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a R1 = Σ||Fo| - |Fc||/Σ|Fo|.  b wR2 = [Σw(Fo2 − Fc2)/Σ[w(Fo2)2] ].1/2 .

T / K 210(2)

a / Å 15.4341(8)

b / Å 18.6481(13)

c / Å 16.7651(9)

� / � 90

� / � 110.359(4)

� / � 90

V / Å3 4523.8(5)

Z 8

Dcalc / g·cm-3 1.395

� / mm-1 1.316

Crystal size / mm 0.10 x 0.15 x 0.20

Reflections collected 60038

Independent reflections 7959

Rint 0.1238

No. reflns with I>2σ(I) 3635

No. refined parameters 462

R1a, wR2b [I>2σ(I)] 0.0412, 0.0767

R1a, wR2b (all data) 0.1109, 0.0912

Goodness-of-fit on F2 0.747

  Share  Download

Cited By

Citation Statements

Supporting Mentioning Contrasting

Explore this article's citation statements on scite.ai

powered by  

This article is cited by 19 publications.

1. Patrick Bräuer, Falk Muench, Sasho Stojkovikj, Siddharth Gupta, Matthew T. Mayer, Wolfgang
Ensinger, Christina Roth, Gumaa A. El-Nagar. Shape-Controlled Electroless Plating of Hetero-
Nanostructures: AgCu- and AgNi-Decorated Ag Nanoplates on Carbon Fibers as Catalysts for the
Oxygen Evolution Reaction. ACS Applied Nano Materials 2022, 5 (8) , 10348-10357.
https://doi.org/10.1021/acsanm.2c01618

2. Muhammad Waqas, Javaria Younis, Muhammad Awais, Nosheen Nazar, Saghir Hussain,
Shahzad Murtaza, Nazia Yasmin, Muhammad Naeem Ashiq, Misbah Mirza, Muhammad Safdar.
CrS2-Modulated Enhanced Catalytic Properties of CdS/MoS2 Heterostructures Toward
Photodegradation and Electrochemical OER Kinetics. Energy & Fuels 2022, 36 (15) , 8391-8401.
https://doi.org/10.1021/acs.energyfuels.2c01821

3. Nandapriya Manivelan, Senthil Karuppanan, Kandasamy Prabakar. Djurleite Copper Suldde-
Coupled Cobalt Suldde Interface for a Stable and Efcient Electrocatalyst. ACS Applied Materials &
Interfaces 2022, 14 (27) , 30812-30823. https://doi.org/10.1021/acsami.2c06010

4. Qing Wang, Hui Xu, Xingyue Qian, Bingji Huang, Kun Wang, Lei Jin, Guangyu He, Haiqun Chen.
Successive Anion/Cation Exchange Enables the Fabrication of Hollow CuCo2S4 Nanorods for
Advanced Oxygen Evolution Reaction Electrocatalysis. Inorganic Chemistry 2022, 61 (7) , 3176-
3185. https://doi.org/10.1021/acs.inorgchem.1c03641

5. Wenhua Zhao, Niandu Wu, Fan Yu, Boye Zhou, Xueyuan Chu, Zhiqiang Wei, Shaoguang Yang.
Ultrathin, Porous CoPS Nanosheets: GO Self-Sacridcing Template Synthesis as Bifunctional
Catalysts for Overall Water Splitting. ACS Applied Energy Materials 2021, 4 (10) , 10976-10985.
https://doi.org/10.1021/acsaem.1c01929

6. Tianhao Li, Weihua Hu. Ionic liquid derived electrocatalysts for electrochemical water splitting.
Green Energy & Environment 2024, 9 (4) , 604-622. https://doi.org/10.1016/j.gee.2023.06.004

7. Shicheng Liu, Sitong Liu, Huabin Chen, Yujin Xing, Wenzhong Wang, Lijuan Wang, Yujie Liang,
Junli Fu, Chen Zhang. Catalytic activation of percarbonate with synthesized carrollite for efcient
decomposition of bisphenol S: Performance, degradation mechanism and toxicity assessment.
Journal of Hazardous Materials 2024, 462 , 132719.
https://doi.org/10.1016/j.jhazmat.2023.132719

8. Khidhair Jasim Mohammed, Salema K. Hadrawi, Ehsan Kianfar. Synthesis and Modidcation of
Nanoparticles with Ionic Liquids: a Review. BioNanoScience 2023, 13 (2) , 760-783.
https://doi.org/10.1007/s12668-023-01075-4

9. Qiao Yang, Chuanhai Xia, Shuai Chen, Xuezhi Cao, Jingcheng Hao. Enhanced activation of H2O2
by bimetallic Cu2SnS3: A new insight for Cu (II)/Cu (I) redox cycle promotion. Journal of Colloid
and Interface Science 2023, 640 , 750-760. https://doi.org/10.1016/j.jcis.2023.02.159

10. Zhanguo Su, Yiping Su, Isabelle Huynen, Sathish Kannan, Sadok Mehrez, Wael Hosny Fouad
Aly, V. Mohanavel, Ibrahim Mahariq. Decoration of worm-like Cu2S particles on CuCo2S4 micro-
spheres: An effective strategy to improve the electromagnetic dissipation feature. Ceramics
International 2023, 49 (7) , 10702-10713. https://doi.org/10.1016/j.ceramint.2022.11.260

