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WeWe reportreport thethe effecteffect ofof conversionconversion conditionsconditions onon thethe devicedevice characteristicscharacteristics ofof poly (p-phenylene 
vinylene)vinylene) (PPV) light-emittinglight-emitting diodes.diodes. BothBoth electroluminescenceelectroluminescence andand photoluminescencephotoluminescence 

poly(p-phenylene 
CPPY) 

intensitiesintensities decreasedecrease withwith increasingincreasing degreedegree ofof conversion.conversion. PartialPartial cDnjugation enhancesenhances thethe 
electroluminescenceelectroluminescence intensityintensity andand givesgives anan efficiencyefficiency (with(with CaCa asas electron-injectingelectron-injecting contact)contact) asas 
highhigh asas 0.75%0.75% photonsphotons perper electron,electron, aboutabout twotwo ordersorders ofof magnitudemagnitude moremore efficientefficient thanthan fromfrom 

conjugation 

similarsimilar devicesdevices preparedprepared fromfrom fullyfully convertedconverted PPY. TheThe resultsresults ofof constantconstant currentcurrent stressstress 
PPV roomroom 

PPV. 
measurementsmeasurements suggestsuggest thatthat thethe partiallypartially conjugatedconjugated PPY diodediode isis relativelyrelatively stablestable atat 
temperature.temperature. 

I.I. INTRODUCTIONINTRODUCTION	 intermedi-throughthrough polymerizationpolymerization ofof thethe sulphoniumsulphonium saltsalt intermedi­
ate.ate. WeWe carriedcarried outout thethe polymerizationpolymerization inin waterwater inin thethe

InitialInitial resultsresults fromfrom semiconductingsemiconducting polymerspolymers em­em- presencepresence ofof basebase underunder nitrogennitrogen flowflow and,and, afterafter termina­termina-ployedployed inin light-emittinglight-emitting diodesdiodes (LEDs) havehave demonstrateddemonstrated(L.E.Ds) tion,tion, dialyseddialysed thethe reactionreaction mixturemixture againstagainst distilleddistilled water.water.variousvarious colorscolors (red,(red, yellow, green,green, andand blue)blue) with impres­yellowl 	 wit.h impres-
TheThe solventsolvent waswas removedremoved andand thethe precursorprecursor polymerpolymer redis­redis-sivesive etliciency, brightness,brightness, andand uniformity.l~l1 FlexibleFlexibleefficiency, 	 uniformity.’ -I1 
solvedsolved inin methanol.methanol. ForFor bothboth photo-photo- andand electro-electro­light-emittinglight-emitting structures,structures, whichwhich taketake uniqueunique advantageadvantage ofof 
luminescenceluminescence measurementsmeasurements thinthin filmsfilms withwith threethree toto eighteightthethe processingprocessing advantagesadvantages andand mechanicalmechanical propertiesproperties ofof 
layerslayers ofof thethe precursorprecursor werewere spinspin coatedcoated fromfrom 1.2%1.2% meth­meth-polymers,polymers, havehave alsoalso beenbeen fabricated.fabricated. [2t2 
anolanol solutionsolution ontoonto suitablesuitable substrates.substrates. EachEach precursorprecursor layerlayerPoly(p-phenylene vinylene)vinylene) (PPY) waswas firstfirst usedused asasPolyCp-phenylene (PPV) waswas heatedheated onon aa hotplatehotplate atat 160°C forfor 33 minmin beforebefore thethe160 “Cthethe light-emittinglight-emitting layerlayer inin aa light-emittinglight-emitting diodediode byby	 Bur­Bur- nextnext layerlayer waswas applied.applied. AfterAfter thermalthermal conversionconversion atat differ­differ-roughesroughes etet al.al. 1r TheThe efficiency (photons(photonsefliciency emittedper injectedinjectedemit.ted per entent temperatures,temperatures, rangingranging fromfrom 160160 toto 300300 °C, thethe partiallypartially“C,electron)electron) waswas 0.01 % inin aa sandwichsandwich devicedevice configurationconfiguration ofof0.01% toto fullyfully conjugatedconjugated PPY filmsfilms areare homogeneous,homogeneous, densedense andandPPValurninum/polymer/indium-tin ox.ide. Recently,Recently, aa signifi­aluminumr’polymer/indium-tin oxide. signifi- uniformuniform withwith greengreen toto yellowyellow color.color.cantcant increaseincrease inin efficiencyefficiency waswas reportedreported whenwhen aa polymerpolymer 

