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AGENDA

Introduction/Disambiguation

Membranes by surfactant self-assembly

Polymeric membranes

’ﬁ Summary
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Introduction

= Main discrimination possible between:
= Natural (biological) vs. Artificial (man-made) membranes

Peatuss Rrviems | Mecritesionn

- Further discrimination on the basis of transport properties, material
properties (surfactants, polymers, etc.), pore sizes, etc.

F Unifiying concept: Separation of compartments!
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o. Membranes by surfactant self-assembly

Reminder:

Amphiphilic molecules
- Self-assembly in aqueous solution

Different morphologies:
# spherical micelles (a)
# worm-like micelles (e)
# vesicles (d)
# bilayers (c)

Driving force: hydrophobic effect :
- exclusion of hydrophobic part from ¢ f
water to minimize water contact

Figure 2 Common lamellar and nonlamellar self-assembled structures of
lipids: (@) micelle, {#) inverse micelle, (¢) lamellar bilayer, (d) bilayer
vesicle, (¢) hexagonal, {7) inverse hexagonal.
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packing parameter

Membranes by surfactant self-assembly

form of an aggregate is determined by the surfactant geometry

universal validity:
low molecular weight surfactants = amphiphilic block copolymers

Other factors:

# polarity

# chain: length,
branching, flexibility

# charge

# concentration

# temperature

-

Geometical Contribution

v = volume of molecnle, a = area of polar head group, | = length of HC chain
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= membrane lipids are the building blocks of natural bilayer systems

Figure 6.2
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o. Bilayer membranes

= approaches to achieve P = v/(I*ay) = 1

small headgroup and/or bulky apolar tails
= Two alkyl chains instead of one

NN TN TN
/\/\/\/\/\/ AN
vs.

/\/\/\/\/\/\ﬁ/ Br
/N

= smaller headgroups (size reduction in case of nonionic surfactants, introduction of
cosurfactants with very small headgroups (e.g. addition of alkanols like decanol)

MOW C,,E, forms lamellae at room temperature

C,,E5 forms lamellae at 50°C
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o. Bilayer formation vs. Micelle formation

‘TABLE 6.3 Comparison Between Properties of Micellar and Bilayer Aggregates

Property Micelles Bilayers
Monomer solubility ~107*M 1075-1071°M
1 for monomer exchange 107%*-10"%s 10*-107%s
« for aggregate lifetime 1071-107%s days to years
Characteristic temperature Krafft temperature Chain-melting temperature
Structural directionality All directions equivalent Lateral diffusion rapid,
i flip-flop slow
Aggregation pattern Forms well-defined Basic structural unit appears
. aggregate at well-defined in a variety of global
CMC structures

= Micelles will not grow in size but in number upon surfactant addition
= |dealistic: No molecular limit for bilayer growth in lateral direction
- but line tension will force defects or closure: vesicles!

vesicles

closure

Planar bilayer:
problem: # edges in contact with water
- increase of line energy (Egg) — Surface tension along the circular rim

Vesicular structure:
problem: # bending of the bilayer
- deformation of amphiphiles (E,.q)




vesicles

SUV (small unilamellar vesicle): ~ 20 nm
LUV (large unilamellar vesicle): ~ 100 nm

GUV (giant unilamellar vesicle): ~ 1-100 um

Multi-lamellar vesicle

Sizes, type and polydispersity depend also on preparation!

o. Inner Structure of Bilayer Systems
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o. Characterization of bilayer systems

= Complete characterisation requires use of multiple techniques:
= X-ray or Neutron diffraction (lamellae size, repeat unit, ...)

= Microscopy (vesicle size, morphology)

® Light Scattering methods (vesicle size, shape)

® Nuclear Magnetic Resonance spectroscopy (molecular level structure)
= Calorimetry (phase transitions, enthalpies, etc.)

= ..many more techniques are available

Diffraction

A
. /,;\"\
N AN
A
" Al
M\\ '
n “
o
£
Fij 65 £ £ ¥ 1 ABC = 2d-sin g
Bragg reflection in a cubic [, - i
MaCl crystal, Constructive
interference occurs when 2 - 4
the dl.sm:oa Is the )
ABC = 2d sin # equals 1
wavelength of the &- & 1=
radiation. €l Na

K. Fantall, A.‘:.:I'u;. 3 Tha Hazanciie System

Pussy, Colloid Polym. Sci.
2w, 727 (1991)) .
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Calorimetry

Tue Jovsxar oF Brotocican CHEMISTRY
Vol. 247, No. 19, Tssue of October 10, pp. 6071-6075, 1072
Printed in U.5.4.
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o

o

TEMPERATURE ,*C

Fia. 1. The variation with temperature of the excess specific  mental data recorded digitally at 1-min intervals. The evaluation
heat (Curve A, right hand ordinates) and the excess enthalpy (Curve  of the heat changes Aq, and 4q; is deseribed in the text.  The slope
B, left hand ordinates) during the gel to liquid erystal transition of  of the line after the upper transition corresponds o an apparent
dipalmitoy] L-a-lecithin in agueous suspension at a lipid concen-  heat capacity increase, relative to the sitnation below the lower
tration of 3.88 mg per ml, The points on Curve B are the experi-  trapsition, of 13 cal deg™" per mole of lipid.

