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AbslIIaCL

InthepleVlOLLSSlLIdy,nl0dlFledcJasslCalhol110geneOLJSnuCleallOnLheolyCOnSldcrlngLhcrrcc

enel'gych(lngeLnParenLPh;lSeWasdeveJoped,whlChlCVèlLedthepresenceoranlJnlnlum ‖

nLlCJeとIllOnCulVe(thecu-veofloLとllFreeeneJgyChangevslluCle'lrrとIdluS)orb=1aryS01ullOnln

thepresentsLudy,LlSlngthemodJrledLheoJy,nL=1lCllCaLc'LJcukLLLOn､WCl･CPelrOJmedrolOLheJ

vanoussystems.IlqUldalldsolldsoJu110nSySIcnlSWLthcompoundnucLeLandmLXedgassystems

wILhllquldnucJeJ ThecalcLIJ'lLedJeSLlhsprovedthepJeSenCeOrとlnllnlmunlJne'lChnucJealLOn

CUL-VeOrlhesevarlOuSSystems ThemlnEnlunlLnnLICIeとLll0nCurveshとLSbccnpassedunnoLICed

bymanyresearcheLS lnVanOuSfleJds Thel.efore,KevlllequaLLOnlSnl1SundeJISLOOdaslL

descllbesLhemaxlmumSlaLe However,lLShouldbethem=1日11し=TIStatethatKelv=1equal)On

descnbes TheLargedIFf-e)encebetweenthecJlllCaIJadluSSlZeOFwateldl.OPLetcalculatedal

themax)mumpoLnr(17Åa【200%hL‖llldlty)andtheobservedm.C■･onorderSIZCOFwaterdroplet

LnCloudandfogcanbeexpJalnedthroughconsldeJlngLhaLthemlcronorderdJOPletshouJdbeln

themlnlmumstate ThecontladICtlOnCO】lleSFromthelTnSundelStandLngthatanucleationcurve

has onlyamaxlmum TheJefoJ̀e,ItlSeSSentlaHOleVleWthevaI.LOuSnuCLeatlOnPhenomenaon

thestandpolntOrthepleSenCeOFamlnLmum TheLnFIuenceoF【hechangeofLnltlalconlenl,

lnJl)a)pressure,LnlelfaclaHenSIOn,andnumbel.OFnuclelinlmoJsystem tOthebehavLOrOr
nuclea110nCurveWasdlSCUSSed

Keywo/'di.C】assICalhon10geneOuSnuClealJOntheory,mlnlmumOHreeenergy,crLtica)nuc一eus,
cloud,flog

l.1nlroducHon.

Acurveoffl.eeenergychangewlthrespecttonuclearradLuS(nucJeatlonculVe),)nthe

processoFclassICaJhomogeneousnuc)eaLIOn,hasamaximum,aSISWel=(ロownlH 0]

However,thecJassLCalhomogeneousnLlCleaLLOntheorylgnOleSthefreeenel.gychangeofpal.enl
phase･ Lnthepl.eVIOuSreports【1】,wep】oposedamodlrledequationOfthelheol'ylnWhlChthe

fl̀eeenergyChangeoFtheparentphasewascol-Sldeled ThemodLrledequa【LOnrevealedthe

presenceoFamlnlmumlnnuCleat10nCulVefo上.thefoL.malIOnOfpuleSOILdnucle)fromthebH1ary

dl1uleso)ullOn･ Ful-the上-,1tWasprovedLhaLthemlnLmumslatewasLntheeqLlLllbnumstatewLth

thesuLTOundLngParentphaseandcouldbedescLlbedbyKelvinequation

ThereISCnlyafewrepol.ICOnCernlngthemlnlmum,thatlS,themLnlmumLnfreeenergy

changeformetal-hydrogensystemca】CulaledbyP.SPope)eta日 日LthatForclosedone-

componentvaporsystemundel-1SOChorlC-lSOtheJmalcondltlOnSreportedby∫Schme)tzeL-etaL

l12],andthatforFe-AltollqUldtelnaryalloysysteml'ePOrtedbysomeoFthepresentauthol.S

l13] Therefol.e,thesurveyfolthemlnl]m n"nnuCleahnculvelnnlanySystemslnVar).OUS
fieldsshou)dbenecessaI.y. lnthepresentsLLldy,thenLLmel'LC之tJcalcul'1110nOFthenuclea【lon

curvesfol.COmPOundnucle1日-SOJut10nSySLenlandLIquldwaternuc)ellnnllXedgassystemwas

perfoI.nedbyus】ngthemodlrLedequatlOn ThecalculaLednucleaLioncurveLneachsystenl

provedthepresenceofamlnlmum,andthus,thatKelvlnequa【lon,LnPl.lnCIPIe,coll.eSPOndslo

theminimumstate･Fulther,thebehavLOrOHhenuc)eat】oncul-VeaCCOmPanledbythechallgeOf

lnltlaLcontent,Ln山alpressure,1nteL-faclaltenslonZlndnL一mberoFnuclelln1molofthesystem
wasinvestlgatedOnthebasLSOflheobLaLnedresults,theconLladJCLLOnbetweenthecrltlCal