TheThe LEDLED structurestructure consistsconsists ofof aa metalmetal contactcontact (Ca)(Ca) ononwithwith bothboth conjugatedconjugated andand	 nOllconjugated sequencessequencesnonconjugated waswas 
thethe frontfront surfacesurface ofof aa PPVPPV filmfilm onon aa glassglass substrate,substrate, par­usedused asas thethe light-emittinglight-emitting layer.layer.”4 TheThe efficienciesefficiencies riserise toto	 par-
tiallytially coatedcoated withwith aa layerlayer ofof indium/tin-oxideindium/tin-oxide (ITO),(ITO), thethe0.8%0.8% photons/electron withwith anan electron-transportingelectron-transporting layerlayerphotons/elect.ron hole-injectinghole-injecting contact.contact. Electron-injectingElectron-injecting calciumcalcium contactscontacts

placedplaced betweenbetween PPVPPV emittingemitting layerlayer andand thethe negativenegative elec­elec- areare depositeddeposited onon thethe toptop ofof thethe polymerpolymer filmsfilms byby vacuumvacuumtrode.trode.”s . evaporationevaporation atat pressurepressure belowbelow 44 X 10-7 TorrTorr yieldingyielding activeactivex lo-’ ThinThin filmsfilms ofof semiconductingsemiconducting PPY areare mademade byby firstfirstPPV 	 2areasareas ofof 0.10.1 cmcm’. • AllAll processingprocessing stepssteps areare carried outout inin aacar&dspinspin castingcasting thethe precursorprecursor polymer,polymer, andand thenthen convertingconverting nitrogennitrogen atmosphere.atmosphere. IndiumIndium soldersolder isis usedused toto connectconnect(either(either completelycompletely oror partiallypartially dependingdepending onon timetime andand tem­tem- wireswires toto thethe electrodes.electrodes.
perature) toto thethe conjugated formform byby aa thermalthermal eliminationeliminationpcrature) conjugatd SpectroscopicSpectroscopic measurementsmeasurements useuse aa single-graftingsingle-grafting
reaction.reaction. 'Ve summarizesummarize thethe resultsresults ofof aa studystudy ofof thethe effecteffect?Ve monochromatormonochromator (Spex(Spex 3408) withwith aa PhotometricsPhotometrics CCDCCD340s)ofof thethe conversionconversion conditionsconditions onon thethe devicedevice characteristicscharacteristics 

cameracamera (Tektronix(Tektronix TK512 CCD)CCD) asas aa detector.detector. Electrolu­TK5 12 	 Electrolu-ofof LEDsLEDs mademade withwith	 PPY asas thethe activeactive luminescentluminescent layer.layer.PPV minescenceminescence (EL) spectraspectra werewere recordedrecorded whilewhile applyingapplying aa[EL)WeWe findfind thatthat aa majormajor improvement inin electroluminescenceelectroluminescenceimprovement. steadysteady currentcurrent ofof 2.52.5 mAo ForFor photoluminescencephotoluminescence (PL)(PL)mA.intensityintensity isis obtainedobtained whenwhen partiallypartially conjugatedconjugated PPVPPV isis usedused 
spectra,spectra, thethe polymerpolymer isis excitedexcited withwith UY lightlight atat 365365 nm.nm.UV asas thethe light-emittinglight-emitting layer.layer. TheThe efficiencyefficiency isis asas highhigh asas 

0.75%0.75% photons/electronphotons/electron forfor aa sandwichsandwich devicedevice configura­
tiontion usingusing calciumcalcium asas thethe electron-injectingelectron-injecting contactcontact 

configura-
III. RESULTSRESULTS ANDAND DISCUSSIONDISCUSSIONIll. 

