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PressureＧinducedDielsＧAlderreactions
inC６H６—C６F６CoＧcrystaltowards

graphanestructure

Figure　(a)Theselectedelementalreactions,and(b)theproposed
reactionrouteofC６H６—C６F６coＧcrystal．

WithsupportfromtheNationalNaturalScienceFoundationofChinaandtheTop１０００ＧTalentsAwards,
theresearchteamledbyDr．ZhengHaiYan(郑海燕)andDr．LiKuo(李阔)fromtheCenterforHigh
PressureScienceand Technology Advanced Researchin Beijingrecentlysynthesized HＧFＧsubstituted
graphane (H,FＧgraphane)with alayeredstructurebycompressing１∶１ C６ H６—C６ F６coＧcrystal
(abbreviatedasCHCF),incontrasttopreviouslyreportednanothreads．Theneutrondiffractionandgas
chromatographyＧmassspectrum (GCＧMS)provedthattheDielsＧAlderreaction wasthekeyreactioninthe
polymerizationprocess．ThisworkprovidesanovelmethodforconstructingsubstitutedgraphanewithatomicＧlevel
uniformity,whichwaspublishedinAngewandteChemieInternationalEdition (２０１９,５８,５:１４６８—１４７３)．

Synthesisofbulkgraphanewithcontrollableanduniform modificationattheatomicＧlevelisstilla
considerablechallenge．Applyingextremepressuretounsaturatedmoleculesiseffectiveforconstructing
novelcarbonstructures．Intheirpreviousstudy(JPhysChemC,２０１６,１２０(５１):２９５１０—２９５１９),the
teamidentifiedfournewphasesofCHCF (V,VI,VII,andVIII),andanirreversiblepressureＧinduced
polymerization(PIP)wasobservedfollowingphaseVIII．Inthepresentwork,theteamsynthesizedH,FＧ
graphanesuccessfullybyintroducingtheCHCF,thetypicalbuildingblockinsupramolecularchemistry,to
extremeconditions．

Despitetheextremedifficultyofthelimiteddataquantityavailable,theauthorsdeterminedallthehighＧ
pressurestructures,includingthecrystalstructureatthereactionthresholdat２０GPa,byusingmultiple
neutronsourcesinChina,Japan,andtheUK．C６H６andC６F６remainstackedalternativelyinacolumn
beforethereaction,suggestingahighpossibilityofadditionalreactionbetweenthem．Theauthorsused
IR,XＧraypairdistributionfunction(PDF),scanningelectronmicroscopy(SEM),transmissionelectron
microscopy(TEM),selectedareaelectrondiffraction(SAED)andsolidＧstatenuclearmagneticresonance
(ssNMR)toinvestigatetheproduct,andconcludedashortＧrangeＧorderedH,FＧgraphanewithHandFin
order．Furthermore,basedontheintermediatesdetected by GCＧMS,theelementalreactions were
deduced,confirmingthattheDielsＧAlderis
thekey PIPreaction．Tosummarizethe
wholereactionprocess,CHCF undergoes
DielsＧAlderreactionstoformthe [４＋２]
polymer,andthenthepolymerconnectsto
itsneighborstoform HＧFgraphanewitha
layeredstructurebyeliminatingsomeC,
H,andFspecies．

Forthefirsttime,thePIPprocess,and
especiallytheexperimentalevidenceofthe
elementalreactionsofCHCFarereported,
whichprovidesvaluableinsightforother
aromatics．TheformationofH,FＧgraphane
highlights that the PIP of substituted
aromatics is an alternative method to
constructsp３Ｇhybridized carbon materials
withdiversestructure．