Fad.usoFwatel･droplelCalculatedaHhemax"mumpo.nt(17Åa1200%humLdLty)〔8]andthe

observedmlCl.OnOrdersIZeOFwaLel.dropletLnCloudandfoglL4]wasdlSCuSSed

2･Fl.eeJhlergyChangeduriTlgNucJeatioJl.
AsshownlnthepleVLOLLSrePOl-tSll],nuCIeanonunderacons【anHemperatLH-eLnaClosed

systemlSCOnSldeLed,thesystemLnCJudes/ncomponentsandlScomposedoFthespherLCaHLqLHd

o1-SOlLdnuc)elWlthJadJLLSr,aParentphaseandlnlerFacesbetweennucLelandthepal-entPhas e,

つ



eachnucleuslnCJLldcsccomponcnLSandとlSSunlCd10bccntll'elyhomogeJleOLLS:them'llldcare

lntegel-Sand m≧C

Therollow"lgequationscanbewl-llLen-

AV-V''+V'-V (2I)

,I,-"･･十,,',,I, 圭,,,-圭,,,J･.圭,,..十王,,,I, 芸〝,- ∑′,,.'∑J,,/. (2.2)
I=Ⅰ (=l (=l (=l l=(･+I (=(+l J=(･+I

ThesupcrscrJPt,〟,辛andIshownucleusphase･parentphaseandlnterlaclaJphase,rcspecLively･
ThesubscnplIshowsthequanLLlyOrCOmPOnenl∫ TheparametersWLlhoulSuPerSCnPISShow

theLnLtlalsLaLebeforenuc)eatLOnInEq･(2･l)and(212), lt,isthemolenLImberorcomponenlI

andVshowsthevolume Then,therolLowlngequalLOnSfol-therrceenergychangeduring
nucJealioncanbewrLuenll]

AF-∑ t,I:'(〟二㌧p.I)1十∑ 1,I,(P,I-P,))+∑tJ･:(P.I-P.')).aA+K
l=l

1
--(∑〝:I)RTlnS十∑ tJ･.(P:-N.))･∑ t,･./(〟,I-p:))+aA十K, (23)1=l I I

K=-(Po-P)V'E-(p'-F')V', (2.4)
(

AG=-∑in,''(〟,1㌧ 〟,'))+∑(〟,(〟 -//,))+∑(n!(〟,I-N,+))+cm,
l=[ I I

whel-eAFand AG showtheHelmhohzfreeenergychangeunderconstatllvolumecondihOn

andGlbbsFreeenergychangeunderconslanlpressureCOndlt10n,leSPeCLIVe)y,P thepressul'e

orthesystem,P,thechemlcalpotentlalorcomponentF',CTand A arethelntel.raCLal【ellSion

andLOtalareaoftheInterfacebetweennucleiandparentphase,respect)veLy,andSisthe

supersaLuraL･Ondegree Whenthe im tLalsystemistheL･quidorsol･dphase,〟, p:and//,''

canbewrltlenas

〟.=FI,O+lUlh1a,, FL:-〟,o+RTlnE',', 〟,''=〟,o十IUlna:a' (2-5)

WhentheinilLaLsystemlSthegasphase'

〟.=p,'+RTInP., 〟.'=FI,I+尺γlnP,', 〟,''=〟,I+RTlnP.St'', (2-6)

where〟:and〟,' arethestandardchemicalpolenlia】S,and a,and P, ora,'and P;

aretheactLVLtyandpartialpressureorcomponentIbeforenucleaLiono=ntheparentphase,

respecuvely･ Thesuperscrlptsatshowsthesaturatedvalue,thus,aJSaland PI∫alarethe

valuesoverthenatnucleus(日r=0). Here,whenconsiderlngAF underconslantvolume

condltio一一,pLn,alSaland Pt∫al shouldbethevaluesunderatota一pressurePo,thevalueof

whlChwecanselectarbllrarlLy,butWhenconslderlngKeLvtnequatl0nllShouldbetherlnal

pressureornucleatlOnOVerthenatnucLeusI Underconstantpressurecondit10n,Po equalsP･

c ll c lt
whenthein.tLalsysten11StheLlquldorsolLdphase,Sequals n(a.I)･t･/n(a,∫al)XL, andwhen

