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PREFACE

This volume comprises the proceedings of a NATO Advanced Study
Institute held in Geilo, Norway, between 4 - 14 April 1989. This
Institute was the tenth in a series held at Geilo on the subject of
phase transitions. It was the first to be concerned with the growing
area of soft condensed matter, which is neither ordinary solids nor
ordinary liquids, but somewhere in between.

The Institute brought together many lecturers, students and active
researchers in the field from a wide range of NATO and some non-NATO
countries, with financial support principally from the NATO Scientific
Affairs Division but also from Institutt for energiteknikk, the Nor-
wegian Research Council for Science and the Humanities (NAVF), The
Nordic Institute for Theoretical Atomic Physics (NORDITA), the Norwegian
Physical Society and VISTA, a reserach cooperation between the Norwegian
Academy of Science and Letters and Den norske stats oljeselskap a.s

(STATOIL).

The organizing committee would like to thank all these contributors
for their help in promoting an exciting and rewarding meeting, and in
doing so are confident that they echo the appreciation also of all the
participants.

Soft condensed matter is characterized by weak interactions between
polyatomic constituents, by important-thermal fluctuations effects, by
mechanical softness and by a rich range of behaviours. The main emphasis
at this Institute was on the fundamental collective physics, but prepar-
ation techniques and industrial applications were also considered.

The introductory lectures set the scene and introduced the nature of
the constitutent systems and their cooperative consequences and concep-
tual make-ups for the whole field, with later talks emphasizing sub-
fields in greater detail. The lectures were supplemented by research
seminars and poster sessions, all of which proved conductive of con-
siderable discussion and continuing exchange. These proceedings include
write-ups of the majority of the lectures and seminars and a selection
of the posters.

One important class of soft condensed matter comprises thermotropic
liquid crystals, which are composed of relatively small and simple mo-
lecular building blocks but produces a plethora of interesting phases
characterized by orientational and spatial order. These are the subject
of several articles.

Polymers are composed of larger molecules. Many aspects of their
phase transitions, association and gelation were discussed and reported
here, as also other physical properties.



Amphiphilic molecules are soap molecules with a polar head and an
alkyl tail, able to bind respectively to polar liquids and hydrocarbons.
Structures formed by amphiphilic molecules in contact with water are
two-dimensional films and membranes, which may further interact to form
lyotropic liquid crystals with a wide range of polymorphism and inter-
esting vibrational and defect properties, which were discussed, as also
were lipid mono- and bi-layers and Langmuir-Blodgett films. In water-oil
mixtures, surfactant amphiphilic molecules, binding to both constitu-
ents, lead to microemulsions and to micelles, of great interest to the
petroleum and food industry, as well as possessing fascinating proper-
ties to excite the physicist.

Many interesting aspects are associated with the static and dynamic
properties of liquid surfaces and interfaces and with the wetting of
solid surfaces.

Fractals have been a subject of considerable interest in recent
years and were the subject of the Institute in 1985. An ideal system to
study their statics and dynamics is that of areogels and this study was
a natural link between this Institute and the 1985 Institute. Other
aspects of fractals and growth were also reported.

As noted earlier, although the emphasis was on fundamental micro-
scopic physics, industrial applications were also discussed and illu-
strated: soft condensed matter is already a major part of our lifes and
its use is growing. An interesting application involving modern poly-
meric processing to illustrate fundamental features is the use of per-
fectly engineered polystyrene spheres and related shapes immersed in
water or ferrofluid to model microparticle interactions on a scale pro-
viding ready optical observations. In a sense this study (second lec-
ture) represents a sort of “periodic boundary conditions" on the Insti-
tute, but in fact the subject is growing in many conceptual dimensions,
as the discussions reported here amply demonstrate.

The subject of phase transitions in soft condensed matter is still
in its infancy, compared with more conventional condensed matter
physics, but it posseses a richness and a potential which are likely to
provide excitement and challenges for many years to come. We hope that
the papers presented in this volume will help germinate in others the
euphoria which is already rapidly growing in the participants of the
tenth Geilo Institute.

