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Effectofgammairradiationonopticalpropertiesof
CdSe/ZnSquantumdotsembeddedinPDMS
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Abstract:TheopticalpropertiesofCdSe/ZnSquantumdots(QDs)embeddedinpolydimethylsiloxane(PDMS)flexible
materialsafterirradiatedwithγ-rayswerestudied.Asanembeddingmatrix,PDMSexhibitstheadvantageofhighradiation
hardness.Theluminescencespectraandfluorescencelifetimeoftheirradiatedandunirradiatedsamplesweretested.The
fluorescenceintensityofQDsdecreaseswiththeincreaseoftheirradiationdoseaccordingtotheresultofluminescencespectra.
ThefluorescenceintensityoftheQDsdecreasesby80%afterirradiationwithadoseof1kGy,butthepositionoftheemission
peakandthespectralshapeoftheQDsremainconsistentbeforeandafterirradiation.Inaddition,thefluorescencelifetimeof
QDsisshortenedafterirradiation.BasedonthefluorescenceresponseofQDstotheirradiationofγ-raysandcombinedwith
flexiblematerials,ourworkprovidesatheoreticalbasisfortheapplicationofQDsasanewwearabledosimeter.
Keywords:CdSe/ZnSquantumdots;γirradiation;polydimethylsiloxane(PDMS);dosimetry

0 Introduction
 Semiconductor nanocrystalline quantum dots
(QDs),asakindofidealfluorescentmaterial[1],
havebeenstudiedandwidely-usedinlight-emitting
diodes[2-3],lasers[4-5],solarcells[6-8],optoelectronics,
electronicdevices,photocatalysisandbiomedicine[9],
duetotheiroutstandingopticalpropertiessuchas
broad-bandexcitationandnarrow-bandphotolumine
scence (PL)emission,continuously adjustable
emissionpeak,longfluorescencelifetime,stable
fluorescence intensity[10], and relatively high
quantumyield.Meanwhile,theQDsareusedfor
radiationdosimetryandionizingradiationdetection
owing to the good properties of optical and
scintillation[11].

 Letantetal.reportedontheuseofQDsfor
detectingαparticles[12-13].Lecavalieretal.studied
theeffectsofγ-rayirradiationontheluminescence
propertiesofmultilayerCdSe/CdS/CdZnS/ZnSQDs

dispersedinaqueoussolution,providingaresearch
basisforreal-timedosedetection[14].Atpresent,the
opticalproperties ofcolloidal QDs dispersedin
different solutions are studied under different
irradiationenvironments.Inourwork,CdSe/ZnS
QDs wereembeddedinthepolydimethylsiloxane
(PDMS)medium.Compared withotherorganic
polymers,PDMSasakindofembeddedmatrixhas
advantagesofgoodtransparency,goodstability,high
elasticity, high radiation hardness, and non-
toxicity[15-17].Theeffectsofdifferentdosesofγ-ray
irradiationonthePLpropertiesofQDswerestudied,
andthedefectsinducedbyradiationwereexplainedin
termsofluminescenceintensityandfluorescence
lifetimebyusingthesteady-stateandtime-resolved
PLmeasurementmethodsbycomparingthem with
unirradiatedsamples.Inourwork,combinationwith
flexiblematerialsandusageoffluorescenceresponse
ofQDstoradiationprovideatheoreticalbasisforthe
developmentofwearabledosimetrydevicesbasedon
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QDs.

1 Samplepreparationandexperiment
1.1 Samplepreparation
 Intheexperiment,thecolloidCdSe/ZnSQDswere
dissolvedintoluenesolution(purchasedfromSuzhou
Xingshuo Nano Technology Co.,Ltd.)withan
emission peak of 622nm,and the dispersion
concentrationwas10g/L.PDMSandcuringagent
weremixedintheratioof10∶1,thentheQD
solutionwasdroppedintothemixtureandstirred
evenly.TheQDsandPDMSweremixeduniformly
after ultrasonic treatment for 15min. The
concentrationofQDsinthe mixturewas1g/L.
Then,themixturesolutionwasevenlydispersedin
sixcircularmoldswithadiameterof1cmanda
thicknessof1mm.Afterwards,sixsampleswere
placedonaheatingplatewiththetemperatureof
60℃for1h,thencooleddowntoroomtemperature
forovernight.Finally,thePDMSsamplesembedded
withCdSe/ZnS QDswereprepared,asshownin
Fig.1.Fig.1(a)showsthepreparationprocedures,
andFig.1(b)showstheas-preparedsamples.In
ordertofacilitatethecomparisonoftheeffectsofγ-
rayirradiationandnon-irradiationonthesamples,
fiveofthesampleswereirradiatedwithdifferent
dosesofγ-rayirradiation,andoneofthesampleswas
notirradiatedasthecontrolsample.