J=l J=l
c !L L' L1

ll.～thegasphase,S equals n(P,～)･r;L/a(p,slL,)1,,where x, .sthem｡l｡.l FraC1.｡n｡f
J=I L'=l

comPOnerllL'andthemola-rlaCtionlnnucleus･L･lN isconstantbecauseofthea s sLmlPllOnOF

llOnlOgelleOLISl1uCleLIS.
WhennucleusIS'lCOmPOulldll]
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AF--IL''RTLnS+∑(′',(J/,-//,))'∑(′L,I(p,I-p:)卜 od+K, (2.3とt)
I I

AG--′t′′lm nS十∑(H,(/I,'-//,)i+∑(〟,I(〟′l-p,')卜 oA, (2･5と､)
∫ ∫

whcICl1 1SthemolenunlberortheconlPOund Forthellquldor soJldsysLCJll,ScqLJals

Fl(,.,I),l･/FT(a,5,･')'/I,andfl.,Lhegassystem,ScqualsFI(P,)'I'/六 (p,J〟r)(/I.whc.cq/q_"I,
l=l J=l l=l l=】

{/.…'eintegersandshowthesLorchLOmeLT'lCratiooftheconlPOundForlnSLanec,LhecompoLLnd

LSexpressedasAqlBq2 WheniLLSCOmPOSedorAandacomponents

3_NuclealionCurvesCalcuJaledNumerical1yforVariousSystems.

TheLnLerraCLahernlexpressedas∑†〝,/(//,Ilil:)i'nEqs.(23),(2,5),(23.a),(25とL)was
∫

rleglecledTorperrormLngtheroHowlngnulllerLCalcalculat10n. ThetermmlglllhaveLnnuenCe

toanucleall0nCurvelnaSmaHradluSreglOn,butltWOuldhavenolnnuenCerOHheleglOnWILh
largerradLuS,eSPeClaHythereglonaroundthemlnlmumOrthecurve.
3.1 NuclealionorAliCompoundFromA-B-CTernarySolution

FronlEq.(2-3a),AG roHhenucle;tlLOnOrABcompound.nlmoleofanA-B-Clel･nal.y
solullOIISySlelmSWHtenaS:

AG=-nニiRTlnlaユa蒜/(a訂′a/SJE'I))+,,AIrrln(aユ/aA)+J7βlm n(a芸/a〟)+Jtclrllln(('昌 /ac)+a;A

(31)

ThesubscrIPtSA,BandABshowthevalueorAandBcomponentsandABcompoundThe
rollowLngequallOnSareglVenWhenthesoluILOnisldeaJwlthequalvalueormoleFlaCLIOnOrA

andB(x̂,･ru).

aA=′IA=XA,aB=nB=･r13=Jt'A,ac=Xc=1-2xA, (3･2)

aA-XL-モ 諾 ,a左-I;-㌶ -モ 諾 ,a昌-xを-ご 誌 (3･3)

n芸B-,LX-′- D-票 ･A-4-･2N, (34,

FlL'b-pA-〟;=In n(aLE''aD5°′), (315)

where N lslhe10LaLnumbcrofnucleusform edln ImoleorLhesysLemand v′-and〟L'ム are

themolarvolumeandchemlcaLpoLentlalofthecom poundAB,respecLively.

Theca一culated △G FortheLdealsolut■onsystemwithva‖ousinLllalmolerracLIOnOFAand

B(xA=Xn=2･5･】0-3,210-3,)･5･)0-3).weshowninFlg･1･ Ca)culat■Onwasperformed

undertherollow,ngcond･.10 n,{･A -XA -aH - I;a'-)0~3, V''-210-5m 3nl0rl,C,-
∫〟J ∫αl ∫α1

08Nm-I,N-lOl6andT=)000K;Lheunknown'tニBandALnEq(3I)canbeexpressedby'･

asEq.(3.4). Thus,thecalculatLOnSlarledrrolllanear-ZeroVa)ueoFrandwasproceeded
●

thlOughincreaslngrStePbystepandnnLShedJuStWhenaA reached aAjdJ

InFlg.I,thecalculatednucleaLioncurveLSShown,InWhlChとHll川lmLLmlSClealtyObserved

AcconlPanLedthechangeo｢x̂,N and 0-,the△G curvesvalyaSShownlnFlgSl-3,the

valueor△G decleaSeSWtthN and 0-,1nCOntraSHhat△G ■ncl･easeswlthdecrcascoF ･̂̂

3.2 NIJCleationintheGasPhase.
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3.2.1 NLlClealioniI一ldealMixedGasPhaseunderlhCConditionor1aLmPressure.