Finally, we would like to express our deep gratitude, and that of
ten generations of participants, to Gerd Jarrett of the Institutt for
energiteknikk, Kjeller, Norway who did all the practical organization
of all ten of the Geilo Institutes, including the preparation of their
proceedings, with incredible efficiency and smoothness. Without Gerd the
series would not have been the success it seems to have been.

Tormod Riste David Sherrington
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ADSORPTION OF RANDOM COPOLYMERS

Carlos Marques
E.N.S.L.
46, Alée d’Italie 69364 Lyon Cedex 07 France

Adsorption of polymers has a broad spectrum of industrial applications as a tool to
control the stabilization of colloidal suspensions[l]. The problem is to overcome the
aggregation tendency of solid particles, due to the their van der Waals attraction and
one idea is to sterically protect the colloid with polymers[2]. The steric protection
is usually achieved by adsorbing or grafting polymers onto the colloidal particle. If
the colloid is much bigger than the polymer one can model the colloidal particle by
a flat surface. Adsorption from a good solvent, which swells the chains, leads to a
fluffy layer with a thickness of order of Rg, the radius of gyration of the chain in
the solvent[3,41. Grafting the chains by one end at high densities actually forces the
chains in a highly stretched conformation and the layer size becomes proportional to
N, the polymerization index of the chains[5,6].

The adsorbed layer is well described by a self-similar picture[4] generated by a
geometrical constraint on the screening length £ of the semi-dilute solution near the
wall: the only distance in the problem being the the distance z from the wall one
must have £ = z which leads to a concentration profile

4
a\3
~ (= 1

9(2) ~ (z) @)
The grafted layer can also be viewed as a semi-dilute solution[5] but the correlation
length £ is now equal to the distance D between the anchoring points. If a blob of
size D has ¢ monomers, one chain has N/g blobs, the layer thickness is then

N
L==D=Nao? (2)
g

where o = (a/ D)2 is the density of anchoring points and a the size of a monomer.

In addition to homopolymers a large variety of other architectures can be used to
achieve colloidal stabilization. We investigate here the interfacial behavior of diblock
and random copolymers. Diblock copolymers adsorb[7,8] in a bi-layer structure which
depends on several physico-chemical parameters like the surface affinity, the solvent
quality or the mutual incompatibility of the blocks. We discuss next the adsorption
from a selective and a non-selective solvent.
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Figure 1. Variation of the chemical potential per as a function of the surface
density o

1. Selective solvent.[?} In this case the solvent is poor for one of the blocks and
good for the other. An isolated chain in the bulk would have thus a collapsed block
— let’s say of N4 monomers of type A Sthe anchor) — and a swollen block of Ng
monomers of type B (the buoy). The collapsed block sticks on the wall in order to
avoid contact with the solvent. It forms, in the limit of an infinite selectivity of the
solvent, a molten layer of A monomers. This layer anchors the swollen blocks that
point towards the solvent building-up a grafted layer.

Diblock copolymers are known to form mesophases[9,10] in selective solvents: mi-
celles, lamellae, worm-like micelles ... These aggregation effects are relevant for the
interfacial behavior of the copolymers: the bulk solution acts as a reservoir for the
adsorbed layer and imposes the chemical potential pey. To study the adsorbed layer
we write the surface grand canonical free energy of the layer as

Q:FA+FB—ﬂer+H81(LA+LB) (3)

where F4 and Fp are the contributions of the anchor A and of the buoy B layers,
L, and Lp their respective thicknesses and I, the sum of the external pressures
acting on the layer: osmotic, mechanical... The anchor free energy has three different
contributions measured in units of kgT :

3 L%o A

Fa=-S+3-47 4 2
AZ TSN, T

(4)

S is the spreading power that takes in account the various surface tensions[11]. The
second term on the right-hand side of equation (4) is the contribution of the stretching
energy of the chains in the molten layer[12]. The third term accounts for the direct
interactions between the wall-anchor and anchor-solvent interfaces[13], which we ap-
proach by a van der Waals energy. A is there the Hamacker constant which is positive
in this case: the interaction tends to pull the surfaces apart. In a melt there is no
confinement energy of the chains[14].

