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MODELLING LIPID MEMBRANES
BY DIBLOCK BILAYERS

I. Diblock Polymorphism
IT. Calculated Diblock Behavior (SCFT)
ITT. Addition of Homopolymer
IV. Rupture of a Bilayer
V. Pore Formation
i Equilibrium Phase of Pores
ii Formation of Pores by Fluctuations (Simula-
tion)

VI. Bilayer of Semiflexible Diblock: Main Transition
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Figure 2. TEM micrograph of a umple of pure diblesk oast
from toluene and annealed for 1 week at 115 *C. Polyisoprene
demains have been stained with 080, to provide contrast and
appear dark in the image. A well-ordered lamellar morphology
with a repeat period of approximately 210 A is clearly evident.
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Macromnlecules, Vol. 27, No. 23. 1994
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Figure 5. Trassmission electson

ofh ( A micrographs of (a) IS-42 in
phase A (annealed at 145 °C) afid (b) 1S-33 in phase C (annealed
at 145 °C), showing lashellar (LAM) and hezagonally packed
cylinder (HEX) structures, respciively.
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Figure 6. (A) Two-dimensional scattering image obtained from
a pure diblock film annealed for 4 h at 150 °C to establish the
new morphology, followed by quenching in liquid nitrogen and
subsequent annealing at 120 °C for 4 h to eliminate disorder
induced by quenching and increase the number of higher order
Fourier components in the monomer concentration profile (as
described in the text). Thisimage was obtained after integrating
for 8 h at 120 °C; comparison of diffraction before and after this
period revealed no change in the scattering from the sample. (B)
One-dimensional profile prepared from the two-dimensional

image. V'3, V4, V10, V11, V16, and V19 denots the position
ratios of the observed reflections; as discussed in the text, such
reflections are most consistent with a structure possessing /a3d

symmetry.
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Compiex Phase Behavior of PI-P3 Diblock Copolymers 6927

Pigure ¢. Representative TEM of 18-30 ia phase
B (annealed at 208 *C) showing (a) 3-fold and (b) 4-fold projections
of the bicontinuous Jald microstructure.

Féurm ET AL . MAcrsrocteviet ¥, CT3% Lmq)

_.[2.7_.




SINGLE DIBLOCK COPOLYMER IN EXTERNAL FIELDS

¢ 2

v (s)

Qlwa, wp] x /DrP[r(s)] exp — (fof dsw 4(r(s)) +/f

where for flexible chains

Plr(s)) = expl- 50— [ asfZP)

and for semi-flexible chains

where
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INTERACTING POLYMER PROBLEM

Density of A monomers

N n f

$a(r,{r(s)}) = No Y /0 ds6[r — ra(s)]
Density of B monomers

Sp(r,{r(s)}) =Nv ) _ L dsS[r — r4(s)]

Interaction

+x f U $ A(r) 8 5(r)

v

Mean-Field Free Energy per Polymer

2
Fom i 1 xN [wa —wp ]
— ad 1l —
T an[wA,wB]+V]dr( n [ N wB)

where
wp —wp = xN(dp — ¢a)

&ln Qwa,wpl

da=< Py >=-V

5'LUA
(;bB =< &)B > _Véln Q[wAs UJB]
dwpg
l=¢a+¢B
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Expand all functions of position in complete set
of eigenfunctions of Laplacian

which have the desired space-group symrmetry

wu(r) = ZwAifi(l‘)
wp(r) = Z wB; fi(r)

where

V2fi(r) = D2 fi(x)

Matsen and Schick, PRL72 2660 (1994).

_-.[5...




120 T T b ToarTr T i T L T v B i L] ¥

100 -

T

80

N 60

1 L] l L] T T

40

20

LI SR LS A B |

Figure 4, Matsen and Bates, Macromolecules (Review)
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FIG. 1. Phase diagram for blends of AB diblock and A
 homopolymer at YN = 11 and equal polymerization indexes

fa = 1Y wlatbard in tneme af tha hamnanalvmar valume frac-
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Figure 2. Transmission electron micrographs of an 0s0,-stained sample prepared from
symmetric SB diblock for an edge-on view that is parallel to the lamellas (a) and a view norr
to the layers (b). The shapes of punctured butadiene layers suggest a catenoidal shape for
the butadiene layers. Scale markers are 100 nm.
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FIG. 18. Sketch of large hvdrophobic and hydrophilic pores.
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MONTE CARLO SIMULATION
Bond Fluctuation Model (Carmesin and Kremer, Macromolecules
21, 2819 (1988).) |
Simple cubic lattice Lx Lx 2L, L=64 or 524,288 sites, lattice
constant u
A monomer is represented by a cube which blocks eight corner
sites
Adjacent monomers are connected via one of 108 bonds of
length raﬁging from 2u to v/10u
Chain lengths N,=N4,5=32
Kuhn length a=3.05u
Radius of gyration R, = 6.93u

Monomer volume fraction=0.5

xNV == 25

MARLUS MuscLER
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FIG. 1. Sketch of the simulation cell. Periodic boundary conditions are employed in the s and y direction,
while there ate impenetrable walls in z direction. The light shaded areas of the hard walls attract hydrophobic
segments, whereas the dark shaded favor hydrophilic ones. A bilayer forms around z = 64 in the zy-plane.
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FIG. 4. Composition profile across a bilayer at ¢ = 0.15 and Au = 4.5. The solid line show
of homopolymer, the dashed line corresponds to the head segment density of the amphiphile
line to the tail segment density .
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i. 19. Composition profiles across a bilayer at distances R = 0, ' 8, 16 from the center of the pore (from
- bottom) for three different pore sizes; r = 1.75 (N=1), rada.7(N=56,78),andrn70(N=151617)

left to right). The upper row shows sketchs of the pores infered from the detailed composition profiles. The
.Iger potes are hvdrophobic.
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What is the free energy/unit, vy, area of this bilayer?

Obtain it from the fluctuation spectrum

of bilayer position u(r)

H= %fda: dy (Vu)?

From equipartition

2
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FIG. 8. Low wavevector regime of the bilayer undulation spectrum at ¢ = 0.15 and &p =
.S Soub L corresponds to a tension of v = 0.030(5).

T < 2% =0.132
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What is the line tension of the pore?

Obtain it from the distribution of pore sizes, P(r)

In P(r)=-6f=—-2nrT' + nrly + constant

Define

n P(r)
A
(o
©
4
-+

p

-8 .
2 4 6 8
r

‘IG. 15. Probability distribution of pore sizes at various chemical potentials. In the accessible range of pore
15, no prefered pore size can be observed.
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G. 17. Simulation results for the effective edge tension [ for various chemical potentials. The edge tension
rgely independent of the chemical potential of the amphiphile and of the size of the pore.
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SUMMARY OF BILAYER PROPERTIES
Equate bilayer thickness to 30A
. 74 (oil/water tension) = 27 erg/cm? (c.f. 50 erg/cm?)
. v (membrane tension) = 12 erg/cm? (c.f. 1 erg/cm?)
. area per tail = 35A2 (good agreement)
. surface compressibility modulus = 83 erg/cm? (120 erg/cm? for
phosphatidylcholine)

. line tension I' = 1.7107% erg/cm (correct order of magnitude)
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Bilayers of Semi-Flexible Copolymer

Interactions

X ] drd 4(r)®p(r) — 7o f drS?(r)
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