WhenwaternucleaLeSrl0nlAll10leo｢anIdealnltXedg≡lsPhaseorwとtleraTldとItratlとILnltOtとtl

pressut'e,GlbbsFreeenergychangelSWrlllenaSFollows

△G--1J.'1..oRTln(Fに(,/P,;I:ム)+,･… RTln(P.丁.O/PT..0)十,t▲日,RTLn(F,:r/FTn,)十aA

(36)

ThesubscllPtHヱ〇 三IndalrShow thevillucorwとl【erandalrCOnlPOllCnL SlnCeallCal1be

assunledzIS とIl=dca】mlXedgzIS,WeCanLrCとlLthesyslemastwoCOmPOnellLS gとISSySLem InEq

(36), PI120 , PE,EJとIndthosewt【hsuperscrlPtShowthepZtrrlとl】ptes･quI.eOrWlltelV叩Orandalrln

'llmunLtleSPeCllVeLy,thus,thefoHowlngSCanbewntlen

Pl,20 =''/I,0 =,Ill,20, Pl,･′=′一m′='JlL,･ (317)

P/120 +PtL.′=′t〃20十〝,I,I=J (3･8)

Further,t'0日Owlrlgequa110nSCanbewt̀llLen.

p;120-二聖 二 旋 pE:,, -半 等 衷 (39'
1-′∫乙20 I-nH20

nH10-票 ,A-4m･2N, (3･.0)

F/;;10-〟le,20十JmnPiI(2/o (3H)

Her.C,PH;lo lSthevaporp･essureo川 alwaLe･inatmun.tunde･.1a川pTeSSureand塙 '2o and

vna.･ethechemlCalpotentLaLandmolarvolumeoF=quldwater,)espectlvely IllFLg･4,solld

cuTVeSOrAG calculatedForvarlouslnlL)alvaporpressuresoFwater(PH20=0026･0028,

0.030a【m)areshown ThenumellCalcalculat10nWaSperfornledundertheFoHowLngCOndllLOn

us･ngthat;pL'Lio-2･3･10~2atm,vn-)8･10-5m3, 0--7･3･LOL2Nrn~1,N-]0-6andT-298･I5K

Thus,△G ISarunCLlonorrandtheca)culatlOn Startedbymaklng'･LnC■･eaSeStepbystepand

nn･shedJuStWhen pH,0 reached p;/aZo

rneachcurveofO･030atmandO･028a川10rPIJ20,amlnlmunli"ldamaxLmLlmareObsel･ved

-∩Flg･5,soIIdcul･vesorAG calculatedforO･03aimoF PN20 andvarlOuSN (lOL6,3･1016･

10■7)areshown
3.2.2 Nu(:IeationinanIdealMixedGasunderConstantVolumeCondition.

WhenwaternucleatesunderconstantvolumecondltlOnfrom ln101eofanIdealmJXedgasor

wZLtergaSandalrWIthlatmlnltLalpressuL̀eP,AFcanbeexpressedasroILows:

AF-′瑞 20RTLn(P;120/PF;(:0)+nl120RTL･-(P;120/PII20 )'na,,RTIn(P,,'.,/Pa川)
/

+cE4-(P'-P)V* (3.Ⅰ2)

Here,PoISequaltoPbecausepLaZo ･StakenasthevalueunderIatmpressure･ Eqs(37),

(38),(3LO),and(3.日)a).ealsoappllCablelnthlSSystem,andtherollowlngequa【10nSCanbe
wrluen.

p;/20 -(,,′′20 -n〝,0)RT/(V-V't),
り

(3.13)



ptL*,,=(ト ITH2())lm (V-Vl') (3]4)

Here,〆 arldP are'nNnl-2し"MsbutorlleJPaEti之lll〕■eSSLl.･e■nEqs (312)■nloga'tthm

(plhO,P(,,,,P;I,0 a･1d P,7,,)訓-C ･M ln.un･ls ThevalueorP･sl0】3･tO5Nm~2andlhと,LOr

p*･seqL.Llllo (航 .･塩 )I013105Nm-2 ThelOl(llvolL"lleOrTluCleL･SPhilSCV''canbe

wl-11tenilS●

v,,- ′一n2｡ l′〝-竿 (315)