11. Chenyun Zhang, Puyu Qu, Mei Zhou, Lidong Qian, Te Bai, Jianjiao Jin, Bingwei Xin. Ionic
Liquids as Promisingly Multi-Functional Participants for Electrocatalyst of Water Splitting: A
Review. Molecules 2023, 28 (7) , 3051. https://doi.org/10.3390/molecules28073051

12. Christian Balischewski, Biswajit Bhattacharyya, Eric Sperlich, Christina Günter, Alkit Beqiraj,
Tillmann Klamroth, Karsten Behrens, Stefan Mies, Alexandra Kelling, Susanne Lubahn, Lea
Holtzheimer, Anne Nitschke, Andreas Taubert. Tetrahalidometallate(II) Ionic Liquids with More than
One Metal: The Effect of Bromide versus Chloride. Chemistry – A European Journal 2022, 28 (64)
https://doi.org/10.1002/chem.202201068

13. Gabriele Sarapajevaite, Kestutis Baltakys. Thermal stability and decomposition mechanism of
synthetic covellite samples. Journal of Thermal Analysis and Calorimetry 2022, 147 (20) , 10951-
10963. https://doi.org/10.1007/s10973-022-11313-8

14. Yingju Yang, Jing Liu, Bo Xiong. Vacancy-mediated transition metals as efcient
electrocatalysts for water splitting. Nanoscale 2022, 14 (19) , 7181-7188.
https://doi.org/10.1039/D2NR01259F

15. Yingxian Wang, Chunming Yang, Kailai Zhang, Li Guo, Ruqi Li, Abbas Zaheer, Feng Fu, Bin Xu,
Danjun Wang. In-Situ Construction of 2D/2D CuCo2S4/Bi2WO6 contact heterojunction as a visible-
light-driven fenton-like catalyst with highly efcient charge transfer for highly efcient degradation
of tetracycline hydrochloride. Colloids and Surfaces A: Physicochemical and Engineering Aspects
2022, 634 , 127965. https://doi.org/10.1016/j.colsurfa.2021.127965

16. Mengyi Tang, Yu Liu, Heng Cao, Qiaoji Zheng, Xijun Wei, Kwok Ho Lam, Dunmin Lin.
Cu2S/Ni3S2 ultrathin nanosheets on Ni foam as a highly efcient electrocatalyst for oxygen
evolution reaction. International Journal of Hydrogen Energy 2022, 47 (5) , 3013-3021.
https://doi.org/10.1016/j.ijhydene.2021.10.244

17. Haitao Xu, Dianhua Song, Jiao Li, Yan Zhao, Ruijie Yang, Jingzhe Zhao. Chlorine-assisted
synthesis of CuCo2S4@(Cu,Co)2Cl(OH)3 heterostructures with an efcient nanointerface for
electrocatalytic oxygen evolution. Journal of Colloid and Interface Science 2021, 601 , 437-445.
https://doi.org/10.1016/j.jcis.2021.05.129

18. S. Zhai, Y. Luo, Z. Fan, M. Zhou, K. Hou, H. Zhao, M. Hu, Y. Xiao, K. Jin, Y. Zhao, X. Li, Z. Cai.
Porous carbonized cotton loaded with Zn–Cu–M(M=O, S) nanocomposites for electrochemical
energy storage and oxygen evolution reaction. Materials Today Energy 2021, 21 , 100806.
https://doi.org/10.1016/j.mtener.2021.100806

19. Christian Balischewski, Hyung-Seok Choi, Karsten Behrens, Alkit Beqiraj, Thomas Körzdörfer,
André Geßner, Armin Wedel, Andreas Taubert. Metal Suldde Nanoparticle Synthesis with Ionic
Liquids – State of the Art and Future Perspectives. ChemistryOpen 2021, 10 (2) , 272-295.
https://doi.org/10.1002/open.202000357

beta 

 1  21  0

Abstract

Covellite-phase CuS and carrollite-phase CuCo S  nano- and microstructures
were synthesized from tetrachloridometallate-based ionic liquid precursors using
a novel, facile, and highly controllable hot-injection synthesis strategy. The
synthesis parameters including reaction time and temperature were first
optimized to produce CuS with a well-controlled and unique morphology,
providing the best electrocatalytic activity toward the oxygen evolution reaction
(OER). In an extension to this approach, the electrocatalytic activity was further
improved by incorporating Co into the CuS synthesis method to yield CuCo S
microflowers. Both routes provide high microflower yields of >80 wt %. The
CuCo S  microflowers exhibit a superior performance for the OER in alkaline
medium compared to CuS. This is demonstrated by a lower onset potential (∼1.45
V vs RHE @10 mA/cm ), better durability, and higher turnover frequencies
compared to bare CuS flowers or commercial Pt/C and IrO  electrodes. Likely,
this effect is associated with the presence of Co  sites on which a better
adsorption of reactive species formed during the OER (e.g., OH, O, OOH, etc.) can
be achieved, thus reducing the OER charge-transfer resistance, as indicated by X-
ray photoelectron spectroscopy and electrochemical impedance spectroscopy
measurements.
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