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Difference between an Ideal and a Real surface
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Difference between an Ideal and a Real surface
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Point Defects in Real Surfaces

e Entropy is a counter of the number of ways you can realize a
thermodynamic state: S = kgIn )

e ny vacancies in N states - Stirling approximation (In N! ~ N1n N)

N!
(N — ny)!ny!

S(ny) = kgln = kg[NInN— (N —n,)In (N —n,) — nyIn ny]

Q=5-4/2=10
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Point Defects in Real Surfaces
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o Gibbs free energy for a solid with N sites containing n, vacancies:
G=Go+ney— kgT[NInN— (N—ny)In(N—ny) — n,1nny]

e At equilibriumoG/on, =0

ny ( ) R ny 1
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Point Defects in Real Surfaces

Point Defects in 3D Point Defects in 2D
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Point Defects in Real Surfaces

e Gibbs free energy for a solid with N sites containing n, vacancies:
G=Gy+ ney— kgT[NInN— (N—ny)In(N—ny) — nyInn)]
e Energy for creating a vacancy: bulk—kink e, ~ (12¢, — 6¢p,) = 66,
surf.—kink ey = (9¢p, — 66p) = 3ep
e AtequilibriumdG/on, =0
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Point Defects in Real Surfaces

What About Impurities?
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Line Defects in Real Surfaces
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o In aliquid, v is constant, so the system just want to minimize area at fixed (100) G10)  (210) (320) (o)
volume — spherical droplets

o Inasolid, the surface energy ~ is orientation-dependent. Minimize total
surface energy at constant volume

min/'y(ﬁ) dA ‘
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Line Defects in Real Surfaces

e Surfaces that correspond to cusps in the Wulff plot are very stable, and
atomically flat (“singular surfaces”)

o Surfaces that are slightly tilted (“vicinal surfaces”) exhibit faceting: flat,
singular-orientation terraces separated by ledges

e Surface energy can be worked out as a function of the angle
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Line Defects in Real Surfaces
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Line Defects in Real Surfaces

adatoms vacancies
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Line Defects in Real Surfaces

o In areal case, with ledges and kinks, the story is more complex

e Kinks are special, in that you can add an atom without changing the
number of broken bonds

terrace

adatoms vacancies

ledge vacancy ledge adatom
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Line Defects in Real Surfaces
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Line Defects in Real Surfaces
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Difference between an Ideal and a Real surface
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Defects from the Bulk in Real Surfaces
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Defects from the Bulk in Real Surfaces

o Surfaces contain kinetic defects, that are typically connected to bulk
defects (grain boundaries, dislocations)

e Surfacing dislocations can be seen by etching, or by decoration of the
surface

e Screw dislocations can be a mechanism for crystal growth

screw dislocation
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Reconstructions in Real Surfaces
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Side View
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Reconstructions in Real Surfaces
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Side View
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Reconstructions in Real Surfaces
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Side View
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Reconstructions in Real Surfaces

Side View
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Reconstructions in Real Surfaces
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Reconstructions in Real Surfaces
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e The unit cell of a (reconstructed) surface is often labeled relative to the
clear-cut lattice vectors (Wood notation)

VS

=1 Q O—a
o| Surface ce
v| O OO0
(011) bulk cell

M (hkl) — [clp] (m x n) [Ra]

O0O000O0O0
0000000
O0O000O0O0
0000000
O O O @ O

SuNMIL@ EPFL



Reconstructions in Real Surfaces
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e The unit cell of a (reconstructed) surface is often labeled relative to the
clear-cut lattice vectors (Wood notation)

M (hkl) — [c|p] (m x n) [Ra]
Si(100)-(2 x 1)
ONONCRONONONO
00 O®0®O0
000 Xe
OO0O0O0O00OO0
09 00RO

=t Q O—a
o| Surface ce
vl O 0O OO0
(011) bulk cell

SuNMIL@ EPFL



Reconstructions in Real Surfaces

Si(100)-c(2 x 2) Si(100)-(v/2 x v/2)R45
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Reconstructions in Real Surfaces

011
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Reconstructions in Real Surfaces
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Reconstructions in Real Surfaces

Au(100)(28 % 5)
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Conclusions
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fcc lattice :  different net planes
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