Helmholt7･r-eeCne一gy AF expleSSedbyEq (312)lSalsoafunct10nOfrlf'pH20 1S

delerm‖1edandLLnderthefollow･ngcond･t･on" EE','｡-23110-2a叫 l′′'-A8･1015nl3,C,-73･

l0-2Nm-),N=)016,T=29815K,andV=2･446･10-2nl3 Thus AF wascalcuFatedsLmllal･lyas

perrornled.ntheprev■oussectLOnForVarlOuSPtl,0 (0026,0･028,0･030∈ltm) Thec.llcuLa【ed

resu一tsa一eShown)∩Flg.4bybÌOkencul-ve§. fnFLg5,thenucLeil【)OnCLIrVeSCalculatedfor

varlOuSN (1016･3･)016,10[7)and0030arm orPl120 al.ealsoshownbybrokencurves･

respec【lVely TnFLgS4and5,thebrokencul-VeSareSllghtlylargerthanthesoILdcurves lhs

cleal'lhatamlnlmulTllSObservedlneachcurve,whICheslabllShesKelvlnequanOnaHhe
mlnllTlum

3.3 BehaviororFreeEnergyChangeforVarjousN,InitialContent,InitialPressure,and
(T.

3.3.) FreeEnergyChangeForVariousVaJuesofN.

Theval.iatlonoFnucleatlOnCurvewiththechangeorN canbeobtainedonlywhenthe

changeofparentphasearetakenIntoconsideratLOn lncontrast,theclassICa】honl0geneOuS
lluCleat10ntheorycanderlVeOnlyonecurvewLthamaxlmumForagJVenillltLaLsupersatura110n

degree ThenucleatLOnCulVeforLarge N showsposlllVeVa)ueanddoesnotshowextrenlaaS

shownLnF】gs.2and5. ItlndlCaleSlhaHheChangeofpal-entPhaseproceedsevenLntheea(-)Ier
stageoFlluCleatlOnbecauseoftherot.nlat)Or10rnumerousrluClel Howevel一,thll0ughrepeallng
colllS10nandcoalescence,theCulVetransformstonewonewlthsmaHerN andsmaHelFree

energy･Lnaccordancewlthlt,amaXLmum andamHllmum cometOappealThestlmng

acceleralescoILISIOnandcon)escencelnCaseOfllquldsoLutlonorgasphase,whlChI.educesN
stepbystep,)ooslrlgthespeedornucLeall0nbecauseorthedecreaseofcoHISIOnChance,the

dLStanCebetweentLlemlnlmumandtheflnalendpolnl(thesaturatedpoLllt)ofnucleatlOnCul.Ve

becomessholter,lfposslble,unlllboththepolntSnleet,WhlChlStheFLnalgoaHnstablesaturated

equllLbl.Lum tnCaSeOFfaLrlylowsalurat10nValueorconcenlraLLOnLnPalentPhase,l▲eaChtothe

saturatedstatewouldbedlFrlCuLIbecauseofLowprobabilllyOFcoHISion･ Thusevenrepeated

stlmngWOuldnothaveeFrecILoreachltandthesystemremalnSLostayaHhemtn)mum.

3.3.2 FreeEnergyChangeforVariousInitialContentsandPressures.

Thenuclea【10nCurveShowsnl0rePOSltlVeValueofthefreeenel'gychangeasthelnlllal

contentOrPreSSuledecl-eases Consequent一y,nucleal10nLSdLFFICuLtwhenlnitlalcontentor

pressureLSlow. However,thechangeofrreeenergydecleaSeSWLthdecreaseofN Therefore

stLmngWOuLdeFFectlVefolplOnl0t10nOfnucleatlonlfthecoHISLOnandcoalescenceLSPOSSLbLe

Thus,crLILCalsupersatura110ndegl'ee,LnWhlChactuallynocoIItslOnaTldcoalescenceareoccurled,

woulddependonlmtLalcontellrOl.Pl.eSSul.eand N values. ThelnCreaSlngbchavLOrOr

nuclea【10nCurveWlthoutextrenlum atlowestlmllalconten10rpressureShownLnFlgSI,4,6lS

oblalned only whenthechangeoftheparentphasearetakenIntoCOnSldela【10n The

calculatlonfrom theclassIC之IlhomogeneousnucLe之l【10ntheoryFol仙esamecondllIOnShowsa
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cLll-VeWILhとInlaXlnlum ThuLq,lLlndlCaLeHhelargeposlLIVerleCenergyChと111geOrLJlePとIrent

phasecompensと11eSlhenegaLlveFreeenergychangeo｢TluClelITltheglVenCOEldILl011

3･3･3 FreeEnergyChangerorVarious6.

