.2022.119999

22. Raviraj P. Dighole, Ajay V. Munde, Balaji B. Mulik, Sanjio S. Zade, Bhaskar R. Sathe. Melamine functionalised
multiwalled carbon nanotubes (M-MWCNTSs) as a metal-free electrocatalyst for simultaneous determination of
4-nitrophenol and nitrofurantoin. New Journal of Chemistry 2022, 46 (36) , 17272-17281.
https://doi.org/10.1039/D2NJ03901J

23. Xincong Lv, Wenbin Xu, Weining Qin, Weiqi Li. Electron transfer channel in BiOBr/Bi203 heterojunction
enhanced photocatalytic removal for fluoroquinolone antibiotics. Colloids and Surfaces A: Physicochemical
and Engineering Aspects 2022, 648, 129353. https://doi.org/10.1016/j.colsurfa.2022.129353

24. Hao-yang Wang, Ying Jia, Xiao-meng Lv, Ke-ke Shen. Escape inhibition of unsymmetrical
dimethylhydrazine in aqueous solution by carboxyl-rich graphene oxide. Journal of Molecular Liquids 2022, 359
, 119197. https://doi.org/10.1016/j.molliq.2022.119197

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/acs.energyfuels.0c04298 7/9


https://doi.org/10.1007/s11581-023-05211-8
https://doi.org/10.1016/j.molliq.2023.122240
https://doi.org/10.1002/cnma.202300221
https://doi.org/10.1016/B978-0-12-824366-4.00004-2
https://doi.org/10.1016/j.molliq.2022.119999
https://doi.org/10.1039/D2NJ03901J
https://doi.org/10.1016/j.colsurfa.2022.129353
https://doi.org/10.1016/j.molliq.2022.119197
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/

6/16/24, 12:46 PM Heteroatom (N, O, and S)-Based Biomolecule-Functionalized Graphene Oxide: A Bifunctional Electrocatalyst for Enhancing ...

R Most Trusted. Most Cited. Most Read.

26. Kun Wang, Qing Wang, Lei Jin, Bingji Huang, Hui Xu, Xingyue Qian, Haiqun Chen, Guangyu He. Engineering
thiospinel-based hollow heterostructured nanoarrays for boosting electrocatalytic oxygen evolution reaction.
Inorganic Chemistry Frontiers 2022, 9(10) , 2403-2409. https://doi.org/10.1039/D2QI00077F

27. Hua Tian, Jingxin Liu, Jianrong Guo, Leigang Cao, Junhui He. L-Cysteine functionalized graphene oxide
nanoarchitectonics: A metal-free Hg2+ nanosensor with peroxidase-like activity boosted by competitive
adsorption. Talanta 2022, 242,123320. https://doi.org/10.1016/j.talanta.2022.123320

28. M. Gopalakrishnan, A.A. Mohamad, M.T. Nguyen, T. Yonezawa, J. Qin, P. Thamyongkit, A.
Somwangthanaroj, S. Kheawhom. Recent advances in oxygen electrocatalysts based on tunable structural
polymers. Materials Today Chemistry 2022, 23, 100632. https://doi.org/10.1016/j.mtchem.2021.100632

29. K.M. Thushara, Mano Ranjana Ponraj, Pavankumar Muralkar, Naveenkumar Subramani, Nandha Gopal
Balasubramaniyan, Anna Benedict Balakrishnan, Wilson Kumar, Jebasingh Bhagavathsingh. Design and
synthesis of imino alcohol decorated graphene oxide nanosheets as an electrode material for sensor
applications. Materials Today: Proceedings 2022, 56, 390-394. https://doi.org/10.1016/j.matpr.2022.01.224

30. Mir Ghasem Hosseini, Vahid Daneshvari-Esfahlan, Sigrid Wolf, Viktor Hacker. Cobalt-modified palladium
nanocatalyst on nitrogen-doped reduced graphene oxide for direct hydrazine fuel cell. RSC Advances 2021, 71
(62),39223-39232. https://doi.org/10.1039/DTRA07099A