(a)Processingstepsofthesample

(b)PDMSsamplesofdopedandundopedCdSe/ZnSQDs
Fig.1 SamplesofCdSe/ZnSQDsembeddedinPDMS

1.2 Experiment
 Inthisstudy,CdSe/ZnSQDsembeddedinPDMS

wereirradiatedbyγ-rayproducedby60Coirradiation
sourcewithanenergyof1.25MeV.Thesamples
wereirradiatedatroomtemperaturewithatotaldose
of0.1Gy,1Gy,10Gy,100Gyand1000Gy,
respectively.
 Theradiationdoseratewas0.6Gy/min.Inorder
toseparateirradiation-inducedphenomenafromthe
possibleeffects of natural degradation such as
oxidationprocesses,allsampleswereprocessedinthe
samebatch.Itisalsoassumedthatbothirradiated
andunirradiatedsamplesstoredatroomtemperature
undergothesamenaturalagingprocessandrespond
inthesamewaytoenvironmentalchanges.The
luminescence spectra of QD before and after
irradiationweremeasuredbylaseropticaldeviceand
Horiba HR520 fluorescence spectrometer. The
532nmlaserwithstablepowerintheopticaldeviceis
providedbyadiodepumpedsolid-statelaser.The
laserisreflectedtotheobjectivelens (reflection
wavelength 380nm-550nm, transmission
wavelength 584nm-700nm ) through the
dichroscope,andfocusedonthesamplethroughthe
objectivelens.Thenthe photoluminescence was
generatedwhen532nmlaserexcitedtheQDs.The
fluorescencelifetimemeasurementswereperformed
usingthesame opticaldevice equipped with a
photomultiplier tube (PMT) and a Horiba
monochromator.Thetestsystem ofluminescence
spectrumandfluorescencelifetimeisshowninFig.2.

Fig.2 Testsystemofluminescencespectrumandfluorescence
lifetime

1.3 IrradiationprincipleofCdSe/ZnS QDs
embeddedinPDMS

 Duetotheγ-rayirradiation,thequenchingcenters
areintroduced atthe QDssurface,which will
decreasetheaverageQDsfluorescenceintensityand
affectthefluorescencelifetimeofQDs.Fig.3shows
theirradiationprincipleofCdSe/ZnSQDsembedded
inPDMS.Fig.3(a)showstheluminescenceemission
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peakofunirradiatedsampleis622nm whichis
excited by 532nm laser.Fig.3(b)shows the
appearanceofquenchingcentersattheQDssurface.

(a)Unirratedsample

(b)Sampleirradiatedbyγ-rayswithdifferentdoses
Fig.3 IrradiationprincipleofCdSe/ZnSQDsembeddedin
PDMS

2 Analysisanddiscussion
2.1 Testofluminescencespectrum

 Theluminescence spectra of CdSe/ZnS QDs
embeddedinPDMSirradiatedwithdifferentdosesare
showninFig.4.

Fig.4 LuminescencespectraofCdSe/ZnSQDsembeddedin
PDMSirradiatedwithdifferentdoses

 ThefluorescenceintensityofQDschangesafter
irradiation with a dose of 0.1Gy, and the
fluorescenceintensityofQDsgraduallydecreases
with the increase of irradiation dose. The
fluorescenceintensityofQDsdecreasesby80%after
irradiatedwithadoseof1kGy.Similarobservations
werereportedbyWither[18]andRobert[2]etal.Fig.4
alsoshowsthatthepositionofQDsemissionpeak
andtheshapeofthespectrumdonotchangeafter

irradiatedwithdifferentdoses,andthepositionof
emissionpeakisλ=622nm.Forthenewquenching
centersintroducedbyγ-rayirradiation,thedensityof
quenchingcentersincrease with theincrease of
irradiationdose,whichleadstothedecreaseof
fluorescenceintensity of QDs.In Fig.5,the
percentagevariationofthemainpeakintensityis
reportedasafunctionoftheirradiationdoses.