(calcium/PPV/indium-tin oxide).oxide). BothBoth 
cencecence andand photoluminescencephotoluminescence decreasedecrease withwith increasingincreasing IT0 
(calcium/PPV/indium-tin 	 electrolumines-e1ectrolumines­

TheThe forwardforward biasbias currentcurrent isis obtainedobtained whenwhen thethe ITO 
conjugationconjugation length.length. TheThe partiallypartially conjugatedconjugated PPVPPV LEDsLEDs electrodeelectrode isis positivelypositively biasedbiased andand thethe CaCa electrodeelectrode 
areare quitequite stablestable atat roomroom temperature.temperature. grounded.grounded. FigureFigure 22 showsshows thethe currentcurrent andand lightlight intensityintensity 

versusversus voltagevoltage characteristicscharacteristics measuredmeasured fromfrom aa partiallypartially 
conjugatedconjugated PPVPPV devicedevice inin whichwhich thethe PPY precursorprecursor waswasPPVil.II. EXPERIMENTALEXPERIMENTAL DETAILSDETAILS 
heatedheated atat 160°C forfor 22 h.h. TheThe forwardforward currentcurrent increasesincreases 

PPV withwith increasingincreasing forwardforward biasbias voltagevoltage andand thethe reversereverse biasbias 
160 “C 

llPY waswas synthesized,synthesized, asas shownshown inin Fig.Fig. 1,1, viavia aa solutionsolution 
processableprocessable precursorprecursor polymerpolymer inin thethe formform ofof aa tetrahy-tetrahy­ currentcurrent remainsremains small;small; thethe rectificationrectification ratioratio isis inin thethe rangerange 

polytlectrolyte. l3 102_103
• LightLight emissionemission firstfirst becomesbecomes visiblevisible atat aa biasbias ofofdrothiopheniumdrothiophenium polyelectrolyte. 13 ThisThis precursorprecursor polymerpolymer lo’-103. 

convenientlyconveniently preparedprepared fromfrom a,a’a,a'-dichloro-p-xylene,-dichloro-p-xylene, is .-isis	 justjust underunder 1010 VV atat whichwhich pointpoint thethe currentcurrent densitydensity is- 100100 
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FIG.FIG. 1.1. SyntheticSynthetic routeroute toto partiallypartially andand fullyfully conjugatedconjugated PPV.PPV. 
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FIG.FIG. 2.2.	 CurrentCurrent andand lightlight emissionemission vsvs voltagevoltage plotsplots forfor aa partiallypartially con­con-
jugatedjugated (conversion(conversion condition:condition: 160·C forfor 22 h)h) PPY diode,diode, (Ca/PPY/ 
ITO).ITO). 
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FIG.FIG. 3.3. EmittingEmitting lightlight intensityintensity recordedrecorded byby calibratedcalibrated SiSi photodiodephotodiode vsvs 
currentcurrent followingfollowing throughthrough PPY LEDsLEDs (Ca/PPY/ITO) preparedprepared atat dif­
ferentferent conversionconversion conditions.conditions. 

PPV (Ca/PPV,‘ITO) dif-

j.l.A/cm1
. AboveAbove 1414 VV (4(4 mA/cm2 

), thethe greengreen lightlight emis­
sionsion isis visiblevisible underunder normalnormal laboratorylaboratory lighting.lighting. 

FigureFigure 33 comparescompares thethe emissionemission intensityintensity dependencedependence 

,uA/cm”. mA/cm*), 	 emis-

onon currentcurrent forPPV devicesdevices preparedprepared underunder differentdifferent con­for PPV 	 c.on-
versionversion conditions.conditions. TheThe emissionemission intensitiesintensities increaseincrease lin­lin-
earlyearly withwith increasingincreasing injectedinjected currents.currents. TheThe highesthighest emis­
sionsion intensitiesintensities areare obtainedobtained fromfrom thethe devicedevice inin whichwhich PPVPPV 

emis-

waswas convertedconverted atat 160·e forfor 22 h.h. AsAs conversionconversion tempera­160 “C 	 tempera-
tureture increases,increases, fromfrom 160160 toto 300300 °C, thethe emittedemitted lightlight inten­
sitysity becomesbecomes weaker.weaker. 