ThefreeenelgyChangewtLhsm'lHvELILleSOrCTdoesnotshowanllnlmunl,butasLIrrlClenL

largev̀llLleOrCTglVeSadeepvillleyatanllnLmunl TheJerOle,rod'1%ySLemWlllllargev山ue

orcT,thevalleyWouldbedeepyetevena｢teL-rePe;LLeddecl-easeOrN aTld,thus,lhcsyslenl

couldnotgeLOutOrLhevaHey.Furlllet,H tSShownrronlKelvlnequuL10n,theFalgerValueoro

c乱ISeS【heFzllgelS ILmeansthaHhesystem wlthlal一ge 6 Showsthelarge S iuthe
111川川1Llm0FnuClealトOnCuIVe

ltshou一dbenotedLhaLdependenceollcTOnrlSnotLとIkenIntoaccountlnCillcLLlatl0nOFlhe

curveslnthepresentwork However,cT Shoulddependoncut.Vatu一一eOfadlOPleL,nanlelyon

nucleal.radluS DerayandPI.LgOgZnel10]del.lVedthef.ollowlngequatlOn

;O ,,/I,宝 ′V (316,

whel-eJo,CTalethelntel'raClallenSIOnOFnatLnlelfacewILhzel'ocurvature,andthatofa

spherlCald110Plelw.Lhrad.usr,respect.vely,vLSthemolarvo一umeofthedroplelandrlSthe

surfaceexcess UslngEq (3･L6)regardlngthedependenceorcTOnTluClearl.adluS,Free

ene】̀gychallgeOllnuClear10110Fwalel~FI~0111mlXedgascolltall1111galt~alldwa【e】vaporundel1

atm pressurewasca一culated lnthecalculat'on,r=910-6moLnl-2wasusedl10]Other

condlLIOnOrlhecalcu】atLOn)SthesanleaSlnFlg.4exceptcT Theresu)tsareshown‖1Flg6

Stnctlyspeaklng,Eq(33]6)canbeapplledonlytothesyslenllnequlIlbLlurTICOndltlOnbetween

dropletandparentphase,thus,LtdescrlbesthelnterfacLaltens10nOnalocusofamlnlnlumOla

maxlmumlnrTeeenergyChangeforvarlOuSN. Howevel-,theestlmationusLngEq(316)was

usedForthecaLculatlOnOrFlg 6assumlngthatlluCLeat10nOCCurSlnaCOndltioncloseIO

equ.llbrlum. YeいnthecaseoFsmallernucleusthanaFewtenA,Eq(316)wouldnotshowan

appl-oprLa【eesllnlate. EverlSO,thecurvesLnFlg 6aresLmllarlothoseshownlnFlg4 ,

showLngaHttLelowerAG valuethanthecurveslnFlg4
FurtherlnVeStLgatLOnOHhecalcu)atedI.eSultslnFLg6,madecleat.thefoHowlng,aHheFlnal

sa(uratededgepolnlOfthenucleanoncurvewlth003arm lnllla】vzLPOrPl.eSSurelnFlg.6,g

valueshows0O71Nm~LalLhoughthewaterv･,po･.pressure･sthesaluraLedone(p/S,ago-2･3ll0-2

atm);thecTValuedoesnot■･eachye=hevalueofzerocurvature(0.073N.m~l),lndLCatingthat

theedgepo)ntdoesnotshowastableequl)lbrLumSlatebetween theFlalwaterandthegasphase,

whlChISalsoclearrronlthatthepolntlSnotanextremum However,lFN decreasestoa

valuethattheTllLnlmumCOrreSPOnds10thesaturatedpoLnいhe J reachestheneal̀Valueofzero
curvatureOFthewater

3.3.4 KeLvinEquationandtheMinimumI)escribedbyN,lnilia)Content,InitialPressure
and J.

Frollltheaboveresults,thebehavlOrOfthenucJeat1011Cul-VeforthechangeoFN,1nltlal

content,mItlalpressureand J Canbeclal.lrled Consequently,themLnlmUm StatetllaL

correspondstoKeLvLneqUatl0llcouldbedescllbedcJearLybythechangeofN,lnltla)coTltent,