Fig.5 RelativechangeofQDsluminescenceintensityplottedin
percentageasafunctionofirradiationdoses

 TheresultofluminescencespectrashowthatQDs
aresensitivetoγ-rayradiation.Theirradiationdose
ischaracterized bytherelativechange of QDs
photoluminescence intensity and combined with
flexiblematerials,whichprovidesabasisforthe
applicationofwearabledosedetector.

2.2 Testoffluorescencelifetime
 Inordertofurtherstudytherelationshipbetween
irradiation dosesandfluorescenceintensity,the
photoluminescence lifetime of CdSe/ZnS QDs
embeddedinPDMSirradiatedwithdifferentdosesare
tested,thecorrespondingresultsareshowninFig.6.
Ingeneral,theluminescencedecayofcolloidalQDs
hasmultiexponentialproperties.Morespecifically,it
hasbeendemonstratedthatittypicallyfollowsa
biexponentialfunction[19].In fact,it has been
assessedthatthesurfaceofcolloidalQDsplaysan
importantroleincarrierrelaxationandrecombination
processesduetothelargesurface-to-volumeratios.
Infact,theluminescencedecaycurveapproacheda
singleexponentialfunction asthe QDs surface
structurewasimproved[20].
 InFig.6,thefluorescencelifetimeofQDsis
shortenedwiththeincreaseofirradiationdose.The
shorteningoffluorescencelifetimeisattributedtothe
quenchingcentergeneratedbyirradiationcapturing
excited state carriers and reducing the overlap
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betweenelectronandholewavefunctions,enhancing
theirradiationpathofnonradiativerecombinationof
excitonstates.

Fig.6 FluorescencelifetimeofCdSe/ZnSQDsembeddedin
PDMSirradiatedwithγ-raysatdifferentdoses

3 Conclusions
 Inconclusion,theopticalpropertiesofCdSe/ZnS
QDsembeddedinPDMSarechangedunderirradiated
withγ-rayatdifferentdoses.Theseobviouschanges
canbeobtainedwhentheirradiationdoseofγ-rayis
aslowas0.1Gyorashighas1000Gy.Andthe
luminescenceintensityoftheQDsembeddedsample
decreaseswiththeincreaseofirradiationdose.The
luminescenceintensitydecreasesby80% andthe
fluorescencelifetimeshortensafterirradiationwitha
doseof1000Gy.Thedetectionofirradiationdoseis
realizedbythechangeofluminescenceintensityof
QDsafterirradiationbycombining withflexible
materialPDMS,whichprovidesatheoreticalbasisfor
theirradiationmonitoringsystembasedonQDsas
thenanosensingelements.
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摘 要: 将CdSe/ZnS量子点与具有高辐射硬度优点的聚二甲硅氧烷(Polydimethylsiloxane,PDMS)柔性

材料结合,研究了不同辐照剂量的γ射线对嵌入PDMS中的CdSe/ZnS量子点光学特性的影响,并对辐照样

品与未辐照样品进行了发光光谱与荧光寿命测试。结果表明,随着辐照剂量的增加,量子点的发光强度降

低,1kGy剂量辐照后荧光强度降低了80%,但量子点的发光峰位置与光谱形状在辐照前后保持一致;同时

辐照后量子点的荧光寿命也发生缩短。研究得出了量子点对辐射的荧光响应规律,并与柔性材料结合,为量

子点在新型可穿戴式剂量计中的应用提供理论依据。
关键词: CdSe/ZnS量子点;γ辐照;聚二甲硅氧烷;剂量计

引用格式: WANGRuirong,GUOHao,TANGJun,etal.Effectofgammairradiationonopticalproperties
ofCdSe/ZnS quantum dotsembeddedin PDMS.Journalof MeasurementScienceand
Instrumentation,2022,13(1):122-126.DOI:10.3969/j.issn.1674-8042.2022.01.014

621 JournalofMeasurementScienceandInstrumentation Vol.13No.1,Mar.2022


