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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
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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.

2 4

2 4

2 4

2

2
3+

KEYWORDS: oxygen evolution reaction, nanoparticles, copper cobalt suldde, ionic liquid,
water splitting 

 Cite this: ACS Appl. Mater. Interfaces  2020, 12, 47,
52560–52570
Publication Date: November 12, 2020
https://doi.org/10.1021/acsami.0c13927
Copyright © 2020 American Chemical Society
Request reuse permissions

Article Views

1644
Citations

19

RETURN TO ISSUE  PREV NEXT 

Facile Synthesis of Hierarchical CuS and CuCo S
Structures from an Ionic Liquid Precursor for
Electrocatalysis Applications

,  ,  ,  ,  , 
,  ,  , and 

ENERGY, ENVIRONMENTA...

2 4

Ahed Abouserie Gumaa A. El-Nagar* Benjamin Heyne Christina Günter Uwe Schilde
Matthew T. Mayer Sasho Stojkovikj Christina Roth Andreas Taubert*



Altmetric

3
LEARN ABOUT THESE METRICS

Share



  Add to



Export

RIS

Catalysts, Materials, Morphology, Physical and chemical processes, RadiologySUBJECTS:

 Access Through Your Institution Other access options

 Get e-Alerts

 Supporting Info (1) »

ACS  ACS Publications  C&EN  CAS Find my institution |  Log In

Search text, DOI, authors, etc.  

https://pubs.acs.org/doi/pdf/10.1021/acsami.0c13927
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
https://pubs.acs.org/action/showRestoreContentAccess
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
https://pubs.acs.org/action/ssoRequestForLoginPage
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/
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://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
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://pubs.acs.org/doi/10.1021/acsami.0c13927?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsami.0c13927/suppl_file/am0c13927_si_001.pdf
https://pubs.acs.org/page/copyright/permissions.html
https://figshare.com/collections/Facile_Synthesis_of_Hierarchical_CuS_and_CuCo_sub_2_sub_S_sub_4_sub_Structures_from_an_Ionic_Liquid_Precursor_for_Electrocatalysis_Applications/5205744
https://scite.ai/
https://scite.ai/reports/facile-synthesis-of-hierarchical-cus-zRX0aJwQ
https://scite.ai/reports/facile-synthesis-of-hierarchical-cus-zRX0aJwQ
https://doi.org/10.1021/acsanm.2c01618
https://doi.org/10.1021/acs.energyfuels.2c01821
https://doi.org/10.1021/acsami.2c06010
https://doi.org/10.1021/acs.inorgchem.1c03641
https://doi.org/10.1021/acsaem.1c01929
https://doi.org/10.1016/j.gee.2023.06.004
https://doi.org/10.1016/j.jhazmat.2023.132719
https://doi.org/10.1007/s12668-023-01075-4
https://doi.org/10.1016/j.jcis.2023.02.159
https://doi.org/10.1016/j.ceramint.2022.11.260
https://doi.org/10.3390/molecules28073051
https://doi.org/10.1002/chem.202201068
https://doi.org/10.1007/s10973-022-11313-8
https://doi.org/10.1039/D2NR01259F
https://doi.org/10.1016/j.colsurfa.2021.127965
https://doi.org/10.1016/j.ijhydene.2021.10.244
https://doi.org/10.1016/j.jcis.2021.05.129
https://doi.org/10.1016/j.mtener.2021.100806
https://doi.org/10.1002/open.202000357
https://pubs.acs.org/action/doSearch?action=search&AllField=Oxygen+Evolution+Reaction&qsSearchArea=AllField
https://pubs.acs.org/action/doSearch?action=search&AllField=Nanoparticles&qsSearchArea=AllField
https://pubs.acs.org/action/doSearch?action=search&AllField=Copper+Cobalt+Sulfide&qsSearchArea=AllField
https://pubs.acs.org/action/doSearch?action=search&AllField=Ionic+Liquid&qsSearchArea=AllField
https://pubs.acs.org/action/doSearch?action=search&AllField=Water+Splitting&qsSearchArea=AllField
javascript:void(0)
https://doi.org/10.1021/acsami.0c13927
https://pubs.acs.org/servlet/linkout?type=rightslink&url=startPage%3D52560%26pageCount%3D11%26copyright%3DAmerican%2BChemical%2BSociety%26author%3DAhed%2BAbouserie%252C%2BGumaa%2BA.%2BEl-Nagar%252C%2BBenjamin%2BHeyne%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DAmerican%2BChemical%2BSociety%26volumeNum%3D12%26issueNum%3D47%26contentID%3Dacsami.0c13927%26title%3DFacile%2BSynthesis%2Bof%2BHierarchical%2BCuS%2Band%2BCuCo2S4%2BStructures%2Bfrom%2Ban%2BIonic%2BLiquid%2BPrecursor%2Bfor%2BElectrocatalysis%2BApplications%26numPages%3D11%26pa%3D%26issn%3D1944-8244%26publisherName%3Dacs%26publication%3Daamick%26rpt%3Dn%26endPage%3D52570%26publicationDate%3DNovember%2B2020
https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Facsami.0c13927&href=/doi/10.1021%2Facsami.0c13927
https://pubs.acs.org/toc/aamick/12/47
https://pubs.acs.org/doi/10.1021/acsami.0c13597
https://pubs.acs.org/doi/10.1021/acsami.0c14044
https://pubs.acs.org/journal/aamick
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
https://pubs.acs.org/action/doSearch?ConceptID=290965
https://pubs.acs.org/action/doSearch?ConceptID=292506
https://pubs.acs.org/action/doSearch?ConceptID=292229
https://pubs.acs.org/action/doSearch?ConceptID=292439
https://pubs.acs.org/action/doSearch?ConceptID=291201
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#
http://www.acs.org/
https://pubs.acs.org/
https://cen.acs.org/
https://www.cas.org/
https://pubs.acs.org/action/ssostart?redirectUri=%2Fdoi%2Fabs%2F10.1021%2Facsami.0c13927
https://pubs.acs.org/action/ssoRequestForLoginPage
https://pubs.acs.org/
https://pubs.acs.org/doi/abs/10.1021/acsami.0c13927#?utm_source=Pubs_Solutions_Referer&utm_medium=Pubs_MenuIcon&utm_campaign=Pubs_Refere

