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Introduction

Alanin rich α-helical protein of
the winter flounder (HPLC6)

possible adsorption planes for AFPs
(type 1)

Most energetically stable binding
conformation of AFP
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Mechanisms

Colligative phenomena Adsorption inhibition

Freezing point depression Gibbs-Thomson (Kelvin) model

∆T = T0 − T =
kBT

2
0

∆H0
xb ∆T = T0 − T = 2ΩγT0

ρmin∆H0

proportional to the concentration of
the solvent species xb

proportional to the interfacial energy γ
and inversely proportional to the radius
of the sphere ρmin

Phase field equations
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Cahn-Hilliard-type equations
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u = structural order parameter for water/ice
v = field for AFPs
1
2a2v

2 = diffusion potential
λ1 = free energy density scale
β deviation from equilibrium = desalinization rate
c = coefficient of the nonlocal square gradient term

Summary

•Dynamical mechanism found which inhibits the growth of ice
crystals

•Decisive role of interface energy, AFPs enlarge the interface region

•Description with the help of coupled nonlinear phase field equa-
tions where the order parameter is coupled to the concentration
of AFPs

Dimensionless equations
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Free energy density (static case)
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Transition into the principal axis: left a = 0 (outside), right a = 1
2 (into the

prinicipal axis)

free energy density φ(ψ) for pure ice/water (upper line, α1
α2

= 0), for

ice/water/AFPs (lower line, α1
α2

= 1
20), for higher AFP concentration (dotted line,

α1
α2

= 1
12, limit case, the double well vanishes)

Linear stability analysis

µ = −1
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µ(z)=eigenvalue with AFP , µ∗(z)=eigenvalue without AFPs

z = κ2= quadratic wavenumber, a = 1
2

Spinodal representations
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Time Evolution

ψ for pure water/ice (straight lines), ψ
with AFPs (dashed lines) with α1 = 1,
α2 = 20

ψ (dashed lines), ρ (straight lines)
with α1 = 1, α2 = 20

Interfacial energy
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Interfacial energy density
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• high AFP activity decreases interfacial energy and inhibit interface formation

Determination of sizes

Experimental data: λ = 2.79 · 108 J
m, γ = 21.9 mJ

m2 with a1 = 12λ
√
α1 and
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Interfacial energy
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Critcal wavenumber
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Numercal solution: zmax = 0.016666 for α1 = 1, α2 = 20

Structure size:
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• AFP activity leads to an enlargement of the interface

• The interface correspond to the distance between two threonine residues

Hysteresis
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Further activities

• Computation of the thermal hysteresis
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