FigureFigure 44 showsshows thethe emissionemission efficiencyefficiency dependencedependence onon 
conversionconversion temperaturetemperature forfor PPVPPV devicesdevices preparedprepared underunder 

“C, 	 inten-

differentdifferent conditions.conditions. TheThe efficiencyefficiency increasesincreases withwith increas­
inging conversionconversion temperaturetemperature whenwhen thethe temperaturetemperature isis belowbelow 

increas-

160·C. WhenWhen thethe conversionconversion temperaturetemperature isis aboveabove 160160 ·e,160 “C. 	 OC, 
thethe efficiencyefficiency decreasesdecreases withwith increasingincreasing conversionconversion temper­temper-
ature.ature. TheThe efficiency.is asas highhigh asas 0.75%0.75% photonsphotons perper elec­
trontron forfor thethe devicedevice inin whichwhich thethe PPVPPV light-emittinglight-emitting layerlayer 

efficiency is 	 elec-

waswas convertedconverted atat 160·e forfor 22 h.h. TheThe efficienciesefficiencies ofof devicesdevices160 “C 
preparedprepared atat conversionconversion temperaturetemperature ofof 300300 ·C forfor 2020 hh inin 
vacuumvacuum areare 0.003%0.003% andand lower.lower. TheThe efficiencyefficiency ofof thethe devicedevice 

“C 

preparedprepared atat 160·C forfor 22 hh isis aboutabout 250250 timestimes greatergreater thanthan160 “C 
thatthat atat 300300 °e forfor 2020 h,h, andand 1010 timestimes greatergreater thanthan thatthat ofof“C 
140140 °Cfor 22 h.h. BrownBrown etet al. reportedreported thatthat thethe efficiencyefficiency waswas“C for uZ. 
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FIG.FIG. 4.4.	 DependenceDependence ofof electroluminescent efficiency onon thethe conversionconversionekctroluminescent eflicieney 
temperaturetemperature ofof PPY films.films.PPV 
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FIG.FIG. 5.5. Room-temperatureRoom-temperature absorptionabsorption spectraspectra ofof PPVPPV thinthin filmsfilms preparedprepared 
atat differentdifferent conversionconversion conditions.conditions. 

0.1 % forfor aa sandwichsandwich devicedevice configurationconfiguration ofof aa calciuml0.1% 	 calcium/ 
PPVlITO.5 ThatThat efficiencyefficiency isis muchmuch higherhigher thanthan ourour devicedevicePPV41T0.5 
preparedprepared atat 300300 "C forfor 2020 hh inin vacuum,vacuum, butbut closeclose toto thatthat 
preparedprepared atat 210210 ·C“C forfor 22 hh inin nitrogennitrogen (0.06%).(0.06%). TheThe dif­

“C! 
dif-

prepara-ferenceference couldcould resultresult fromfrom reactionreaction conditionsconditions forfor prepara­
tiontion ofof thethe monomermonomer andlor thethe precursorprecursor polymer,polymer, andandand/or 
thethe detailsdetails ofof thethe devicedevice fabricationfabrication conditions, 

TheThe absorptionabsorption spectraspectra ofof PPVPPV obtainedobtained atat differentdifferent 
conditions. 

conversionconversion temperaturetemperature areare shownshown inin Fig.Fig. 5.5. AsAs thethe con­
versionversion temperaturetemperature increases,increases, thethe bandband gapgap shiftsshifts toto lowerlower 

con-

energy,energy, implyingimplying thatthat thethe conjugationconjugation lengthlength ofof PPVPPV in­
creasescreases withwith increasingincreasing conversionconversion temperature.temperature. 

in-

FiguresFigures 66 andand 77 showshow room-temperatureroom-temperature electrolumi­
nescencenescence (EL)(EL) andand photoluminescencephotoluminescence (PL)(PL) spectraspectra ofof 
PPVPPV preparedprepared atat differentdifferent conversionconversion temperatures.temperatures. TheThe 

electrolumi-

EL yieldyield decreasesdecreases withwith increasingincreasing conjugationconjugation length.length. TheThe 
highesthighest efficiencyefficiency ELEL waswas obtainedobtained fromfrom PPVPPV convertedconverted atat 
E,L 

160 "C forfor 22 h,h, thethe lowestlowest ELEL fromfrom PPVPPV convertedconverted atat160°C 
300300 "C forfor 2020 hh inin vacuum,vacuum, inin agreementagreement withwith thethe decreasedecrease“C 
inin PLPL intensity asas thethe conjugationconjugation lengthlength increases.increases. 14 Thus,Thus,
intensit.y ‘” 

thethe ELEL andand PLPL bothboth decreasedecrease inin intensityintensity asas thethe conjuga­

tiontion lengthlength increases.increases. OneOne explanationexplanation proposedproposed forfor thisthis
 
resultresult waswas thatthat anan increaseincrease inin conjugationconjugation lengthlength leadsleads toto aa
 
largerlarger excitationexcitation mobilitymobility resultingresulting inin moremore rapidrapid motionmotion
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FIG.FIG. 7.7. Room-temperatureRoom-temperature photoluminescencephotoluminescence spectraspectra ofof PPVPPV thinthin filmsfilms 
preparedprepared atat differentdifferent conversionconversion conditions.conditions. 

