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AseriesofMAXphaseswithMAＧtriangularＧprism
bilayersandelasticproperties

Figure　Thecrystalstructuresoftraditionalandnew Mn＋１AXn

phases．

WiththesupportbytheNationalNaturalScienceFoundationofChinaandtheChineseAcademyof
Sciences,theresearchteamledbyProf．Chen XiaoLong (陈 小 龙)attheLaboratoryofAdvanced
MaterialsandElectronMicroscopy,InstituteofPhysics,ChineseAcademyofSciences,discoveredaseries
ofMAXphaseswithnovelcrystalstructuresandoutstandingelasticproperties,whichwaspublishedin
AngewChemIntEd (２０１９,５８:４５７６—４５８０)．

MAXphasesbelongtoafamilyofnonＧvanＧderＧWaalslayeredcompoundswithageneralformulaofMn＋１

AXn(n＝１,２,３)inwhichM＝transitionmetals,A＝maingroupelements,andX＝C/N．Someofthem
hosthighthermalandelectricalconductivity,goodelasticperformance,excellentresistancetocorrosion,

oxidation,andthermalshock,easymachinabilityandunusualdamageＧtolerance．Thesecombinedelastic,

electricalandthermalpropertiesenablethemtobepromisingmaterialsforvariousapplications,especially
inthestructuralorconductivecomponentsunderhightemperatures．Besides,MAXphasesalsohave
drawnmuchattentionastheprecursorofMXenes．

ThestudyofMAXphasesstartedfromthe１９６０swhentheHＧphaseswerefoundbyNowotnysgroup．
Now,over６０MAXphasesarefound．Dependingonthevalueofn,theM２AX,M３AX２,and M４AX３

phasesareusuallynamed２１１,３１２,and４１３phases,respectively．ThemultiＧlayeringof MAlayers,

however,hasneverbeenfoundamongtheknownMAXphases．
Basedonstructuraldesign,theresearchteam discoverednew MAX phasesin AsＧ,PＧcontaining

systems,namely,Nb３As２C,V３As２C,Nb３P２C,andTa３P２C．Theircrystalstructuresaredeterminedby
XＧraydiffractionandhighresolutiontransmissionelectronmicroscopy．Theseisostructuralphasescanbe
regardedastheformationfromalternatestackingofoneMXlayerandtwoMAlayersintheirunitcells．In
contrasttotheknown MAXphases,the
multiＧlayeredMAsheetsarefirstobserved
in３２１phases．Itisnoteworthythatthe
new３２１phase,Nb３As２C,exhibitsabulk
modulusupto２２５(３)GPaasdetermined
by highＧpressure synchrotron XＧray
diffractions (throughacooperation with
theresearcherattheBSRF),oneofthe
highestvaluesamongMAXphases．FirstＧ
principlescalculationsconfirmtheelastic
stiffness．These３２１phases,represented
byachemicalformulaMn＋１AnX,broaden
thescopeofthe MAXfamilyandnovel
properties are expected in these new
phases．


