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Abstract

Direct ethanol fuel cells (DEFCs) are one of the resourceful and sustainable technologies
for energy applications. Ethanol oxidation has been used to construct cost-effective and
proficient electrocatalysts to substitute noble-based electrocatalysts like Rh, Pd, Ir, and Ag.
Here in, we have presented a surface modification approach of doping a crucial oxophilic
character metal onto a transition metal with carbon support. Noble metal-free cobalt–
bismuth bimetallic nanoparticle-decorated reduced graphene oxide (Co–Bi@rGO)
electrocatalysts were fabricated for enhanced ethanol oxidation reaction from their
synergetic effect of rGO, Co, and Bi. A highly active, cost-effective, and efficient approach
has been developed for the preparation of Co–Bi@rGO (Co NPs; ∼2 nm), initially Bi@rGO
(Bi NPs@rGO; ∼50 nm), by a simple reduction method followed by Co, by Galvanic
exchange of Bi atoms with Co. The as-synthesized nanocomposites were characterized by
transmission electron microscopy, Fourier transform infrared spectroscopy, X-ray
diffraction, thermogravimetric analysis, Raman spectroscopy, X-ray photoelectron
spectroscopy (XPS), and BET surface area measurement studies. Cyclic voltammetric
studies show an ultralow onset potential of 0.28 V with a high current density of 10.25
mA/cm , having a higher enhancement factor for Co–Bi@rGO compared to other
individuals, including Bi NPs, Bi@rGO, and rGO under similar electrolyte conditions,
which could be due to their synergetic cooperative interactions at electrified interfaces.
Combined results from chronoamperometry (i–t) and electrochemical impedance
spectroscopy show that Co–Bi@rGO is highly durable and sensitive toward the ethanol
oxidation reaction compared to individual counterparts. This work also provides the noble
metal-free bimetallic electrocatalysts for ethanol oxidation and assists in hydrogen
production from an agricultural base.

2

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 2/10

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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/




Purchase Access

Read this article for 48 hours. Check out below
using your ACS ID or as a guest.

Purchase Access

Restore my guest access

Recommended



Access through Your Institution

You may have access to this article through
your institution.

 Access Through Your Institution



Log in to Access

You may have access to this article with your
ACS ID if you have previously purchased it or

have ACS member bene�ts. Log in below.

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

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 3/10

https://pubs.acs.org/action/showRestoreContentAccess
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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/


Login with ACS ID

Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.jpcc.0c10668.

Synthesis of cobalt reduced graphene oxide, characterization and electrochemical results
related to the electrocatalyst; SEM, TEM, and HR-TEM images; FTIR spectra; Raman spectra;
XPS spectra; CV for concentration of the ethanol oxidation; CV for the scan rate of ethanol
oxidation; chronoamperometric study on the ethanol oxidation; and CV of (i) Pt/C and (ii)
Co–Bi@rGO (PDF)

Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated 
Bi@rGO): Reaction Pathway Investigation toward Direct Ethanol Fuel Cells

figshare

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

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 4/10

https://pubs.acs.org/action/ssoRequestForLoginPage
https://pubs.acs.org/doi/10.1021/acs.jpcc.0c10668?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.jpcc.0c10668/suppl_file/jp0c10668_si_001.pdf
https://figshare.com/collections/Electrocatalytic_Ethanol_Oxidation_on_Cobalt_Bismuth_Nanoparticle-Decorated_Reduced_Graphene_Oxide_Co_Bi_rGO_Reaction_Pathway_Investigation_toward_Direct_Ethanol_Fuel_Cells/5275274
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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/


Terms & Conditions
Most electronic Supporting Information �les are available without a subscription to ACS Web
Editions. Such �les 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

Supporting Mentioning Contrasting

Explore this article's citation statements on scite.ai

powered by  

This article is cited by 36 publications.

1. ZhangFei Su, Jonathan Quintal, Muhanad Al-Jeda, Antony R. Thiruppathi, Jacek Lipkowski, Aicheng Chen.
Electrochemical Reduction of Graphene Oxide on the Gold Surface: Localized Electrochemical Impedance and
In Situ Polarization Modulation Infrared Re�ection Absorption Spectroscopic Studies. The Journal of Physical
Chemistry C 2023, 127 (44) , 21644-21655. https://doi.org/10.1021/acs.jpcc.3c05839

