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VisibleＧlightＧdrivenN２fixationbyametalＧfree
singleatomcatalyst

WiththesupportbytheNationalNaturalScienceFoundationofChinaandChinaScholarshipCouncil,
theresearchteamledbyProf．WangJinLan (王金兰)attheSchoolofPhysics,SoutheastUniversity,
collaboratedwithProf．DuAiJun(杜爱军)fromQueenslandUniversityofTechnology,designedsingleB
atomdecoratedgＧC３N４(B/gＧC３N４)asapromisingmetalＧfreesingleatomcatalystforN２fixationdrivenby
visiblelight,whichwaspublishedinJournaloftheAmericanChemicalSociety (２０１８,１４０:１４１６１—
１４１６８)．

Theelementnitrogenisessentialfortheplants,animalsandotherlifeformsonEarth．Althoughthe
atmosphereconsistsofmorethan７８％ ofN２,itsutilizationisverydifficultduetoitsinherentinert
character．Alternatively,NH３,asthereductionproductofN２,isanimportantchemicalinvariousfields．
PhotocatalyticN２reductionisthemostattractivewayforsustainableNH３ productionasitcandirectly
produceNH３from N２ and H２Odrivenbythesunlightatambientconditions．However,itspractical
applicationishinderedbythedevelopmentofanefficientcatalyst,whichremainsagreatchallenge．During
thepastdecade,varioustransition metalＧbasedcatalystshavebeenfabricatedforphotocatalyticor
electrocatalyticN２fixation,whilethemetalＧfreecatalysthasbeenrarelyexplored．Thiscanbeascribedto
thecoexistenceofemptyandoccupieddorbitalsintransitionmetals,whichononehandcanacceptthe
lonepairelectronsofN２andontheotherhandcandonateelectronsintoantibondingorbitalsofN２to
weakentheN≡Ntriplebond．

Onthebasisoftheconceptofelectron “acceptanceＧdonation”drivenbythecoexistenceofemptyand
occupiedorbitals,Wangetal．foundthattheBatomwithsp３hybridizationmayserveasacenterforN２

fixationasitalsocontainsoccupiedandemptyorbitalssimultaneously．Meanwhile,graphiticＧcarbon
nitride(gＧC３N４),whichconsistsofCandNonly,isawellＧknownmetalＧfreephotocatalystforvarious
reactions．Therefore,theincorporationofthesingleBatomintogＧC３N４(B/gＧC３N４)mayachievethegoal
ofmetalＧfreeN２fixationdrivenbysolar．TheircomprehensivecalculationsshowthattheasＧdesignedB/gＧ
C３N４indeedpossessesexcellentcatalyticperformanceforN２fixationwitharecordlowonsetpotential
(０．２０V)．Moreinterestingly,thedecorationoftheBatomcansignificantlyenhancethevisiblelight
absorption,renderingthemidealforsolarＧdrivenreductionofN２．Importantly,thewholeprocessoccurs
onasingleBsitefortheasＧdesignedcatalyst,indicatingthatB/gＧC３N４canactuallyserveasa“metalＧfree
singleatomcatalyst”．ThisisafullynewconceptnotonlyforN２fixation,butalsoforotherreactions．
TheirworkprovidesaverycompellingphotocatalystforN２fixation,offeringcostＧeffectiveopportunities
foradvancingsustainableNH３production．

Figure　SchematicofthedesignofB/gＧC３N４asphotocatalystforN２fixation．