microscopy

Optical microscopy
(typically:digital video enhanced microspcopy (VEM)

Transmission Electron Microscopy (TEM)
Cryo-TEM - rapid freezing of the sample (solution),

TEM image of
negatively stained vesicles

Wolfgang Meier, Basel
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Pipette aspiration

5% [l vesicles are captured by a micropipette
® Transfer in other media is possible
® Pressure manipulation by applied suction
pressure

- Access to physical properties of bilayer
membranes (rigidity, interactions, thermal
transitions, ...)

advantage: projection length ~ change in total area
(vesicle volume = constant at the applied pressures)
small area changes are amplified and easily detectable

J. Phys. Chem. 1987, 91, 4219-4228

Physical Proper of Bllayer Thermal Elasticity,
Rigidity, Cohesion, and Colloidal Interactions

Evan Evam®

Paibalogy and Physics. University of Brivich Calumbls, Vamcower, 8.0, Canada VT (W3
Figure 1L Video micrographs of giant bilayer vesiche spirataon (vesicle
diameter ~ 20 3 10 cm; pipet diameter ~ 6 X 104 cm). {a) Vesicls aad Dankd Hodams
without refractile soleies in distilled water. (k) Vesicle with 0.1 M Mechanical Enginnering snd Maserial Science, Dabe Univerriy, frurkam, Norrh Corgling 27708
sucrose inside and 0.1 M NaCl ostaide. [Received: Fabewary 2. 1987)

Pipette aspiration
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Light Scattering

Measurement of radius of gyration R, (static light scattering) and
hydrodynamic radius R,, (dynamic light scattering) gives p-parameter:

p=Ry/Ry,

for coils: p=1.73
for vesicles: p=1.0
for spheres (e.g micelles): p=0.775

Example (Helmut Schlaad, MPIKG)

Gle
¢ et — Lo H0ts :
¢ w pe .Jt/\d ’ Wiygrophiic ~ Rho /MM Ry /nm !g g

ojs OH Girm
oo M faas 076 550420 520+20
el 058  270+40  280+30

DLS/SLS

ydrophisc 0.025-0.1 wt % polymer in water

o. Basic functions of lipid membranes

= Barrier for passive diffusional motion of solutes (e.g. ions, sugar,
protein, polysaccharides, nucleic acids, ...

= Unique solvation environment for membrane proteins
= Internal organization of cells (compartmentalization)

Cell Membrane

)
Phosphalipids e /

Human cell formed by

10



o. diffusional processes

Diffusional processes are always operable in living cells

Characterized by:

= flux (J)

= permeablity (P)

= concentration gradient (Ac)

= Diffusion coefficient (D) E

= Partition coefficient (K) |
(describes partition od solute
between bulk in membrane interior)

®* Membrane thickness (d)

Figure 6.28
The st

BulkC, Membrane Bulk

C,(Z;+ §)—

\

J = -P*Ac = -D*(dc/dz)
(Ficks 1st law) = =

P = D*K/d
For ions: additional electrostatic effects!

D du ) o o
J (Z) = ——C(Z) —— use of electrochemical potential yields correct description!
RT dz

o. Diffusional processes

Experimental approach to investigate diffusion/transport:

fiayar
Lipia Mambinne

typical values for permeabilities of small solutes:

= P(water) — 5-100 x 106 m/s
= P(polar solutes, e.g. glucose, urea, glycerol) — 5-300 x 10-1° m/s
= P(small ions, e.g. Na+, K+, Cl-) — 1-100 x 1014 m/s

7/12/2012
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Multilayer systems

Figure 6.27
Diffusion in a lamellar
Ha0 liquid crystal. In the
parallel direction, solutes
can diffuse without passing
the interface, while in the
perpendicular direction,
a diffusional process
involves repeated
transition between regions
1 and 2.

d J

2 1

hindered
Transport
(b1)

easy transport in parallel direction (D)

o. Membrane proteins

typical membranes consist of 25-75 wt.% lipids, other species are:
proteins, glycoproteins, lipoproteins, sugars...

proteins can be incorporated in a number of ways:

Figure 6.28
llustrations of different
mades of protein-lipid
@ bilayer interactions: (a]
Integral membrane
E%R% R %R spanning protein; (b)
protein hinding to one side
t@ﬁk pyaes) 33 4 B8 stho bilayer through o
ﬁ,& hydrophobic patch: (c]
333 B c D E mainly hydrophilic protein
gg attaching hydrophobically
A through 4 covalently bound
alkyl chain; {d) mainly
hydrophilic protein with a
hydrophobic pocket that
:t o lipld chain;
wd (e) hydrophilic protein
hinding electrostatically.