2. Mingyu Chu, Hu Yang, Xiongfeng Ye, Yinghua Qiu, Muhan Cao, Jinxing Chen, Xiaolei Yuan, Qiao Zhang.
Controllable Construction of PtBi Nanostructures for Enhanced Ethanol Oxidation in Acidic Media. The Journal
of Physical Chemistry C 2023, 127 (17) , 8062-8070. https://doi.org/10.1021/acs.jpcc.3c01356

3. Yong-Hyok Kwon, Xu Yang, Zucheng Wu, Zheng Fan, Wei Xu, Chi-Myong Jon. Anodic Process of Nano-Ni
Hydroxides for the Urea Oxidation Reaction and Its Electrochemical Removal with a Lower Energy Input. The
Journal of Physical Chemistry C 2022, 126 (30) , 12492-12499. https://doi.org/10.1021/acs.jpcc.2c03164

4. Ajay V. Munde, Balaji B. Mulik, Raviraj P. Dighole, Bhaskar R. Sathe. Urea Electro-Oxidation Catalyzed by an
E�cient and Highly Stable Ni–Bi Bimetallic Nanoparticles. ACS Applied Energy Materials 2021, 4 (11) , 13172-
13182. https://doi.org/10.1021/acsaem.1c02755

beta 

 1  19  0

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

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 5/10

https://pubs.acs.org/page/copyright/permissions.html
https://scite.ai/reports/electrocatalytic-ethanol-oxidation-on-cobalt-bismuth-A3y3VYlE
https://scite.ai/reports/electrocatalytic-ethanol-oxidation-on-cobalt-bismuth-A3y3VYlE
https://scite.ai/
https://doi.org/10.1021/acs.jpcc.3c05839
https://doi.org/10.1021/acs.jpcc.3c01356
https://doi.org/10.1021/acs.jpcc.2c03164
https://doi.org/10.1021/acsaem.1c02755
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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/


5. 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. International
Journal of Modern Physics B 2024, 38 (12n13) https://doi.org/10.1142/S0217979224400186

6. Amal Zaher, W. Kamal, Doaa Essam, Esraa M. Yousry, Rehab Mahmoud. Repurposing Co-Fe LDH and Co-Fe
LDH/Cellulose micro-adsorbents for sustainable energy generation in direct methanol fuel cells. Journal of
Water Process Engineering 2024, 62 , 105317. https://doi.org/10.1016/j.jwpe.2024.105317

7. Soliman Gamal, Doaa A. Kospa, Amr Awad Ibrahim, Awad I. Ahmed, A. M. A. Ouf. A comparative study of α-
Ni(OH) 2 and Ni nanoparticle supported ZIF-8@reduced graphene oxide-derived nitrogen doped carbon for
electrocatalytic ethanol oxidation. RSC Advances 2024, 14 (8) , 5524-5541.
https://doi.org/10.1039/D3RA08208C

8. Abhisek Brata Ghosh, Rumeli Banerjee, Shubham Roy, Samanka Narayan Bhaduri, Dipak Kr. Chanda, Papu
Biswas, Abhijit Bandyopadhyay. Synthesis of Poly (3‑bromo thiophene) supported cobalt molybdate
bifunctional catalyst: Manifestation of overall water splitting and hydrazine assisted water splitting.
Electrochimica Acta 2024, 475 , 143521. https://doi.org/10.1016/j.electacta.2023.143521

9. Kai Zhao, Xiaoyi Jiang, Xiaoyu Wu, Haozhou Feng, Xiude Wang, Yuyan Wan, Zhiping Wang, Ning Yan. Recent
development and applications of differential electrochemical mass spectrometry in emerging energy
conversion and storage solutions. Chemical Society Reviews 2024, 51 https://doi.org/10.1039/D3CS00840A

10. Yanan Xie, Lingzhi Sun, Xun Pan, Zhaoyu Zhou, Guohua Zhao. Selective two-electron electrocatalytic
conversion of 5-Hydroxymethylfurfural boosting hydrogen production under neutral condition over Co(OH)2-
CeO2 catalyst. Applied Catalysis B: Environmental 2023, 338 , 123068.
https://doi.org/10.1016/j.apcatb.2023.123068

11. Ritika Wadhwa, Krishna K. Yadav, Ankush, Supriya Rana, Sunaina, Menaka Jha. Cobalt decorated graphitic
carbon nitride photoanode for electrochemical ethanol oxidation: A sustainable way towards clean energy.
International Journal of Hydrogen Energy 2023, 48 (77) , 29982-29995.
https://doi.org/10.1016/j.ijhydene.2023.04.162

