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Highlyemissivecarbonnanodotsformulticolor
chemiluminescenceandmultiＧphoton

upconversionfluorescence

Figure　Thephotograph,CLdecayspectra(a)andmultiＧphoton
fluorescenceoftheCNDs(b)．

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamledbyProf．
ShanChongXin(单崇新)atZhengzhouUniversitydemonstratedbrightmulticolorchemiluminescentand
multiＧphotonexcitedred/nearＧinfraredemissivecarbon nanodots (CNDs),which werepublishedin
AdvancedScience (２０１９,６:１８０２３３１,and２０１９,６:１９００７６６),respectively．

Carbonnanodots(CNDs),asakindofrisingstarnanomaterialofcarbonfamily,havehighemission
efficiency,goodbiocompatibility,andtunableemission,which makesthem apromisingcandidatein
bioimaging,sensing,optoelectronics,antiＧfake,andphotocatalysis．Mostofthereportsfocusontheir
fluorescence,whileveryfew reportsontheirchemiluminescenceand multiＧphotonexcitedred/nearＧ
infraredfluorescencecanbefoundtodate．

In this study, researchers from Prof． Shans group demonstrated blue, green, and red
chemiluminescencefrom CNDs by tuning the conjugated sp２Ｇdomain size under differentsolvent
conditions．Achemiluminescencequantumyieldof９．３２×１０－３ Einsteinsmol－１,maximalluminanceof
３２８cdm－２,andlifetimeof１８６．４swereachievedinredCNDs,allofwhicharethebestvaluesever
reportedforCNDs．AsaproofＧofＧconceptprototype,ahighqualityinformationencryptionstrategyhas
beenestablishedviaCNDＧbasedimagingtechniquesbyvirtueofthehighbrightnessand multicolor
chemiluminescence．

Additionally,researchersfromProf．Shansgrouppreparedred/nearＧinfraredemissiveCNDsviaanin
situsolventＧfreecarbonizationstrategy,andthephotoluminescencequantumyieldcanreachupto５７％．
Becauseoflargetissuepenetrationandhighspatialresolutionoflightwithlongwavelength,１Ｇphotonand
２Ｇphoton cellular imaging was
demonstrated by usingthe CNDsas
red/NIRfluorescenceagentduetothe
high quantum efficiency and low
biotoxicity．Furtherstudyshowsthat
thered/NIRCNDsexhibitmultiphoton
excited upconversion fluorescence
undertheexcitationof８００—２０００nm,

which involves three NIR windows
(NIRＧI,６５０—９５０nm;NIRＧII,１１００—

１３５０;NIRＧIII,１６００—１８７０nm)．
TwoＧphoton,３Ｇphoton,and４Ｇphoton
excitedfluorescenceoftheCNDswas
achieved．


