
1

Crystal Growth: Physics, Technology and Modeling

StanisğawKrukowski & MichağLeszczyŒski

Institute of High Pressure Physics PAS

01-142 Warsaw, Sokoğowska29/37

e-mail: stach@unipress.waw.pl, mike@unipress.waw.pl

Zbigniew ŧytkiewicz

Institute of Physics PAS

02-668 Warsaw, Al. Lotnik·w32/46

E-mail: zytkie@ifpan.edu.pl

Lecture 6. Kinetic processes at surfaces

http://www.unipress.waw.pl/~stach/cg-2024-25

25.11.2024 & 02.12.2024ïKinetic processes at surfaces

mailto:stach@unipress.waw.pl
mailto:mike@unipress.waw.pl
mailto:zytkie@ifpan.edu.pl
http://www.unipress.waw.pl/~stach/cg-2024-25


Synopsis

Å Adsorption and desorption

Å Surface diffusion

Å Step Properties

Å Motion of a system of parallel steps

Å 2-d nucleation

Å Screw dislocations role in surface dynamics

225.11.2024 & 02.12.2024ïKinetic processes at surfaces



Adsorption and desorption

Å Adsorption ïattachment of 
species (molecules/atoms/radicals) 
at the solid/liquid surfaces

Å Desorption ïdetachment of the 

species from solid/liquid surfaces

Desorption does not depend on the pressure in the vapor
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Adsorption ïKossel model ïK surface

Å Atomic adsorption at K surface (atomically rough)
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K surfaces ïfluxes and equilibrium

Å Desorption ïdetachment rate Rdes

Å Adsorption ïsite attachment rate Rads

Å Equilibrium ïfluxes are balanced Rtot
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Å Equilibrium ïflux and pressure (will be used as reference value ïi.e. 

zero supersaturation)
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K surface ïgrowth rate

Å Growth rate - v

Å Growth rate ïin function of the supersaturation - Wilson- Frenkel law

ⱨ▫ ⱱ▀(= a3) ïatomic volume
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Å Growth rate ïin function of the pressure
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Wilson ïFrenkel growth rate

Å Growth rate v

v

ů
This is the upper bound for crystal growth velocity at:

i/ ů = 0.1

ii/ p = 1 bar = 105 N/m2

iii/ T = 298.15 K

iv/ m = mN2 = 28 * 1.66 * 10-27 kg
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Adsorption ïF surface (Kossel model)
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Å Atomic adsorption at F surface (atomically flat)
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Adsorption ïat flat (F) surface
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Å Adsorption ïsite attachment rate Rads
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Å Desorption ïdetachment rate Rdes
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Å F surface ïvapor ïcrystal equilibrium (zero supersaturation) ïfluxes are 

balanced I tot
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Å Site occupation (coverage) csur-eq
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Adsorption ïat flat (F) surface- equilibrium with the crystal (K face)
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Å F surface ïvapor  in equilibrium with the crystal (K surface) ï

fluxes are balanced
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Å Site occupation in equilibrium(zero supersaturation)with the crystal 

and with vapor:

Å Equilibrium with K face  ïflux and pressure
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Flat surface ïsurface diffusion and desorption

Å Surface diffusion

Å Desorption 
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Å Surface diffusion coefficient depends on the jump barrier U:
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Flat (F) surface - desorption

The latter dependence is described for Kossel crystal F surface 

i.e. for Edes= ◖.
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Å Desorption ïdetachment rate Rdes
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Å Surface residence time  Űsurïdetachment rate
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F surface ïsurface diffusion length

Å Surface diffusion lenght xsur is determined using 
surface residence time Űsur

Å Kossel crystal
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Å Surface diffusion coefficient

Å Surface diffusion length xsur is
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Surface diffusion ïchemical diffusion

Å Average density of adsorbed species 
changes slowly in space: 

z z +  az - a

n(z) n(z+ a)n(z-a)
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i.e. over the distance a the change is 

small, and could be approximated by 

linear term.

Å The velocity of the jump of the species to the right and left is
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Surface diffusion (chemical) - Fick law

Å Effective flux is the difference of these jumps

Å General case ïFick law

Å Linear expansion gives

csurïcoverage, i.e. fraction of sites that are occupied
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Adsorbate dynamics

Å Mass source for unit of surface area I ïadsorption and desorption 

balance

Å Mass conservation law (next lecture ïderivation)

Å Adsorbate dynamics equation 
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Sources ïadsorption and desorption

Å Surface supersaturation, different  from vapor supersaturation is;
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Å Vapor mass sources are calculated using vapor supersaturation Ɑ╥:
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Å The effective source (i.e. from the vapor)  is:
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Adsorbate dynamics - sources
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Å Laplace term is:
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Å Vapor mass source is:
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Å Desorption escape is:
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Adsorbate dynamics - sources
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Å The basic equation is:
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Å Transferred to:
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Å The fundamental equation is:
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Vicinal (V) surfaces ïsteps and terraces

Surfaces consisting of steps and flat areas between (terraces) we call vicinal surfaces.  
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Å The fundamental equation is governing adsorbate dynamics at terraces:

Å Steps ïboundary conditions?
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Energy of the steps

Å Atom row escape - creation of two steps

Å Atom escape  - two bonds are broken

Å Step energy in a distance ïhalf of the bond energy
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