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Abreakthroughofmonitoringenergystorage
inoperationusingopticalfibers

ThedrivetowardrenewableＧenergytechnologies,suchaswindandsolar,tohelpfightclimatechange
putsapremium on waystostoreanddeliverpowerfromthesenonＧcontinuousenergysources．One
intriguingpieceinthispowerＧmanagementpuzzleliesinsupercapacitors—ultraＧhighＧcapacitancestructures
thatcansopup,storeanddeliversignificantamountsofcharge,andthatcanwithstandhundredsof
thousandsofchargeＧdischargecycles．Buthowcanthesecloseddevicesbemonitoredinrealtime,to
ensurethattheyareworkingatpeakefficiencyandtopreventpotentiallycatastrophicfailuresinthe
renewableＧpowergrid?

Figure　ElectrochemicalsurfaceＧplasmonＧresonancesensingprinciple
andexperimentaldemonstrationwithagoldcoatedtiltedfiberBragg
gratingsensor．

WiththesupportoftheNationalNaturalScienceFoundationofChina,theresearchteamsledbyProf．
GuoTuan(郭团)andProf．MaiWenJie(麦文杰)atJinanUniversity,China,believethattheyhavecome
upwithananswer(LightSciAppl,doi:１０．１０３８/s４１３７７Ｇ０１８Ｇ００４０Ｇy(https://doi．org/１０．１０３８/s４１３７７Ｇ
０１８Ｇ００４０Ｇy))．TotakeadvantageofelectrochemicalsurfaceＧplasmonＧresonance(ECＧSPR)forkeepingtabs
onsupercapacitors,theChineseＧCanadianteamdevisedaprobeconsistingofacommercial,telecomＧgrade
singleＧmodeopticalfiber,withatiltedfiberBragggratingimprintedinitscoreandwithananometers
thickcoatingofgoldaroundthefiber􀆳souterlayer．Theythenembeddedthesensorinoneelectrodeofa
twoＧplatecapacitor,andpushedbroadbandpolarizedlightthroughthefiberwhilethecapacitorwas
running．Whenlightstrikestheinterfacebetweenametalandadielectric,partofthelightbeam􀆳senergy
istransferredintoasubwavelengthＧscaleelectromagneticsurfacewaveinaphenomenonknownassurfaceＧ
plasmonＧresonance(SPR)．Itturnsoutthatthecharacteristicsoftheresonancearehighlysensitiveto
chemicalorphysicalchangesatthemetalＧdielectricboundary．That􀆳sbecausethebondingofchemical
substancesonthe metalsurfacechangesthelocalrefractiveindexand,thus,thephasevelocityand
attenuationdistanceoftheSPR．

Theteamfoundthat,asthecharge
density and ion distribution in the
supercapacitorchanged,thosechanges
couldbereaddirectlyinvariationsinthe
optical SPR spectrum—revealing “a
stable and reproducible correlation
betweentherealＧtimecharge—discharge
cycles ofthe supercapacitors and the
opticaltransmissionoftheopticalfiber．”

Andthatcorrelationremainedsolidover
a number of chargeＧdischarge cycles．
ThisECＧSPRapproachoffersaunique,

lowＧcostmethodforrealＧtimemonitoring
ofenergystoragedevicesin operation
and to fillan important gap in the
renewableＧenergypicture．