12. Mohammad Sadegh Shakeri, Zaneta Swiatkowska‐Warkocka, Oliwia Polit, Tatiana Itina, Alexey
Maximenko, Joanna Depciuch, Jacek Gurgul, Marzena Mitura‐Nowak, Marcin Perzanowski, Andrzej Dziedzic,
Jarosław Nęcki. Alternative Local Melting‐Solidi�cation of Suspended Nanoparticles for Heterostructure

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

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 6/10

https://doi.org/10.1142/S0217979224400186
https://doi.org/10.1016/j.jwpe.2024.105317
https://doi.org/10.1039/D3RA08208C
https://doi.org/10.1016/j.electacta.2023.143521
https://doi.org/10.1039/D3CS00840A
https://doi.org/10.1016/j.apcatb.2023.123068
https://doi.org/10.1016/j.ijhydene.2023.04.162
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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/


Formation Enabled by Pulsed Laser Irradiation. Advanced Functional Materials 2023, 41
https://doi.org/10.1002/adfm.202304359

13. Sanath Kumar, Yen-Pei Fu. ZnCo-layered double hydroxides coupled polyaniline-derived porous carbon: An
e�cient electro-catalyst towards supercapacitor and fuel cells application. Journal of Energy Storage 2023, 62
, 106862. https://doi.org/10.1016/j.est.2023.106862

14. Na Gao, Lingling Gao, Xiutang Zhang, Yujuan Zhang, Tuoping Hu. NiO nanocrystal anchored on pitaya
peel-derived carbon laminated mesoporous composites for the electrocatalytic oxidation of ethanol. Journal of
Alloys and Compounds 2023, 947 , 169485. https://doi.org/10.1016/j.jallcom.2023.169485

15. Belvin Thomas, Chaoyun Tang, Maricely Ramírez‐Hernández, Tewodros Asefa. Incorporation of Bismuth
Increases the Electrocatalytic Activity of Cobalt Borates for Oxygen Evolution Reaction. ChemPlusChem 2023,
88 (5) https://doi.org/10.1002/cplu.202300104

16. Krishnan Veeramani, Gnanaprakasam Janani, Joonyoung Kim, Subramani Surendran, Jaehyoung Lim,
Sebastian Cyril Jesudass, Shivraj Mahadik, Hyunjung lee, Tae-Hoon Kim, Jung Kyu Kim, Uk Sim. Hydrogen and
value-added products yield from hybrid water electrolysis: A critical review on recent developments. Renewable
and Sustainable Energy Reviews 2023, 177 , 113227. https://doi.org/10.1016/j.rser.2023.113227

17. Andrew Kim, Seok Hyeon Oh, Arindam Adhikari, Bhaskar R. Sathe, Sandeep Kumar, Rajkumar Patel.
Recent advances in modi�ed commercial separators for lithium–sulfur batteries. Journal of Materials
Chemistry A 2023, 11 (15) , 7833-7866. https://doi.org/10.1039/D2TA09266B

18. Shivsharan M. Mali, Shankar S. Narwade, Balaji B. Mulik, Renuka V. Digraskar, Rajkumar R. Harale, Bhaskar
R. Sathe. Enhanced Electrochemical Ethanol Sensitivity on Ni/NiO‐rGO Hybrids Nanostructures at Room
Temperature. ChemistrySelect 2023, 8 (12) https://doi.org/10.1002/slct.202204328

19. Wei-Juan Chen, Tian-Yu Zhang, Xue-Qian Wu, Yong-Shuang Li, Yunling Liu, Ya-Pan Wu, Zhao-Bo He, Dong-
Sheng Li. A 3D Ni8-cluster-based MOF as a molecular electrocatalyst for alcohol oxidation in alkaline media.
Chinese Journal of Structural Chemistry 2023, 42 (2) , 100018. https://doi.org/10.1016/j.cjsc.2023.100018

20. Fariba Kaedi, Ali Vahabi, Simin Rahat-Dahmardeh, Zahra Yavari, Hamideh Saravani, Ahmad Reza Abbasian.
Transition metal oxides synthesized by self-sustaining combustion method as an accelerator to desorb
produced intermediates during ethanol oxidation. Results in Chemistry 2023, 5 , 100974.
https://doi.org/10.1016/j.rechem.2023.100974

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

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 7/10

https://doi.org/10.1002/adfm.202304359
https://doi.org/10.1016/j.est.2023.106862
https://doi.org/10.1016/j.jallcom.2023.169485
https://doi.org/10.1002/cplu.202300104
https://doi.org/10.1016/j.rser.2023.113227
https://doi.org/10.1039/D2TA09266B
https://doi.org/10.1002/slct.202204328
https://doi.org/10.1016/j.cjsc.2023.100018
https://doi.org/10.1016/j.rechem.2023.100974
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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/