The buoy is in a grafted layer configuration and has a surface free energy[5]:

l:B = NBO'% (5)
Since the A blocks form a molten layer
Ly
= e— 6
Npa=— (6)

Lp is also a function of o given by Eq.(2) and the minimization of the grand canonical
potential leads to the equilibrium curve o = o(uez) scketched in figure 1. Different
regimes should be distinguished for the configuration of the adsorbed layer according
to the value of the chemical potential:
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(a) Rollin regime When the solution is very dilute the chemical potential is strongly
negative. At equilibrium the chemical potential term balances the van der Waals
energy

~1/3
Hez _ _Ns -1/9
Ly a(—NA> ; Lpg Ni/g Hez )

(b) van der Waals-Buoy regime In the concentration range where micelles form in the
bulk, the chemical potential is[7]

2 3
MHex =~ Nj’)’is (8)

For a small asymmetry (8 = &RB /R4) ~ 1) the chemical potential is positive and
drives the chain towards the layer. But the insertion of extra chains in the layer
increases the stretching energy. The balance between these two terms leads to the
equilibrium sizes

12 4
LA ~ a]\f;5 ﬂ—z ~ RA ’ Lg ~ RBN,ZS =~ Rmicelles (9)

(c) Buoy dominated regime If micelles are present in the bulk and the asymmetry of
the copolymer is large (8 > 1) the anchoring layer has a thickness smaller than the
radius of the chains in the melt and the chains in the buoy are almost extended:

6 2L 12
Ly~ aNﬁsﬂ_% <K Ry ) Lg ~ NIZ;BNA %> Rpicelles (10)

2. Non-selective solvent.[8] In this case the solvent is good for both blocks
and one of the blocks adsorbs preferentially on the surface, the other one is strongly
repelled by the surface. The layer can be modelled by a self-similar continuous layer
anchoring an external grafted layer. As above we define an asymmetry ratio f =
(Rp/R4). The free energy has the same form as in the previous case — Eq.(3) — but
the contribution from the anchor has a functional dependence on the concentration
profile ¢ 4(z). Thus one needs to minimize the grand canonical potential with respect
to ¢4(z) and o, obeying the internal constraint of connection of blocks A and B

1 {oo]
o= /0 dz $4(2) (10)

The profile of the A monomers is given by Eq.(1) but it extends only over a distance

1
L 4 smaller than R which depends on 3. For asymmetry ratios smaller than N7 the
characteristics of the layer are

1
1 N? _1
o=— LA~7A—a; LBNNBNA3 (11)

For larger asymmetries the thickness of the adsorbed layer becomes of order of a
monomer size and the surface density is § dependent

o~ p2 (12)
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Figure 2. Blob picture for a random chain adsorbed from a dilute solution. Near
the wall the chains are stretched. On the outer side the chains build a self-similar
layer.

When the asymmetry is very large (3 > Ni/ 4) the anchor breaks into small individual
pancakes but the chains in the buoy remain in a brush configuration.

3. Random copolymers.[15] The copolymer considered in this paragraph is
built up from a long repulsive chain of monomers where a fraction f of stickers A
has been introduced randomly. Random copolymers often adsorb in an intermediate
configuration between the grafted layer made by block copolymers and the adsorbed
layer of homopolymers.

We first study the adsorption of an isolated chain : for an idealized (gaussian)
isolated chain the adsorption profile extends much further in the solvent than the
equivalent adsorbing chain of A monomers. The diagrammatic expansion of a per-
turbation serie can be resummed to study in detail the behavior of the chain. More
qualitatively it is possible to give a simple Flory argument balancing the loss of entropy
due to confinement with the adsorption energy gained by contact with the surface. In
the case of a penetrable interface this reads

F

T

= —755 M+ (-2—)2 M (13)

chain

where P is the average number of monomers B between two adjacent stickers A. In
the first term, on the right hand side, ¢ = a/D is the fraction of monomers in contact
with the surface, a fraction 1/P of those (the monomers A) being able to gain an
energy —6. The second term is the loss of entropy of a gaussian chain of M monomers
confined in a size D. Minimizing this energy with respect to D leads to