andand greatergreater possibilitypossibility ofof interactions. e.g.,e.g., withwith quenchingquenchinginteractions, 
sites,sites, thatthat leadlead toto nonradiativenonradiative decay.3 BecauseBecause thethe PLPL andand 
ELEL spectraspectra reportedreported toto datedate areare virtuallyvirtually identical,identical, itit isis 
believedbelieved thatthat thethe samesame excitedexcited statesstates givegive riserise toto bothboth PLPL 

decay.3 

andand ELEL emission. 1,7 

TheThe datadata ofof Figs.Figs. 66 andand 77 confirmconfirm thatthat thethe PLPL andand ELEL 
bothboth covercover thethe samesame energyenergy range,range, andand thatthat theythey exhibitexhibit 

emission.1*7 

similarsimilar vibronicvibronic features.features. Nevertheless,Nevertheless, theythey areare notnot pre­
ciselycisely identical.identical. AlthoughAlthough bothboth decreasedecrease inin intensityintensity withwith 

pre-

increasingincreasing conjugationconjugation length,length, thethe PLPL ofof differentdifferent conjuga­
tiontion lengthslengths areare almostalmost identicalidentical inin peakpeak positionspositions andand 
shapes.shapes. ThisThis differencedifference isis notnot fullyfully understood,understood, butbut itit isis 
likelylikely thatthat differentdifferent emissionemission centerscenters dominatedominate thethe PLPL andand 

conjuga-

ELEL spectra.spectra. PhotogeneratedPhotogenerated emissionemission doesdoes notnot relyrely onon car­car-
rierrier mobilitymobility inin thethe sensesense thatthat excitationsexcitations generatedgenerated inin por­
tionstions ofof thethe filmfilm withwith lowlow mobilitymobility cancan contributecontribute toto thethe 
emission.emission. InIn fact,fact, suchsuch regionsregions ofof thethe filmfilm mightmight dominatedominate 
thethe PLPL becausebecause ofof enhancedenhanced nonradiativenonradiative recombinationrecombination inin 
highhigh mobilitymobility regions,regions, asas notednoted above.above. ForFor EL,EL, oppositelyoppositely 
chargedcharged carrierscarriers mustmust movemove sufficientlysufficiently closeclose thatthat theythey cancan 
recombinerecombine radiatively,radiatively, soso thethe ELEL spectraspectra mightmight bebe moremore 

por-

characteristiccharacteristic ofof thethe regionsregions ofof thethe filmfilm withwith higherhigher mobil­
ity.ity. SinceSince thethe longerlonger conjugatedconjugated segmentssegments shouldshould havehave 

mobil-

higherhigher mobility,mobility, theythey wouldwould produceproduce thethe observedobserved ELEL be­be-
havior. 

TheThe effecteffect ofof self-absorptionself-absorption shouldshould considered. 
havior. 

bebe considered. 
TheseThese PLPL measurementsmeasurements useuse thinthin filmsfilms illuminatedilluminated fromfrom 
thethe samesame sideside ofof thethe filmfilm asas thethe detector;detector; soso carrierscarriers areare 
generatedgenerated throughoutthroughout thethe sample,sample, andand self-absorptionself-absorption isis 
minimal.minimal. TheThe ELEL emissionemission requiresrequires thatthat carriercarrier injectedinjected 
fromfrom oppositeopposite electrodeelectrode recombine.recombine. IfIf asymmetricasymmetric injectioninjection 
leadsleads toto moremore EL emissionemission onon oneone sideside ofof thethe samplesample thanthan 
thethe other,other, thethe effecteffect ofof self-absorptionself-absorption wouldwould actact toto enhanceenhance 
oror diminishdiminish thethe highest-energyhighest-energy features,features, nearnear thethe onsetonset ofof 

EL. 