21. Ajay Munde, Priti Sharma, Somnath Dhawale, Ravishankar G. Kadam, Subodh Kumar, Hanumant B. Kale,
Jan Filip, Radek Zboril, Bhaskar R. Sathe, Manoj B. Gawande. Interface Engineering of SRu-mC3N4
Heterostructures for Enhanced Electrochemical Hydrazine Oxidation Reactions. Catalysts 2022, 12 (12) , 1560.
https://doi.org/10.3390/catal12121560

22. Dumei Wang, Dongtang Zhang, Yanan Wang, Guangsheng Guo, Xiayan Wang, Yugang Sun. Spontaneous
Phase Segregation Enabling Clogging Aversion in Continuous Flow Micro�uidic Synthesis of Nanocrystals
Supported on Reduced Graphene Oxide. Nanomaterials 2022, 12 (23) , 4315.
https://doi.org/10.3390/nano12234315

23. Ajay V. Munde, Balaji B. Mulik, Raviraj P. Dighole, Bhaskar R. Sathe. Stable and highly e�cient Co–Bi
nanoalloy decorated on reduced graphene oxide (Co–Bi@rGO) anode for formaldehyde and urea oxidation
reactions. Materials Chemistry and Physics 2022, 292 , 126843.
https://doi.org/10.1016/j.matchemphys.2022.126843

24. Sanaa Chemchoub, Anas El Attar, Larbi Oularbi, Saad Alami Younssi, Fouad Bentiss, Charafeddine Jama,
Mama El Rhazi. Electrosynthesis of eco-friendly electrocatalyst based nickel-copper bimetallic nanoparticles
supported on poly-phenylenediamine with highest current density and early ethanol oxidation onset potential.
International Journal of Hydrogen Energy 2022, 47 (92) , 39081-39096.
https://doi.org/10.1016/j.ijhydene.2022.09.069

25. Mahmoud A. El-Jemni, Hesham S. Abdel-Samad, Mohamed H. AlKordi, Hamdy H. Hassan. Normalization
of the EOR catalytic e�ciency measurements based on RRDE study for simply fabricated cost-effective
Co/graphite electrode for DAEFCs. Journal of Electroanalytical Chemistry 2022, 918 , 116488.
https://doi.org/10.1016/j.jelechem.2022.116488

26. Seyedsaeed Mehrabi-Kalajahi, Ahmad Ostovari Moghaddam, Fahimeh Hadavimoghaddam, Mikhail A.
Varfolomeev, Almaz L. Zinnatullin, Iskander Vakhitov, Kamil R. Minnebaev, Dmitrii A. Emelianov, Daniil Uchaev,
Andreu Cabot, Il'dar R. Il'yasov, Rustam R. Davletshin, Evgeny Tro�mov, Nailia M. Khasanova, Farit G. Vagizov.
Entropy-stabilized metal oxide nanoparticles supported on reduced graphene oxide as a highly active
heterogeneous catalyst for selective and solvent-free oxidation of toluene: a combined experimental and
numerical investigation. Journal of Materials Chemistry A 2022, 10 (27) , 14488-14500.
https://doi.org/10.1039/D2TA02027K

27. Israel Leka Lera, Sutripto Khasnabis, Lodrick Makokha Wangatia, Femi Emmanuel Olu, Praveen C.
Ramamurthy. Insights into the Electrochemical Behavior and Kinetics of NiP@PANI/rGO as a High-
Performance Electrode for Alkaline Urea Oxidation. Electrocatalysis 2022, 13 (3) , 283-298.
https://doi.org/10.1007/s12678-022-00718-6

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

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 8/10

https://doi.org/10.3390/catal12121560
https://doi.org/10.3390/nano12234315
https://doi.org/10.1016/j.matchemphys.2022.126843
https://doi.org/10.1016/j.ijhydene.2022.09.069
https://doi.org/10.1016/j.jelechem.2022.116488
https://doi.org/10.1039/D2TA02027K
https://doi.org/10.1007/s12678-022-00718-6
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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/


28. Lin Song, Xiaodie Yin, Leijing Zhu, Zhuomin Huang, Jing Ma, Ajing Xu, Yingying Gu, Yarui An, Yuqing Miao.
A speci�c identi�cation platform based on biscuit-like bismuth nanosheets for label-free electrochemical
immunosensor. Analytical Sciences 2022, 38 (3) , 571-582. https://doi.org/10.1007/s44211-022-00067-w

