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DirectphotocatalyticCH４oxidationtooxygenates
withO２atroomtemperatureinwater

WiththesupportoftheNationalNaturalScienceFoundationofChina,theresearchworkcollaboratively
conductedbyProf．MengXianGuang(孟宪光)attheNorthChinaUniversityofScienceandTechnology
andProf．YeJinHuaattheNationalInstituteforMaterialsScience,reporteddirectandselectiveoxidation
ofCH４tooxygenateswithO２ atroomtemperatureinwaterinthephotocatalyticsystem,which was

Figure　TheproposedreactionmechanismforphotocatalyticCH４
oxidationtooxygenates．

publishedinJournaloftheAmericanChemicalSociety (２０１９,１４１:２０５０７—１５)．
Methaneisanabundantandpromisingfeedstockforthesynthesisofvariouscommoditychemicals,

especiallyaftertherecentdiscoveryoflargereservesofshalegasand methanehydrate．Industrial
approachesfortransformingmethaneintoliquidchemicalsareperformedindirectlythroughtheproduction
ofsyngas (a mixtureofcarbon monoxideandhydrogen)bystronglyendothermicsteam reforming,
followedbyfurtherconversionofthesyngastoliquidhydrocarbonsthroughFischerＧTropschsynthesisor
methanol(CH３OH)synthesis．ThedirectoxidationofmethaneintovalueＧaddedoxygenatessuchas
methanolandformaldehyde (HCHO),whichcouldpotentiallyavoidtheenergyＧintensivereforming
process,isstillimpededbythesluggishC—Hbondactivationkineticsofmethaneatlowtemperature．

Thephotocatalyticreactionsystem developedbythejointresearchteamenablesdirectoxidationof
methanetomethanolandformaldehydeusingonlymolecularoxygenastheoxidantatroomtemperature．
Justinwater,oxidesemiconductorssuchasZnOandTiO２loadedwithnanometalcocatalysts(Pt,Pd,
Au,orAg)couldeffectivelycatalyzethedirectCH４oxidationreactionundermildlightirradiation．Liquid
oxygenateswith~９５％ selectivitycouldbeachievedovertheAu/ZnOphotocatalyst．Experimentswith
isotopicallylabeledoxygenandwaterrevealthatmolecularO２,ratherthanwater,isthesourceofoxygen
fordirectCH４ oxidation．ThehighreactionrateofdirectCH４ oxidationbenefitsfromthesynergistic
activationeffectoftheoxidephotocatalystandnanometalcocatalyst．TheycanrespectivelyactivateCH４

andO２intomethylradicalandmildlyoxidativeintermediate(hydroperoxylradical)inwater,whichare
twokeyprecursorintermediatesforgeneratingoxygenatedliquidproductsindirectCH４ oxidation．
Therefore,thephotooxidationofCH４toliquidoxygenatesiscontributedbythetwoequallysignificant
aspects,i．e．,efficientC—H bondactivationofCH４ andcontrollableactivationofO２．Theaqueous
reactionmediumusedinthisstudyismuchmoreadvantageousthanthepreviousgasphasereactionsystem

inthesuppressionofCH４overoxidation．
Moreover,hydroxylradicalsderivedfrom
photooxidationofH２O willleadtothe
overoxidationofCH４ intoCO２．Thus,
comparedwithTiO２,theZnO withless
hydroxylradicalgenerationobtainshigher
oxygenatedproductselectivity．Thiswork
offersvaluable guidanceforthe direct
catalyticoxidation of methaneto high
valueＧadded liquid oxygenates with
molecularoxygen atroom temperature
and highlights the opportunities in
employing photocatalysistechnology to
drivemethaneconversion．