thethe absorptionabsorption band.band. ThatThat thethe highest-energyhighest-energy (zero pho­
non)non) peakspeaks inin thethe ELEL spectraspectra areare strongerstronger thanthan thosethose inin thethe 
PLPL spectraspectra suggestssuggests thatthat therethere isis lessless self-absorptionself-absorption inin thethe 
ELEL thanthan thethe PL.PL. ReducedReduced self-absorptionself-absorption wouldwould indicateindicate 

[zero pho-

thatthat thethe ELEL emissionemission prefersprefers thethe frontfront surfacesurface ofof thethe film,film,
FIG.FIG. 6.6. Room-t.empcmture electroluminescenceelectroluminescence intensit.y vsvs photonphoton en­Room-temper&are 	 intensity en-

whichwhich isis thethe edgeedge nearnear thethe ITO electrode,electrode, andand wouldwould implyimplyIT0ergyergy forfor PPVPPV devicesdevices (Ca/PPVlITO) preparedprepared atat differentdifferent conversionconversion~Ca/PPV/ITO) 
conditions.conditions.	 thatthat thethe ITO/PPV interfaceinterface dominatesdominates carriercarrier injection.injection.ITO,PPV 
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FIG.FIG. Y.8. EmittingEmitting lightlight intensityintensity (solid)(solid) andandbiasbias voltagevoltage (dashed)(dashed) vsvs timetime 

of a “C, 2of a partiallypartially conjugatedconjugated PPVPPV devicedevice (conversion(conversion condition:condition: 160160 'C, 2 h)h) 
atat constantconstant currentcurrent inin a drydry box:box: lowerlower curves,curves, 0.10.1 rnA; upperupper curves,curves,a mA; 
I rnA.1 mA. 

ItIt waswas foundfound thatthat LEDsLEDs preparedprepared fromfrom partiallypartially con­
jugatedjugated PPVPPV werewere quitequite stablestable atat roomroom temperature.temperature. FigureFigure 
88 showsshows stabilitystability datadata ofofaa partiallypartially conjugatedconjugated PPVPPV devicedevice 

con-

preparedprepared atat l60"C. TheThe emittedemitted lightlight intensityintensity andand biasbias160 “C. 
voltagevoltage werewere recordedrecorded asas aa functionfunction ofof timetime atat 0.10.1 andand 1.01.O 
mAmA constantconstant current.current. TheThe brightnessbrightness dropsdrops byby onlyonly aa fac­
tortor ofof 33 oror 4,4, andand thethe devicedevice allowsallows stablestable operationoperation forfor 1414 
hh inin nitrogennitrogen drydry box.box. BecauseBecause thethe partiallypartially convertedconverted PPVPPV 
isis thermodynamicallythermodynamically unstable,unstable, tendingtending towardtoward thethe fullyfully 
conjugatedconjugated form,form, thethe performanceperformance ofof devicesdevices mademade fromfrom 
thethe partiallypartially convertedconverted materialsmaterials wouldwould bebe expectedexpected toto 
graduallygradually diminishdiminish overover time.time. TheThe conversionconversion is,is, however,however, 
relativelyrelatively gradual;gradual; afterafter fourfour monthsmonths storagestorage inin aa nitrogennitrogen 
drydry box,box, thethe specificspecific devicedevice withwith characteristicscharacteristics shownshown inin 
Figs.Figs. 22 andand 33 waswas remeasured.remeasured. TheThe currentcurrent versusversus voltagevoltage 
characteristicscharacteristics showedshowed aa dropdrop inin currentcurrent byby aboutabout aa factorfactor 
ofof 33 atat anyany givengiven bias,bias, andand thethe efficiencyefficiency ofof lightlight outputoutput hadhad 
droppeddropped inin half.half. 

InIn conclusion,conclusion, relativelyrelatively highhigh efficiencyefficiency LEDsLEDs werewere 
mademade byby usingusing partiallypartially conjugatedconjugated PPVPPV asas thethe light-light­

fac-

emittingemitting layer.layer. BothBoth thethe electroluminescenceelectroluminescenceandand thethe pho­
toluminscencetoluminscencedecreasedecreasewithwithincreasingincreasingconjugationconjugation length.length. 

pho-

ConstantConstant currentcurrent stressstress measurementsmeasurements showshow thatthat thethe par­par-
tiallytially conjugatedconjugated PPVPPV devicedevice isis quitequite stablestable atat roomroom tem­
perature.perature. 

tem-
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