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| ntroduction

Nucleation — process leading to the formation of a new phase
(solid, liquid) within metastable original phase (undercooled

melt, supersaturated vapor or solution)
at

* random sites in the bulk of a mother phase

(homogeneous nucleation)
special case: nucleation in closed systems

* on substrate, surface of ampule, impurities, etc.

(heter ogeneous nucleation)
special case: nucleation on active centers
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| ntroduction

(a) Atomic system
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(b) Polymer system

Disentanglement

Entanglement Chain sliding diffusion

(Topological restriction)

M. Nishi et a.: Polymer Journal 31 (1999) 749.
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| ntroduction

4 Fig. 2: Geometries and the point symmetry groups of some Na
and Ar ACs calculated in [3, 4].
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. 3: Second differences
in binding energies calculated
for for Ar ACs in [3].
120

europhysics news NOVEMBER/DECEMBER 2002

Jean-Patrick Commerade: The science of clusters: An emerging field,
Europhysics news 33/6 (2002) 200.
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Motivation

Cooperation with experimental groups (Hiroshima Univ., etc.)

° Nucleation in microemulsions _ _
Microemulsion — thermodynamically stable dispersion of

one liquid phase into another (oil-in-water, water-in-oil)
Droplet diameter about 100 nanometers
Theoretical approaches — problem to explain measurements

(Only thermodynamical aspects of nucleation in close systems, no
connection with kinetics of formation of a new phase.)
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Nucleation In closed systems

— . .
Nucleation on active centers

Nucleation kinetics at various conditions — p..



Thermodynamical aspects

Energy of formation of nuclei:
AG(n) = Gyp(n) — Gyp(n) = AGy(n) + AGg(n)

Critical size n*:
OAG(n)

on
Capillarity approximation:

=0=n"

AG(n) = —nAu+ oS,

. 20\’
" 3A

For S, = yn%3 =
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Thermodynamical aspects

Polymer systems

Primary (3D) nucleation, / Growth, Vand U
—————-

melt critical nucleus macroscopic
nucleus

entanglement
i . / 2D nucleus
Cham sliding diffusion 5 disentanglement

AE +AG »

Free energy

Probablity of
critical nucleation

M. Nishi et a.: Polymer Journal 31 (1999) 749.
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Thermodynamical aspects

Work of formation of clusters
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J® = const. exp ( - nucleation rate
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Nucleation kinetics

ki kT kT kr
1 - 2 - 3 - 4 -
— — - —

ky ks ky ks
k1 (k) — attachment (detachment) frequencies of molecules

* Coalescenceisneglected
attachment (resp. detachment) of growth units plays
dominant role in nucleation and growth process

* Nucleation starts at any nucleation center (monomer,
active center) in the bulk of supersaturated mother
phase
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Basic equations

dF,
At — n—l(t) — Jn(t)

where cluster flux density (nucleation rate for n*)

Jn(t) — k:Fn(t) — k;+1Fn+1 (t)

Total number of nuclei greater than m

t

Zn(t) = 3 Fo(t) = /0 7. (t')dt

n>m

F,, — number density of nuclel of size n
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Basic equations
Initial and boundary conditions

Fn>1(t — O) — O

Frioel(t) =0
Ny (= Fy) — number of nucleation centers
N1 > > nF,(t) = N; = const.

(open system)

Nucleation kinetics at various con

ditions — p.



Basic equations
Initial and boundary conditions

Fn>1(t — O) — O

Froo(t) = 0

Ny (= Fy) — number of nucleation centers

N1 > > nF,(t) = N; = const.

(open system)

(close system)

Nucleation kinetics at various con

ditions — p.



Basic equations
Initial and boundary conditions

Fn>1(t — O) — O

Froo(t) = 0

Ny (= Fy) — number of nucleation centers

N1 > > nF,(t) = N; = const.

Ni(t) = Ni(t =0) — >, nFy(%)

(open system)

(close system)

Ni(t) = No — o1 Fu(?) (active centers)
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Transient frequencies

Vapor — Liqui
P
ky = Sn
V2rmkT

Vapor — Solid

P E

kv = S, ex ( )
" NV2rmkT P kT

Liquid — Solid

os - surface density of monomers
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Avrami model

dN(t)
T Ja(t)[No — N(t)]

N(t) - total number of nuclei
J4(t) — time dependent nucleation rate per active center

N(t) = Ny [1 — exp (— /Ot JA(t’)dt’)]

FY = Ny
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Binary nucleation

kg(na,ng+1)
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Closed systems

Work of formation of clusters Work of formation of clusters
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Closed systems
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Closed systems

Real distr. function F Real distr. function F
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Closed systems

Nucleation rate
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Closed systems

Dimensionless nucleation rate
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Closed systems
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Closed systems

Decrease of supersaturation
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Nucleation on active centers

H. Kumomi and F. G. Shi: Phys. Rev. Lett. 82 (1999) 2717.
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Nucleation on active centers

Total number of supercritical nuclei
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Nucleation on active centers

Nucleation rate

n = 10000
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Nucleation on active centers

4000 8000 12000
Cluster size
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Nucleation on active centers

Nucleation agent




Nucleation on active centers

n = 567 1600 (shifted)
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Nucleation on active centers
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Nucleation on active centers

S
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Conclusions

Closed systems

* At low supersaturations quasistationary regime is reached.

* At higher supersaturations formation of nuclei is fully
nonstationary process.

» Standard approaches based only on thermodynamics can not
describe nucleation in close systems.

Nucleation on active centers

* Modified standard kinetic model including the depletion of

the active centers fits well nucleation of FCC polyethylene at
low supersaturation.
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