31. M. Faizan Khan, Ahsanulhaq Qurashi. Micro-indented-mechanically-engineered Ni-Fe-Mo-Cu alloying
electrocatalyst for oxygen evolution reaction: A cost-effective approach for green hydrogen production.
Electrochimica Acta 2021, 400, 139345. https://doi.org/10.1016/j.electacta.2021.139345

32. Mir Ghasem Hosseini, Vahid Daneshvari-Esfahlan, Hossein Aghajani, Sigrid Wolf, Viktor Hacker. Palladium-
Nickel Electrocatalysts on Nitrogen-Doped Reduced Graphene Oxide Nanosheets for Direct
Hydrazine/Hydrogen Peroxide Fuel Cells. Catalysts 2021, 77 (11), 1372,
https://doi.org/10.3390/catal11111372

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/acs.energyfuels.0c04298 8/9


https://doi.org/10.1039/D2NJ01392D
https://doi.org/10.1039/D2QI00077F
https://doi.org/10.1016/j.talanta.2022.123320
https://doi.org/10.1016/j.mtchem.2021.100632
https://doi.org/10.1016/j.matpr.2022.01.224
https://doi.org/10.1039/D1RA07099A
https://doi.org/10.1016/j.electacta.2021.139345
https://doi.org/10.3390/catal11111372
https://doi.org/10.1002/slct.202102625
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/

6/16/24, 12:46 PM Heteroatom (N, O, and S)-Based Biomolecule-Functionalized Graphene Oxide: A Bifunctional Electrocatalyst for Enhancing ...

R Most Trusted. Most Cited. Most Read. -~
e e et e e ey~ Ay ) e e

https://doi.org/10.1002/slct.202100608

Download PDF

Partners

W
COUNTER

1155 Sixteenth Street N.W.
Washington, DC 20036
Copyright © 2024
American Chemical Society

About Resources and Support & Contact
Information
About ACS Publications Help
ACS & Open Access Journals A-Z Live Chat
ACS Membership Books and Reference FAQ
ACS Publications Blog Advertising Media Kit

Institutional Sales
ACS Publishing Center
Privacy Policy
Terms of Use

This website uses cookies to improve your user experience. By continuing to use the site, you are accepting
our use of cookies. Read the ACS privacy policy.

CONTINUE

https://pubs.acs.org/doi/10.1021/acs.energyfuels.0c04298 9/9


https://pubs.acs.org/doi/pdf/10.1021/acs.energyfuels.0c04298
http://www.atypon.com/
http://www.chorusaccess.org/
http://publicationethics.org/
http://www.projectcounter.org/
http://www.crossref.org/
http://www.crossref.org/crosscheck/index.html
http://www.orcid.org/
http://www.portico.org/
https://pubs.acs.org/
https://pubs.acs.org/
http://www.acs.org/content/acs/en/copyright.html
http://www.acs.org/content/acs/en/copyright.html
https://pubs.acs.org/page/about-us.html
http://acsopenscience.org/
https://www.acs.org/content/acs/en/membership/member-benefits/publications-discounts.html
https://axial.acs.org/?utm_source=pubsw&utm_medium=web&utm_campaign=IC001_ST0001R_T000301_Pubs_Home&src=IC001_ST0001R_T000301_Pubs_Home
https://pubs.acs.org/action/showPublications?pubType=journal
https://pubs.acs.org/action/showPublications?pubType=book
http://acsmediakit.org/digital/acs-pubs/?utm_source=Footer&utm_medium=Pubs&utm_campaign=CEN
https://solutions.acs.org/
https://publish.acs.org/publish/
http://www.acs.org/content/acs/en/privacy.html
https://www.acs.org/content/acs/en/terms.html
https://acs.service-now.com/acs
https://acs.service-now.com/acs
https://preferences.acs.org/journals
https://www.facebook.com/ACSPublications/
https://twitter.com/ACSPublications
https://www.youtube.com/user/AmerChemSoc
https://pubs.acs.org/page/follow.html?widget=follow-pane-rss
https://doi.org/10.1002/slct.202100608
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/

