
•ResearchHighlights•

SCIENCEFOUNDATIONINCHINA　　Vol．２７,No．３,２０１９ ３５　　　

FormationofcＧSiC３moleculesinthe
circumstellarenvelopeofAGBstars

Figure　Illustrationofmoleculardistributioninthecircumstellar
envelopeofIRC＋１０２１６．

ArecentstudyledbyDr．YangTao(杨涛)fromtheStateKeyLaboratoryofPrecisionSpectroscopyin
theEastChinaNormalUniversity,Dr．RalfKaiserfromtheUniversityofHawaiiatManoaandDr．
Martin HeadＧGordonfrom the UniversityofCaliforniaatBerkeleyunveiledthe mysteriousreaction
mechanisminvolvingsiliconＧbearingmoleculessuchascＧSiC３inthecircumstellarenvelopeofcarbonstars,
whichhasbeenpublishedinPNAS (２０１９,１１６:１４４７１—１４４７８),underthesupportoftheNational
NaturalScienceFoundationofChina,theFundamentalResearchFundsfortheCentralUniversitiesandso
forth．

Fordecades,thecarbonＧrichasymptoticgiantbranch (AGB)starIRC＋１０２１６ (CW Leo)hasbeen
widelyrecognizedasarich,naturallaboratoryforadvancingourfundamentalunderstandingofthe
chemicalevolutionofthecarbonＧrichcircumstellarenvelopesthroughastronomicalobservationscombined
with astrochemical modeling exploiting complex gas phase reaction networks． Although complex
organosiliconmoleculesareubiquitousinthecircumstellarenvelopeofIRC＋１０２１６,theirformation
mechanismshaveremainedlargelyelusiveuntilnow．

Exploiting silicon tricarbide (cＧSiC３ )as a benchmark,they provide evidence from laboratory
experiments,electronicstructurecalculations,andastrochemicalmodelingthat,organosiliconspeciescan
besynthesizedviadistinctchemistriesintheinnerandouterenvelopeofcarbonstarslikeIRC＋１０２１６via
bimolecularreactionsfollowedbyphotochemicaldehydrogenationtobaresiliconcarbonmolecules．This
systemillustratestheconceptofanexcitedＧstateＧinducedsynthesisofexoticorganosiliconmolecules(SiC３

H２)intheinnercircumstellarenvelopeviathereactionofelectronicallyexcitedsiliconatoms with
ubiquitoushydrocarbons,withtheparentspeciesundergoingphotochemicalprocessingintheouter
envelopetocyclicsilicontricarbide (cＧSiC３)．These mechanismsareoffundamentalsignificanceto
facilitateanunderstandingofhowcarbon
andsiliconchemistriescanbecoupledto
synthesizeorganosiliconmoleculesinthe
universe．

Arapiddevelopmentofthetelescopes
ofhigh sensitivity and resolution has
beenwellpromotedinthemostrecent
years,such as the ５００Ｇm Aperture
Spherical Telescope in Guizhou
(FAST),Tianma６５Ｇm ApertureRadio
TelescopeinShanghai,Steerable１１０Ｇm
Aperture Radio Telescope from
XinjiangObservatoryandsoforth．The
findingabovecanthereforefacilitate
the interdisciplinaryinteraction ofthe
physical chemistry experiments and
computationsaswellastheastronomical
observation, paving the way to
understandhowtheuniverseevolvesin
thechemicalmanner．