D~ % (14)

The adsorbed random copolymer thus has loops extending f ~1 times further in the
solvent than a simple homopolymer. For a solid wall there is a depletion layer close
to the wall, decreasing the number of B monomers in contact with the interface by
an additional P factor. This leads to a confinement length

2
D~% (14)

with loops extending even further in the solvent.
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In the more realistic case where the chains are adsorbed from a solution of finite
concentration we propose a blob model — figure 2 — to describe the layer. If the

density of attached stickers is higher then P~% the chains in the vicinity of the surface
are stretched over a distance of order Pa. For larger distances the layer crosses over
smoothly from a grafted to an adsorbed configuration. The outer part of the layer
has thus a self-similar profile.
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INDEX

Advancing angle, 226

Aerogel, 335

Aggregation, 23

Amphiphilic molecules, 3, 95,
Anchoring, 71, 305

Antonov rule, 221

13

Bending rigidity, 249
Bicontinuous cubic, 97, 103
Bicritical, 55
Birefringence, 91

Bjerrum length, 4

Block copolymer, 2, 311
Boltzmann-Poisson approximation, 11
Bond number, 141
Bond-orientations, 53, 87
Boussinesq theory, 143
Bragg rod, 122

Buoy regime, 306

Capillary
force, 221
length, 140
number, 223
pressure, 239
wave, 114, 139
Chain formation, 33
Chirality, 91

Colloid, 6, 165, 305, 379
Colloidal crystal, 151, 165,
272, 3717

Condensation, 23
Conducting polymer, 377
Conformal transformation, 47
Conformon, 13
Connectivity, 321, 332, 335
Contact angle, 161, 221,224, 279
Contact line, 222
Copolymer, 97, 305, 311
Correlations, 54, 163, 351
bond-orientational, 54
height, 163
layer, 257
length, 55, 351

positional, 54
Cosurfactant, 252, 266
Coulombic fluid, 15
Counterion, 15, 28
Cross-linking, 319
Crossover, 53, 265, 267
Crumpling, 251, 272

Darcy law, 225

Debye-Huckel approximation, 16

Debye screening, 256

Demixing transition, 298

Deryagin approximation, 162

Diblock polymer, 298, 305, 311

Disclination, 47, 103

Disjoining pressure, 11, 163,
222, 239

Dislocation unbinding, 54

Edge defect, 180

Ellipsometry, 161, 217

Euler's constant, 257
Euler-Lagrange equation, 162, 257
Evanescent wave, 117

Excluded volume, 12

Ferrofluid, 6, 23

Fiber, 358

Fingering instability, 233, 245
Flory-Huggins free energy
Fractal, 26, 289, 322, 332. 335
Fracton, 335

Fracturing, 25

Frank constant, 60
Freely-suspended film, 56, 264
Fresnel reflectivity, 116
Fresnel's law, 114

Frustration, 95

Gauss-Bonnet theorem, 181, 254
Gaussian curvature, 107, 254
Gel, 284, 353

Gel fiber, 371

Gelation, 319, 331

Gibbs' phase rule, 105
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Goldstone mode, 89
Gravity, 45

Gravity's rainbow, 45
Grazing incidence, 113°
Growth, 289, 339
Guinier regime, 332

Halperin-Nelson theory, 54

Hamaker constant, 7, 163, 223,
255, 273
Handle, 179, 186

Healing length, 162

Height fluctuations, 254
Hele-Shaw cell, 230

Helfrich force, see undulation force
Helfrich mechanism, 261
Heterophase fluctuation, 107
Hexagonal liquid crystal, 53, 258
Hexatic liquid crystal, 87
Hydration force, 250

Hydrophilic, 249

Hydrophobic, 249

Hyperscaling, 321

Incommensurate phase, 251
Information dimension, 340
Interface, 6, 71, 114, 123, 139,
142, 145, 217, 240, 246
air-liquid, 142, 145. 217, 246
crystal-nematic, 71
liquid-vapour, 123
liquid-liquid, 139,
water-oil, 240, 252
Interfacial
curvature,
enerqgy, 14
tension, 221
velocity, 229
Invasion percolation, 340
Inverted membrane, 259
Ising model, 203, 211, 226

