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MECHANISHMS $or the INITIAL STAGES of PHASE SEPARATION
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HOMOGENEOUS VERSUS HETEROGENEOUS NUCLEATION

free energy AF(R)
mntms nuc\tuti'on: AF* ’

a"droplet” of the new (stable) phase
forms from the old(mekastuble) phage
by SPONTANEOUS THERMAL FLUCTUATIONS

R\ -
critical pr\d' radias

* high frec energy barrier AF* rare_events \
e R* hanoscepic : direct obser vation DIFFICULT
heterogenesus nucleation supersaturated gas

t.q- condensation of « lLiquid at awall U RRC vy~ <

Sy g T e g S SRR v R g G Sas op o O W ggqg

under INCOMPLETE wETTINq conditions o || 0 “'
1 Bwe ~ Swe =8, @) O=contact anqle -
i, Moty PRSI YOUNG uso's)9 m

e 3 interface tengpns . _ ¥ ' SRAR \~
o Lower $ree lhlf"’ bavsies _-Ets-:?rm‘fgej : .‘(0)'-"- &’14'(056}(1"‘(050)1 /‘1. ':

@ TURNRULL (1920) E i i 0l s i Sl e



CLASSICAL NUCLEATION THEORY
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GEOMETRY OF SPHERE -CAP-SHAPED DROPLETS
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CLASSICAL THEORY OF HOMOGENEOUS N UCLEATION :VALIDITY 2
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MONTE CARLO TEST of NUCLEATION BARRIERS:
ISING, LATTICE GAS MODEL Furukeawa and Binder1382
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- NUCLEATION KINETICS
Atomistic interpretation in terms of GROWTH and
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NUCLEATION KINETICS
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DYNAMlCS OF NUCLEATION

Nucleation rate J = [-S(»“L“&) d ,‘]

ng=exp(-F /kf)  ©

if Ff Mkl : expand F; quedratically

«t : L ~F, ~1¢ (-1 +-~
a" ¥ ﬁll > const

= J P op[-FEV,T ]

Kingtic "ac‘l» 1ELDDVI(«H (19%2) €acter
FURTHER CORRECTIONS (¢-3- BINDER +STAUFFER 1936)

() "CLUSTER REACTIONS” in ar bﬂm steps @

UAuster reaction maksx’ wi(s,L) + @ ~3
=H q, qets replaced by @

g 1> 3
@ “Custer reackion aabe’ Ry = %,[w L AY/n 1L :::w%.t

critical Quster size



ﬂpﬁmﬂﬁnf
@@mé@m sation

prefecred sites : regular lattice — LATTICE GAS MODEL
phonens of cryctal substrate:heat bath —
MARKOVIAN MASTER EQUATION : MONTE CARLO !
dPCTAY -zw(i’-»ie') P(RY + Zw(x-ox)l’(:?‘b)
o 2 N
% — wicitbakes -l-.ruml'l:fon probeb.
Latbice gas & Dsing Ferromagney ( dons ity g & o

ﬂvwmr«&m leanden sation: m«»@k spin CM mode) Wﬁgmﬂnﬂoh
@) surf ace difFusion: Spm‘ucdrwngs kmehe Ismg model




UST’ERS

Droplet concentration N, in the d=1
ISING LATTICE GAS  near Te
i 2 5

10 20 50 100 200 asoo
——

pherical drops,capillarity
o mbm)

p.ﬂ,ﬁ.‘lﬂ ' 0.003
|

f I'bqhn‘

~
- L}
- 51

Fisher's dropiet model

M.H/k.‘ =Q---

rMonomers onlu

clcuhr reackion rate ot coexistence
MigTo 2Ol bk
T =046

Rinder ¥Miller-Krumbhaar 1934



Monke Carlo tesk of ¥t vegions => estimates of "steady stuks”

nudeation theo ry

cluler concentrations

ﬁ Mnnh Carle "Lr..."

CLUSTER CONCENTRATION
ISING LATTICE

“““ T AS T=096T.
{ {\*\‘-L‘_ . q &‘__1 ’
~~~~~ R Theory  using

Monte Carlo tuuhs

- / r R!l M
00 . L
W=y . S

}' <-4 A § : w) © E
uedH 00‘;‘ = : n = J (R‘“‘) “ '
PRI ) 4 ¢
1* &~ 560 L T o mwmoama -04":

100 %0



Scaled inverse Ufetime of mebashable
states h the d =1 LATTICE GAS neer T,

-4
L,-:
6 V/kgT
+|0.45
i 0| 046 v \ _
4 vl 0.48 a pntmuh
' 1 ory
2.—-
- /kgT ™
” A Hs ke ol
0 1_ 5 10 A5 20

scaled supersaturation

' BINBER S MULLER- KRUMBHAAR (1974)



NUCLEATION DYNAM(CS -
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' DENSITY FUNCTIONAL THEORIES OF NUCLEATION
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IPINODALS exist tn the MEAN FIELD LIMIT
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SIMULATION QEOMETRY NVT ensemble
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PHASE COEXISTENCE IN FINITE L«l-D LSING
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LATTICE GAS (1SING MODEL)
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* ESTIMATION OF THE CONTACT ANGLE : ISING MODEL
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Monte Carlo estimation of the surhcc free emrgg of

droplets IN THE BULK
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CONCLUSIONS
» The CLASSICAL THEORY of hemogentous nucleation
is accurate For high free energy barriers AF:. =~
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