1nLtlalpressureandq･ThemlnlmumState,Wethlnk,wouldhaveappearedlnnlanyPlacesoF

nucLeatLOn,butlthasbeenremalnedunnoIICedllSWeHastheroIJowlngCasesOFcloudandFog

3.4 Drop)etsincloudandFog.
TheabovementLOnedresLLILslnlhlSChapterconFlrmedthepresenceofanllnlmum)neach

nucLea110nCurveFol.manysystenlS Thel-eFore,LlLSnecessarytOreVleWthevanousnucleatlOn
phel10menaLnllghtofthepl.eSenCeOfamlnlnlumandtheposslbtestabllltyOrnanOOL.nllCrOn-
SIZednuclelShouldbedJSCuSSed

FormStanCe,rlneWatel.dJOPleLSlnCloudandfogoflenremalnSt(lbleforaLongtlnle･The

7



long-tlmeSt̀lbHlLyOllcloudandflogshowsthedLOPIcLSLObclnanequlllbnL"llSLaleとllldlniISLaLe

corleSPOnds10Kel､′lllCqLLZtrl011 FFAbr之Iham l81lePOrLedLh'llthecl-lllCとIlladluSOrW'llel

dropleLlnWaterVaPOICalculatedFI10nlClasslCalhonl0geneOuSnuCIeaLlOnlhcolylgnOllngthenee

energychangeIllParentphaseIS17Awhen S.,..･equals2,whlChcolreSPOndsto200%

hunlldlLy Howevel,thesIZeOrdropleLSObservedlnCloudolrOgarenOLSO SnlallbLllln

mlCrOnOrdel[14] The)erore,weconsldelrhaLthelong-llmeSl(lbllltyOrCJoudandFogwlLh

dropleLSOrmlCrOnOT.delShoLHdbelnanlHllnlum SLale ThenLlnlenCalcとIIculとLt10nWhcrlN

decreasesdown101013日lFlg5,thenucleaI.rad]usとILthenlmlnlunlleachesLOthem)clOnOldeI･
Thererlore,llleSIZeObselVedlnnaluleWOuldcoEl-eSPOlldtothecalcLltittedsIZea=llemlmnlLLlll

Generally,thec一oudandFogaresaldlobetheagglegat10nOfwaterdrop一etswhlChnucleate

herel.OgeneOuSIyonFlnedustfloatlnglnalr･ However,thevapo-▲pressurearoundthedl.OPlelS

shouldbedescrLbedbyKelvlnequatLOn,nOnlauerhowthedustnlayeXISlaH hecenterofthe

droplet,andthebetterStabllltyatamlmnlum Statethanamaxlmums一ateShouldbeocculred

eventhoughthesystemexpe).lenCeSanlnltlalheterogeneousnucleaLIOnPrOCeSSIThecloLLdsand

FogwouldbearamltlとIrexampleFor"ldlCallnglhenecessltyOrre-eXamlnatlOnOFnucleatloll

processFromthestandpolntOFpresenceoranllnlmum
3.5 Considerationf'orthePresentModel

Theparabollclncl.easlngbehav10rOFnucLeatIOnCul'VeWlthnonlaXlmunlrOl-thelal'geNln

FlgS2and5andfbH helowestsupersaturatedconLen101PreSSLLrelnFLgS l,4and6Showsthat

lhechangeofparentphasehasinnuencelnthecurvesevenlnthesmaHradluSreglOn lnthe

prevLOUS-ePOrlS[l],welntl-OducedtheargumentonthestandpolntoFmoleculardynanlLCS

agalnStC)assICalhon10geneOuSnuCleatLOntheol.yForthesmaHradluSI.egLOnl7,15,】6] Surely

thepresentmodelmlghthaveavaguepolnrforthevet.ySmaHradluSl▲egLOnVleWlngfrom a

n10leculardynarTHCPOLntarldllLgnO】edthelntel-faclaltez-m Fol'PerFormlngthenume)lCal

calculat)onsButlLCanPredLCHheInfluenceoFtheFreeellergyChangeofpallentPhaseevenln

thesma日radLuSregLOnWlthLa1-geNarldLowsupersaluraLedcontentol-PressureaSmelltlOnabove･