29. Mengxiao Zhong, Weimo Li, Ce Wang, Xiaofeng Lu. Synthesis of hierarchical nickel sul�de nanotubes for
highly e�cient electrocatalytic urea oxidation. Applied Surface Science 2022, 575 , 151708.
https://doi.org/10.1016/j.apsusc.2021.151708

30. Bing Lan, Qiong-Lan Wang, Zhao-Xia Ma, Ya-Juan Wu, Xiao-Le Jiang, Wei-Shang Jia, Cai-Xia Zhou, Yao-Yue
Yang. E�cient electrochemical ethanol-to-CO2 conversion at rhodium and bismuth hydroxide interfaces.
Applied Catalysis B: Environmental 2022, 300 , 120728. https://doi.org/10.1016/j.apcatb.2021.120728

31. Thi-Hong-Hanh Le, Truong-Giang Vo, Chia-Ying Chiang. Highly e�cient amorphous binary cobalt-cerium
metal oxides for selective oxidation of 5-hydroxymethylfurfural to 2,5-diformylfuran. Journal of Catalysis 2021,
404 , 560-569. https://doi.org/10.1016/j.jcat.2021.10.032

32. Mahmoud A. Hefnawy, Sahar A. Fadlallah, Rabab M. El-Sherif, Shymaa S. Medany. Nickel-manganese
double hydroxide mixed with reduced graphene oxide electrocatalyst for e�cient ethylene glycol
electrooxidation and hydrogen evolution reaction. Synthetic Metals 2021, 282 , 116959.
https://doi.org/10.1016/j.synthmet.2021.116959

33. Jing-He Yang, Miaomiao Chen, Xiuhong Xu, Suyu Jiang, Yatao Zhang, Yinghua Wang, Ying Li, Jie Zhang,
Duo Yang. CuO-Ni(OH)2 nanosheets as effective electro-catalysts for urea oxidation. Applied Surface Science
2021, 560 , 150009. https://doi.org/10.1016/j.apsusc.2021.150009

34. Parag P. Chavan, Vijay S. Sapner, Bhaskar R. Sathe. Enhanced Electrochemical NO 2 − Oxidation Reactions
on Biomolecule Functionalised Graphene Oxide. ChemistrySelect 2021, 6 (24) , 6050-6055.
https://doi.org/10.1002/slct.202100608

35. Chan‐Juan Peng, Xin‐Tao Wu, Guang Zeng, Qi‐Long Zhu. In Situ Bismuth Nanosheet Assembly for Highly
Selective Electrocatalytic CO 2 Reduction to Formate. Chemistry – An Asian Journal 2021, 16 (12) , 1539-1544.
https://doi.org/10.1002/asia.202100305This 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

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 9/10

https://doi.org/10.1007/s44211-022-00067-w
https://doi.org/10.1016/j.apsusc.2021.151708
https://doi.org/10.1016/j.apcatb.2021.120728
https://doi.org/10.1016/j.jcat.2021.10.032
https://doi.org/10.1016/j.synthmet.2021.116959
https://doi.org/10.1016/j.apsusc.2021.150009
https://doi.org/10.1002/slct.202100608
https://doi.org/10.1002/asia.202100305
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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/


Download PDF

Partners

1155 Sixteenth Street N.W.
Washington, DC 20036

Copyright © 2024
American Chemical Society

About

About ACS Publications
ACS & Open Access

ACS Membership
ACS Publications Blog

Resources and
Information

Journals A-Z
Books and Reference
Advertising Media Kit

Institutional Sales
ACS Publishing Center

Privacy Policy
Terms of Use

Support & Contact

Help
Live Chat

FAQ

Connect with ACS Publications

        

36. Narendra Singh Bisht, Ankita H. Tripathi, Suresh Kumar, S.P.S. Mehta, Anirban Dandapat. Silver oxide-
bismuth oxybromide nanocomposites as an excellent weapon to combat with opportunistic human
pathogens. Journal of Photochemistry and Photobiology 2021, 6 , 100031.
https://doi.org/10.1016/j.jpap.2021.100031

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

 
 



6/16/24, 12:09 PM Electrocatalytic Ethanol Oxidation on Cobalt–Bismuth Nanoparticle-Decorated Reduced Graphene Oxide (Co–Bi@rGO): Re…

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.0c10668 10/10

https://pubs.acs.org/doi/pdf/10.1021/acs.jpcc.0c10668
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/10.1016/j.jpap.2021.100031
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
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/

