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Abstract

The increasing levels of carbon dioxide (CO2) in the atmosphere may dissolve into the ocean and affect the marine
ecosystem. It is crucial to determine the level of dissolved CO2 in the ocean to enable suitable mitigation actions to be
carried out. The conventional electrode materials are expensive and susceptible to chloride ion attack. Therefore, there is a
need to find suitable alternative materials. This novel study investigates the electrochemical behaviour of dissolved CO2 on
roughened molybdenum (Mo) microdisk electrodes, which were mechanically polished using silicon carbide paper. Pits and
dents can be seen on the electrode surface as observed using scanning electron microscopy. X-ray diffraction spectra
confirm the absence of abrasive materials and the presence of defects on the electrode surface. The electrochemical
surface for the roughened electrodes is higher than that for the smoothened electrodes. Our findings show that the
roughened electrodes exhibit a significantly higher electrocatalytic activity than the smoothened electrodes for the reduction
of dissolved CO2. Our results reveal a linear relationship between the current and square root of scan rate. Furthermore, we
demonstrate that saturating the electrolyte solution with CO2 using a bubbling time of just 20 minutes at a flow rate of 5 L
min—1 for a 50 mL solution is sufficient. This study provides new insights into the electrochemical behaviour of dissolved
CO2 on roughened Mo microdisk electrodes and highlights their potential as a promising material for CO2 reduction and
other electrochemical applications. Ultimately, our work contributes to the ongoing efforts to mitigate the effects of climate
change and move towards a sustainable future. © 2023 The Royal Society of Chemistry.

Index Keywords

Chlorine compounds, Climate change, Dissolution, Dissolved oxygen, Electrochemical electrodes, Electrolytes, Electrolytic
reduction, Microelectrodes, Molybdenum, Molybdenum compounds, Scanning electron microscopy, Silicon carbide;
Abrasive materials, Alternative materials, Chloride ion attack, Dissolved carbon dioxide, Electro reduction, Electrochemical
behaviors, Electrode material, Electrode surfaces, Microdisk electrodes, X-ray diffraction spectrum; Carbon dioxide

Funding details

Universiti Sains MalaysiaUSM

Universiti Teknologi MARAUITM

Research Management Centre, International Islamic University MalaysiaRMCRMCG20-038-0038

The authors would like to thank the Research Management Centre of International Islamic University Malaysia for the
research grant (RMCG20-038-0038). Special thanks to Institute of Nano Optoelectronics Research and Technology under
Universiti Sains Malaysia for letting Siti Hajjar Yahya to use their facilities in order to fabricate the materials. The authors
also acknowledge the support from Universiti Teknologi MARA by giving Dania Adila Ahmad Ruzaini the chance to use their
instruments to conduct physical analysis on the samples. The corresponding and first authors would also like to thank all
those who have contributed to the work either directly or indirectly.

References



« Edenhofer, O.
(2015) Climate Change 2014: Mitigation of Climate Change,
Cambridge University Press

« Navarro-Jaén, S., Virginie, M., Bonin, J., Robert, M., Wojcieszak, R., Khodakov, A.Y.
(2021) Nat. Rev. Chem, 58 (5), pp. 564-579.

« Al-Ghussain, L.
(2019) Environ. Prog. Sustainable Energy, 38, pp. 13-21.

« Crous, K.Y.
(2019) Am. J. Bot., 106, pp. 1049-1051.

« Snaebjornsdottir, S., Sigfusson, B., Marieni, C., Goldberg, D., Gislason, S.R., Oelkers, E.H.
(2020) Nat. Rev. Earth Environ., 12 (1), pp. 90-102.

« Prahalad, V., DiMaggio, M., Manzello, D.P.
(2020) J. Emerg. Invest., 1, pp. 1-5.

« Noor, N.M., Das, S.K.
(2019) Thalass. An Int. J. Mar. Sci., 35, pp. 421-429.

+« Thomas, A., Ramkumar, A., Shanmugam, A.
(2022) Environ. Adv., 8, p. 100219.

« Zosel, J., Oelner, W., Decker, M., Gerlach, G., Guth, U.
(2011) Meas. Sci. Technol., 22, p. 72001.

« Dervieux, E., Théron, M., Uhring, W.
(2022) Sensors, 22 (1), p. 188.

« Yao, S., Wang, M.
(2002) J. Electrochem. Soc., 149, p. H28.

« Chang, F., Xiao, M., Miao, R., Liu, Y., Ren, M., Jia, Z., Han, D., Yang, L.
(2022) Electrochem. Energy Rev., 53 (5), pp. 1-35.

« Perry, S.C., Gateman, S.M., Sifakis, J., Pollegioni, L., Mauzeroll, J.
(2018) J. Electrochem. Soc., 165, pp. G3074-G3079.

« Sukeri, A., Bertotti, M.
(2018) J. Braz. Chem. Soc., 29, pp. 226-231.

« Sukeri, A., Saravia, L.P.H., Bertotti, M.
(2015) Phys. Chem. Chem. Phys., 17, pp. 28510-28514.

« Garg, S., Li, M., Weber, A.Z., Ge, L., Li, L., Rudolph, V., Wang, G., Rufford, T.E.
(2020) J. Mater. Chem. A, 8, pp. 1511-1544.

« Naragino, H., Saitoh, Y., Honda, K.
(2022) Electrochem. Commun., 134, p. 107164.

« Bin Shafiee, S.A., Hector, A.L., Denuault, G.
(2018) Electrochim. Acta, 293, pp. 184-190.

« Cadogan, S.P.,, Hallett, J.P., Maitland, G.C., Trusler, J.P.M.
(2015) J. Chem. Eng. Data, 60, pp. 181-184.

« Brilman, D.W.F., van Swaaij, W.P.M., Versteeg, G.F.
(2001) J. Chem. Eng. Data, 46, pp. 1130-1135.

« Zhang, Y., Wang, Q., Li, C., Piao, Y., Hou, N., Hu, K.
(2022) J. Adv. Res., 36, pp. 51-61.



« Trasatti, S., Petrii, O.A.
(1992) J. Electroanal. Chem., 327, pp. 353-376.

« Ligt, B., Hensen, E.J.M., Costa Figueiredo, M.
(2023) Curr. Opin. Electrochem., 41, p. 101351.

« Hori, Y., Murata, A., Takahashi, R.
(1989) J. Chem. Soc., Faraday Trans. 1, 85, pp. 2309-2326.

« Hori, Y., Kikuchi, K., Suzuki, S.
(2006) Chem. Lett., 14, pp. 1695-1698.

Correspondence Address
Shafiee S.A.; Department of Chemistry, Jalan Sultan Ahmad Shah, Bandar Indera Mahkota, Pahang, Malaysia; email:
sabs@iium.edu.my

Publisher: Royal Society of Chemistry

ISSN: 20462069

CODEN: RSCAC

Language of Original Document: English
Abbreviated Source Title: RSC Adv.
2-s2.0-85176552136

Document Type: Article

Publication Stage: Final

Source: Scopus

ELSEVIER Copyright © 2023 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. G_RELX Group™