Thus,thecorlSlderatl0nOFtheparentPhasealsoshoLLLdbelnlPOrtantevenForthenl0】eculal

dynanllCPrOCeduz.erol'smaH radLuSreglOn ThecomparLSOnOrtheresultsOrdlrrel-enl
procedurebytaklngIntoaCCOLLnttheparentphasewouldbedeslrable

WebelLeVethaHhebehavlOrOrnuCLeatlOnCulVedescrlbedinthepresentstudywould be

helpfullnanalyz】ngLhe一一uc】eallOnPhenomenalnVarlOuSFie)ds･ EspeclaJly,therorma110r10F

bulkglassyandbulknanostructuredaHoy,whlCh)snowbelnglnVeStLgatedextenslveLy,nlLghlbe

re)aモedtothebehav10Z.OrnuCLeationcurvewlthamlnlmunl0rWlthalal'geN valueot▲low

supersaturatedcontent,althoughltalsorelatestothestabllltyOFthellquldalloystate･ The

processofFormatLOnOfbulkglassyandbulknanostrucluredalloyLSnotlSOlhermalone,but,by

assumLngaSuPerCOOledllquldahoy,aslmulatLOnLSeXpeCtedl

4.Conclusion.

ThellquLdandso)ldsolutLOnandmlXedgasphasewet.econsldeledbynlOdlrledcLassLCal

homogeneousnuclea【iontheolyandthenL)Cleat】oncurveswerecalculatednumel-】caHy The

resultsprovedthepresenceofaTmnlmumlnaddlLIOntOamaXlmumlneachnucleatLOnCurveln

thesystems.ThemLnlmum Lnthenuclea〔ioncurvehasbee-lunnOtlCed Therefore,Kelv-n

equa【lonnotonlyatthemaxlmumbutalsoaHhemlnlmumWaseStabllShedbythep1-eSentmodel

ThestabLlilyoFthemlcrol1Ordersizeofdl.opletslnCloudszlndfogLndlCateSthaHhesystemlSLn

anlin)mumstatewhlChiscoll.eSPOnd】ngtothestatethatKelvlnequatlOndescrLbes Therefore,

realsystemsshouldbeT'elnVeSllgaLedthroughneweyesontheslandpoLmOrthepresenceoFa
mlnlmum lnnuC】eatlOnCul･Ve. NunlerlCalcalcula【LOnmadeclearthatthenucleanonculVe

dependsontheLolalnumbell0rnucleus(N),inll)alcontentsandpleSSUl-eSOfcomponents,and

lnterfaclaltens10nbetweennucleusandparentphase(cT),

(A) 1ncaseoFlarge N value,therleeenergychangeshowsposlLIVeValLIeandLnCreZLSeSWtth
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nucJealradluSWllhdecreaseoFN,cacIICurveOHreeenergyWlthdL｢reJenLN shl｢LS101hc

Lowez.valued=ecLIOn ThecoIIISIOnとlndcoillescenceornuclelbHl一gSthedecreとLSCOrN

r=1allytoresulttnaL･llVa日oLhesaLuEaLedeqL"tIbrlun10rLhesyslcm However,1川1ePIObzlb]llty

orcoHslOnlSSC(llCeevenbyLhe一一epeatedsL"=ng,thesysLcJllWOuTdrema=110StayilLとI

nlll1m1Llmtolalollgtlllle

(2)WILhdecI.easeO｢l11lllとIIconLenLOrPrCSSLH~C,nuCJèltl0nCulVegoes【OtheposILtVedlEeCll0n

TheleFore,lower=11LlalconlenlOIPIeSSurCCausesthelowelPOSSlblllLyOrnuCleaLl0n･

(3)WlththedecrezISeOr(丁,eachcL"VCWIIhdlFreJellLCr Shl｢tH0thenegこltlVed=-ecllOniuld

showsadeepmlnlnlunlVaHey KcJylnCqLl(lLLOnLndICaLeSthとItthel̀lrgelV(llLLeOrJ Cau､e51hc

largersupe ['salLLraLLOndegJeeとLHhemLnlmum EnlealsystenlS,O Shouldchangewllhnuclear

radtus Yet,taklngthedependenceor(70nnuC)e'lrl-adluSlntOaccountalsoleads10Lhc

slmllarbehav10lOrtheculVeSltlfreeenelgyChange･

(4) TheparaboJICincl-easlngbehav10rOrnLLClea【10nCurvefoHhelal.geNandForthelow

supersatL‖atedconlenlolPl-eSSureWasObserved,whlChshowsthatthechとlngeOfpal.entphase
haslnnuenCelnthecut.Ve§evenLntheslllallradluSreg10n
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