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Basic Thermodynamics Functions 
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First and Second Law of Thermodynamics 
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Back to Basic Thermodynamics 
Functions 
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From 1st and 2nd LTD and basic definitions we get: 
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Heat Capacities 
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Phase Equilibrium 

Two phases, A and B 
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Phase Equilibrium 
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Phase Equilibrium 
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What about dotted line? 
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Saturation 
Thermodynamic driving force for phase change / transformation from one 
phase into another is the difference in chemical potentials between these 
two phases at particular pressure p and temperature T. 

[ ] [ ]

;v
p

constT dp;vdμ:recalling

dp
p
μdp

p
μΔμ

)(pμ(p)μ)(pμ(p)μΔμ
)(pμ)(pμ

const.T
(p,T);μ(p,T)μΔμ

m

m

p

0p

B
p

0p

A

0BB0AA

0B0A

BA

=
∂
∂

⇒

==

∂
∂

−
∂

∂
≈

−−−=
=

=
−=

∫∫

µ P 

µ 

µΑ 

µΒ 

∆µ(p) 

∆µ(p) 



Material Science of Thin Films, ECE 6348 Stanko R. Brankovic ECE 5320 









=

=⇒

=≈

≈

∫

∫

0

p

0p

gBm,Am,

p

0p
Bm,Am,

p
pRTlnΔμ

dp
p

RTΔμ

phase gas from growth crystal

   
p

RTv)v-(v

;)dpv-(vΔμ

Saturation, Cont. 

nstalizatioelectrocry ofcase 
E-E(  -zFηΔμ

solution from growth crystal ofcase 
C
CRTlnΔμ

0

0

)==









=

η



Material Science of Thin Films, ECE 6348 Stanko R. Brankovic ECE 5320 

Laplace / Capillary Pressure 
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Laplace / Capillary Pressure, Cont… 
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Gibbs-Thomson Equation 
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Basic Crystal Structure: SC 
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Basic Crystal Structure: FCC &HCP 
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Basic Crystal Structure: FCC Low 
Index Planes 
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Basic Crystal Structure: BCC 
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Basic Crystal Structure: BCC 
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Basic Relations 

Planes/directions are perpendicular: 
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Vicinal Surfaces 
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Surface Relaxation 
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Surface Energy and Surface Stress 
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Surface Energy 
Broken Bonds (111) plane?: 

Binding Energy: 
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Surface Energy 
Material γ / J⋅cm-2×10-7 T / C° 

Au 1410 1027 
Ag 1140 907 
Fe 2150 1100 
Pt 2340 1311 
Cu 1670 1047 
Ni 1850 1250 
CaF2 450 25 

KCl 110 25 

dT
dT γγγ −= 0
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Equilibrium Shape of Crystals 

Kossel Crystal (SB-Polonium) 
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Gibbs –Wulff –Curie Theorem 

0)(

;0)(

0

;0
,

=+−−

−=⇒=+=

+−⇒

==+

+−−=

−−=

=−−=
==

∑

∑

∑

n
nhklcgc

gcgctotal

n
nhklccgg

totalgc

n
nhklccc

ggg

totaltotal

total

dAdVpp

dVdVVVddV

dAdVpdVp

dFdFdF

dAdVpSdTdF

dVpSdTdF

pdVSdTdF
constTconstV

γ

γ

γ

 :crystal-gas equlibrium

:Recalling



Material Science of Thin Films, ECE 6348 Stanko R. Brankovic ECE 5320 

Gibbs –Wulff –Curie Theorem 
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Gibbs –Wulff –Curie Theorem 
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In equilibrium, the distance of the crystal faces from a common point with 
in the crystal (Wulff point) is proportional to the corresponding specific 
surface energies of these faces. 
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Gibbs –Wulff –Curie Theorem 
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:statment-Re The supersaturation/saturation 
has the one and same value of the 
crystal surfaces. The equilibrium 
size of the crystal is determined by 
the supersaturation.  

∆µ1 
∆µ2 

Which one is true? 
∆µ1 > ∆µ2 

or 
∆µ1 < ∆µ2 
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Polar Diagram of Surface Energy 
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