Physics of membranes Il

Membranes in materials and in biology
Molecular interactions
Curvature energy
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Amphiphiles and membranes
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http://138.192.68.68/bio/Courses/biochem2/Membranes/Membranes.htmi




Microemulsions

 Dispersion of oll in water or water in oll
- amphiphile at interface
- domain size >> molecular

e Used in cleaning, drug delivery

amphiphilic film




Microemulsion Network

Strey group
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Vesicles

vesicle fluctuations
bilayer vesicle (mpi-golm)

 Cells: lysosomes

- digestion
- transport &
e Smart nanocapsules 58




Red blood cell

Anion
channal

Pratein 4.1

http://www.humanillnesses.com/original/Se
-Sy/Sickle-cell-Anemia.html

http://138.192.68.68/bio/Courses/biochem2/Membranes/Membranes.htmi




Curvature

Two orthogonal directions in which curvature
of surface measured:

Mean curvature:

Gaussian curvature:

Can show: these are invariants




Simple spring model |

f should be extensive
with spring length

o 0 [ ) 1 2 7.7 Prove: find film volume for
vy = Lot (1 +(H + ;?,'E K ) sphere and for cylinder
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Simple spring model Il

« Bending modulus ~ power law (3" power) of molecule length
e Spontaneous curvature ~ competition of packing area of heads and of tails




Curvature energy of self
assembling monolayers

Molecules constrained to interface
Internal degree of freedom: area/molecule
Area changes: large energies — adjust
Impose curvature

fE H . K)= fo(X)+ fi(X)H + fL,(X)H* + L(D)K

F2 HK) = fo(X0) + 2 £/ (Z0) (X — Xo)* + f1(Zo)H

+f1(Z0) (X — Zo0)H + fa(Zo)H? + fo(Zo)K




“Zero tension” membranes

Minimize to find optimal area
Free energy at optimum: curvature energy




Curvature free energy
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Chains vs. Heads

Both are entropic contributions to bending “energy”
e statistical subsystems

Chain contributions to bending ~ kgT NP
Polar head electrostatic contribution ~ kT
Chains usually dominate bending modulus

Polarity can control spontaneous curvature
« Charge dependence
» Salt dependence
 Delicate balance of head/chain packings




Fluctuating membrane

http://www.berkeley.edu/news/media/releases/2002/10/24 laser.html

http://www.rgi.tut.fi/ijoem/volume6/number2/003.htm
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