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How can we observe 
‘surface freezing’ with 

surface tension ?

Phys. Rev. Lett. 70, 958 (1993)



G = H – TS

γ = (Gsurf - Gbulk) / A

dγ/dT = - (Ssurf - Sbulk) / A

Thermodynamic study with surface tension

γ = ε’ - T(Ssurf - Sbulk)
(energy density per unit area)

ε’ : excess surface energy per unit area
S : entropy density

Science 261, 1018 (1993)



Surface tension & entropy
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dγ/dT = - (Ssurf - Sbulk) / A

Ssurf≥ Sbulk

surface molecule : less constrained



Surface tension & entropy
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surface molecule : more constrained



Surface tension & entropy
Phys. Rev. Lett. 70, 958 (1993)

(dγ / dT) T>Ts ~ - 0.088 mN/m · K-1

(dγ / dT) T<Ts ~ 1.32 mN/m · K-1

* from ref : Sr (rotator phase) = 1.41 mN/m · K-1 ~ Ss

Sr – 0.088 = 1.33 mN/m · K-1 ~ Ss – Sb

– (S l
surf – S l

bulk)

– (S s
surf – S l

bulk)

* rotator phase : crystals with 3D long-range positional order of their 
centers of mass, but no long-range in the rotational degree of freedom
of a molecule about its long axis





Surface energy for stack of ordered N layers

Tb < T < Ts

liquid
γ

energy density per unit area

γl

excess surface free energy per unit area
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solid

δγ (0)≡ γ s + γ sl – γ l

γl

γsl
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δ Ssl : entropy gain per molecule
(associated with the solid-to-liquid bulk transition)
second term : free energy penalty for the creation of a stack of
N ordered layers

(bare liquid surface)

Δs : free energy difference of N layers between in the surface and in the
bulk solid phase

stack of 
N layers



Surface freezing condition
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Δs – δγ (0) > 0

δγ (0)≡ γ s + γ sl – γ l : independent with N

Δs : decreasing function of N
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surface freezing at T > T b

surface freezing at T > T b



Numerical estimation of δγ (0)

γ sl≈ γ s – γ l
δγ (0) = 2 γ l (γ s / γ l – 1)δγ (0)≡ γ s + γ sl – γ l

γ s / γ l ≈ (ρ s / ρ l )2

(ρ : electron density)

δγ (0) = 2 γ l [(ρ s / ρ l )2 – 1]

γ l = 27 ergs/cm2

ρ s / ρ l = 1.15for alkane

δγ (0) ~ 18 ergs/cm2



Molecular weight dependencies
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Consistent with above rough estimate





Surface energy for a solid layer at liquid surface
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Ocko group Ocko group 

γ sv + γ sl – γ lv + ΔN < 0

surface freezing at T > T b: global minimum, at N = 1

only single monolayer (N = 1) implies Δ1 ≥ 0
to account for any enthalpic or entropic interactions of the two interfaces 
(ΔN 0 as N ∞ )



Surface freezing condition

γ sv + γ sl = γ lv – ΔT (ΔS + Sl ) = 26.93 (for C16)

ΔS : surface entropy reduction

Sl : liquid surface-excess entropy

by ref. Phys. Rev. E 55, 3164 (1997)

C36 single crystal

C16 liquid drop

same geometry with Ocko’s
(surface crystal/melt interface)

ref : W. A. Zisman, in Contact Angle, Wettability and adhesion, edited by F. M. Fowkes
(ACS, Washington, DC., 1994)

γ sv – γ sl = 19.2
for –CH3 terminated

γ sv = 23.07 & γ sl = 3.87

γ lv (Tm) ~28 for all relevant n

γ sv (Tm) < γ lv (Tm) : necessary condition for surface crystallization



Surface freezing condition

Obviously conflict !

γ sv (Tm) < γ lv (Tm) : necessary condition for surface crystallization

TR TR 

assumptions : γ sv > γ lv , γ sv ~ 35, and γ sl ~ 8
(based on a model where γ ∝ ρ 2)

γ s / γ l ≈ (σ s / σ l )22 2 max
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