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TwoＧdimensionalheterostructurestoward
highcurrentdensityelectrocatalysis

Figure　(a)Designofefficientelectrocatalystsforlargecurrent
density HER based on combination ofsurfacechemistryand
morphologyofcatalysts．(b)CurrentＧpotentialcurvesofthethree
electrocatalysts．(c)Interplaysbetweenelectrochemicalconditions
andsurfacechemistryofMo２C,indicatingmodifiedactivesitesof
Mo２CduringtheHERprocess．

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamsledbyProfs．
LiuBiLu (刘 碧 录)andZou XiaoLong (邹 小 龙)atTsinghuaＧBerkeleyShenzhenInstitute (TBSI),
TsinghuaUniversity,addressedthechallengeofdevelopingnonＧexpensiveelectrocatalyststhatworkwell
athighcurrentdensities,byexploringtherolesofmorphologyandsurfacechemistryoftwoＧdimensional
materialbasedelectrocatalysts,whichwaspublishedinNatureCommunications(２０１９,１０:２６９)

Hydrogenproductionbyelectrochemicalwatersplitting,i．e．,hydrogenevolutionreaction(HER),is
oneofthemosteffectivestrategiestowardrenewableenergypathsandtosolvecurrentenergycrisisand
environmentalpollution．ThebiggestissueforlargeＧscaleimplementation ofthistechniqueishigh
electricityconsumption．Developmentofhighlyefficientelectrocatalystsbecomesthekeyissueforthe
watersplittingtechniqueinacademiaandindustry．Platinum (Pt)hasbeenrecognizedasoneofthemost
efficientelectrocatalystsforHERreaction．Unfortunately,limitedreservesandhighcostofPtpreventits
wideuse．Inrecentyears,muchefforthasbeendevotedtofindingalternativeelectrocatalysts,the
performanceofwhichisstillpoorerthanthatofPtＧbasedcatalysts．Inaddition,fortheindustrialusein
practice,theperformanceofelectrocatalystsatlargecurrentdensitiesof２００—１０００mAcm－２iscritical．
However,itisstillagrandchallengetodesigncatalyststhatcanworkwellatlargecurrentdensitiesand
theunderlyingmechanismisnotclear．

Fromtheelectrochemicalbasis,hydrogenevolutionatlargecurrentdensitiesdiffersfromthatatsmall
currentdensitiesbecauseofunavoidableeffectsofmasstransferonthecatalyticperformance．Liu􀆳sgroup
exploredtherolesofsurfacechemistryandmicroscopicmorphologyofcatalystsinthemasstransferof
reactantsandproductsatlargecurrentdensityHERusingthreemodelcatalysts,i．e．,flatPtfoil,twoＧ
dimensionalMoS２ microspheres,and MoS２/Mo２Cheterostructures．TheirintentionallyＧdesigned MoS２/
Mo２CheterostructurecatalystshowsmuchbetteractivityforHERthanPt,withlowoverpotentialsof
２２７mV (inacidic media)and２２０ mV (in
alkalinemedia)atalargecurrentdensityof
１０００mAcm－２．Theyalsofoundthatthecatalysts
show good stability and durability atlarge
currentdensities,andthecatalyticperformance
isindependentofpH,indicatingabrightfuture
forthiscatalystforpracticaluses．Experimental
andtheoreticalinvestigationshaveshownthat
Mo２C modifiedbysurfaceoxygenformedduring
theHERprocessnotonlypromotestheinterfacial
masstransferofreactantsandhydrogengas
bubbleson MoS２,butalsospeedsup water
dissociationandhydrogenabsorptionkinetics,
resultingin decent HER performanceathigh
currentdensities．Thisworknotonlyproducesa
highly efficient electrocatalyst, but also
providesinsightfulunderstandingoftherolesof
nanostructuringandsurfacechemistryinHER
kinetics．Theresultsprovidegeneralrulesto
guidethedesignofhighperformancecatalysts
workinginHERandinprinciple,manyother
electrochemicalreactionsandsystems．