161

100

Kagome lattice, 74
Kawasaki dynamics, 204
Kirkwood-Alder transition,
Kosterlitz-Thouless, 58

166, 167

Labyrinth, 97
Lamellar phase, 3, 97, 186, 249, 258
Landau-Peierls effect, 251, 257
Landau-de Gennes theory, 91, 255
Langmuir number, 141
Langmuir pressure, 253
Langmuir-Blodgett film, 6, 133, 145
Lennard-Jones potential, 8
Light-scattering, 336
Limit cycle, 142
Lipid, 106, 145, 250, 264, 283,

292
Liquid crystals, 2, 49, 147, 249,
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251, 257, 271, 283, 353
blue phase, 51, 91
cholesteric, 49, 91
lyotropic, 49, 95, 249, 271
nematic, 49, 99, 165
polymeric, 49, 353
smectic, 49, 54, 87, 165, 251,
257
supra molecular
thermotropic, 49
Liquid-concentrated, 149, 217
Liquid-extended, 147
Lubrication approximation, 230
Lucassen vave, 142

Magnetic spheres, 45
Magnetic hole, 7, 34
Manning condensation
Marangoni effect, 139,
Mass-transport, 343
Melting, 23. 53, 157, 166, 283
Membrane, 249, 271, 283, 293
Metastability, 108
Metropolis criterium, 204
Micelle, 3, 271, 299
Microemulsion, 3, 13, 179,
203, 211, 271
Microphase separation, 311
Middle phase, 188
Monodisperse (monosized) particles,
24
Multicriticality, 53

141, 245

195,

Network, 11, 315

Neutron scattering, 67, 196, 293, 332

Order
bond-orientational, 53, 250
positional,89, 250
molecular tilt, 251

Pancake, 222

Paraffinic chain, 96

Persistence length, 11, 181, 250
Phase transition, see transition
Poisson-Boltzmann equation, 16, 256
Polyamide, 353

Polyester, 353

Polymer, 10, 297, 353

Porous network, 237

Potts model, 55

Precursor film, 163, 226
Propagative mode, 87

Protein, 250

Raman scattering, 336
Receding angle, 226
Rectangular phase, 98, 258
Rigid membrane, 263
Rippled phase, 263

Rollin regime, 307



Rouse motion, 327

Saffman-Taylor instability, 248
Schmidt number, 141
Schulman-Montague condition, 253
Schulz function, 312

Scriven and Sterling waves, 142
Seam defect, 180

Second sound, 89

Seniority, 326

Snell's law, 114

Sol-gel transition, 331
Spectral dimension, 335
Specular reflection, 113

Sponge state, 186

Steric hindrance, 12

Stretched exponential, 334, 347
Surface tension, 125

Surfactant, 13, 139, 179, 195, 211,

245, 249, 363, 377
Synchrotron X-ray, 249

Tanner law, 224

Tensile strength, 353

Tethered surface, 191

Tetracritical, 55

Thermal roughness, 123

Theta solvent, 297

Tiling, 103

Tilted molecules, 134

Topological changes, 109

Topological defects, 60

Transition, 52, 53, 61, 71
anchoring, 71
defect-mediated, 52
hexatic-liquid, 61
hexatic-solid, 61
insulator-conductor, 203
liquid condensed-extended, 147
sphere-to-rod, 195

Transverse sound, 89

Triblock polymers, 311

Two-dimensional crystal, 45, 53,

Ultrasound, 88
Unbinding transition, 274

Undulation force, 15, 25, 251, 271

Van der Waals force, 7, 8, 28, 250

Van der Waals liquid, 8, 223
Virial coefficient, 9
Viscosity, 139

Viscous finger, 339

Volterra process, 103

Vogel law, 347

Vortex, 23

Vulcanization, 319

Wettability, 237
Wetting, 161, 221, 245

X,y-model, 55
X-ray scattering, 113

Young-Depré equation, 221
Young-Laplace equation, 239

Zimm model, 324
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