BILAYER SY&

Attention: proteins are inserted with a prescribed orientation!
cell membranes are assymetric, i.e. the surface of both sides are different
(outer surface is often covered by sugars)

7/12/2012
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Pathway | for ion
transport trough a membrane
(carrier transport)

Pathway Il for ion
transport trough a membrane
(channel transport)

larger substances are transported - i L
by endo/exocytosis

compartmentalization

Generally:

Compartmentalization is required
to provide the different unique
enviroments for various processes

Typically: folding of membranes
increases area/volume ratio

7/12/2012
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From Liposomes to Polymersomes

o. From Liposomes to Polymersomes

Universal validity of packing parameter:

low molecular weight surfactants = amphiphilic block copolymers

Advantage of high molecular weight surfactants (amphiphilic block copolymers)
* low CMC (critical micelle concentration)

(e.g. CMC LMW surf.: 106 -107 M; CMC polymer: 10-° M)
« adjustable hydrophobic-hydrophilic ratio (block length, segregation, solubility)

« adjustable rigidity (Gaussian coil - rigid rod) MW dictates agaregate di

« introduction of functions PRIEE
« adjustable biodegradability, biocompatibility e

=> less dynamic structures

7/12/2012
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polymersomes

# Eisenberg 1995: PS,,,-block-poly acrylic acidg (water)

# Nolte 1998: Stiffer hydrophobic block
poly(ethylene oxide)-block-poly(methylphenylsilane)

B

polymersomes

Responsive Systems
pH-degradable Systems (H. Schlaad, MPIKG)

pB,¢-block-pMA,, > p-4MedVP;;-block-pS,

Asymmetric
membrane

In THF: PS outside, PB inside
Inverse structure in hexane/THF

7/12/2012
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non self-assembled membranes

o. Other polymeric membranes

A variety of artificial membranes were developed for various
separation/transport tasks
pore diameter 0.1nm

1inm 10nm 0.1pm 1um

pt— dense

FEVErSe OSMOSIS —geeg——— ultra filtration ———————ptg— micro fltration
membrane

scparation process dialysis, sloctro dialysis ———————————pm

PO SCPOrAION i
-— protein WIS e
ion
penotrant size small molecule —s

7/12/2012
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o. Proton Conduction Membranes

" Proton exchange membrane fuel cells (PEMFC):

PEM FUEL CELL

Electrical Current

Excess e €| water and
Fuel Heat Out

(-5 =
o e |4
tw L2
wsl | |
H* <'F='02

Fuel In AirIn

Anodé Cathode
Electrolyte

key part: the membrane!
good proton transport required! low crossover of fuel, etc...

- microstructure has huge influence on performance

o. Proton Conduction Membranes

= Typically used: ionomer membranes (hydrophobic backbones with
ionic side groups — strong polyelectrolytes which undergo
microphase separation upon hydration — water channels!)

NAFION sulfonated polyetherketone (PEEKK)

SAXS gives information about e oncecrssc o
microstructure: ¢

CF,

1 SE—

characteristic separation length
NAFION 117
04| (water volume fraction 0.40)
. intemal interface
£
E e
= PEEKK 65% sulfonated - const.
001 (water volume fraction 0.41) A
A
oc
+
'y
) ¥ + wide channels + narrow channels
0.001 : 0 + mora separated « loss separated
. + less branched « highly branched
qfnm = good connectivity « dead-end channels.
+ small 80y /805 «large 80, / 805
Jownal of Membrane Science 185 (2001) 29-39 separation ‘separation
* pK,~-6 o oK, =1

7/12/2012
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gas separation membranes

Air

gas separation membranes

™ " Microporous polymers (pore sizes ~0.7 nm)
) 1Y cn have high permeabilities but low selectivity

= tuning of selectivity by polymer
marolysis ~ modification (e.g. hydrolysis of side groups)

COﬁH
e} _/j

ccoH. N
polymers carbon elemental analyses P (Barrer)* o

0. N: He Hy €0,  OJN; COJN;  HeN, HyN;

PIM-1 1790 727 1368 3580 8310 25 1 1.9 49
120°C.1h 74.29 534 162 616 1540 2543 33 16 iR 9.5

> 7310 351 100 454 152 2060 s 21 49 12

7167 201 48 260 630 1056 4.2 n 54 13

120°C_ 5 h 70.30 1o 4 153 408 620 46 26 6.3 17
“ Permeability coefficients measured at 25 °C and 50 psig feed pressure. One Barrer = 107" [em(STP).cm ]/fem® . s.cmHg). ® Ideal sclectivity a =

(P Py

Macromolecules 2009, 42, 6038-6043
DOL: 10.1021/ma%009017

7/12/2012
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= .The Colloidal Domain“, by Evans and Wennerstrém

= and references therein
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