
Introductory notes for the lecture course
“Structure Formation in Soft Matter Systems”
Lecturer: Uwe Thiele (u.thiele@uni-muenster.de, http://www.uwethiele.de)

Office hour: just drop in, or send an email to agree on time;

Office: ITP 315;

Phone: +49 (0)251 83 34939

webpage: http://pauli.uni-muenster.de/tp/menu/studium/archiv/strukturbildung-in-systemen-

weicher-materie-ss15.html

Problem Classes: Lukas Ophaus (lukas.ophaus@uni-muenster.de), Office ITP 408

Preface

A. Admin

• 22 double hour units, split into lectures, problem classes and computer sessions

• Lectures/Problem classes are Monday/Wednesday 16:00-18:00 in SR 404 (TP)

• Computer sessions in room 414 (TP)

• 12 Lectures: tentative dates 15.4., 20.4., 27.4., 4.5., 11.5., 18.5., 1.6., 8.6., 15.6., (16.6.

CeNoS Colloqu), 22.6., 29.6., 6.7. [bold: international guest speaker Prof. Pismen,

Haifa],

• 5 Problem Classes: 29.4., 13.5., 3.6., 17.6., 1.7. Modus: students declare what they could

do at board, tutor selects student who shows at board

• 3 Computer sessions: evening sessions of about 3 hours length What about Tuesday

evening 18:00-21:00: 12.5., 9.6., 7.7. (could be shifted to either Monday or Wednesday

of resp. week.

B. Literature

• R. A. L. Jones, Soft Condensed Matter, Oxford University Press, Oxford (2002).

• M. Doi, Soft Matter Physics, Oxford University Press (2013).
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• S. A. Safran, Statistical thermodynamics of surfaces, interfaces and membranes, Westview

Press (2003).

• M. Kleman and O. D. Lavrentovich, Soft Matter Physics: An Introduction, Springer (2003).

• J. N. Israelachvili, Intermolecular and Surface Forces, Academic Press (2010).

• de Gennes, Pierre-Gilles, Soft Matter, Nobel Lecture, December 9, 1991.

I. INTRODUCTION

A. What is soft matter - some definitions

• “Soft matter is a subfield of condensed matter comprising a variety of physical states that

are easily deformed by thermal stresses or thermal fluctuations.” and “predominant physi-

cal behaviors occur at an energy scale comparable with room temperature thermal energy”

[https://en.wikipedia.org/wiki/Soft matter, last accessed 6.4.2015]

• “differ from the hard by the unique combination of time, energy, and length

scales they adopt” and “interactions in soft matters are between ”meso-

scopic” supramolecular entities, with unit size on the order of 1 to 1000 nm”

[http://parikh.ucdavis.edu/pages/about/softcondensedmatter.htm, last accessed 6.4.2015]

• “In a few words, soft matter is: Things that dont hurt your hand when

you hit them; Synonymous with ’complex fluids’; Examples: hair gel, mayon-

naise, shaving cream, colloidal crystals, polymer solutions and blends” [http://soft-

matter.seas.harvard.edu/index.php/What is soft matter, last accessed 6.4.2015]

• “What do we mean by soft matter? Americans prefer to call it ’complex fluids’. This is a

rather ugly name, which tends to discourage the young students. But it does indeed bring

in two of the major features: I) Complexity [. . . ] and Flexibility” [de Gennes, Nobel prize

lecture 1991]

• “soft matter material is one that external forces, like

gravity or pressure, can deform at room temperature”

[http://www3.imperial.ac.uk/newsandeventspggrp/imperialcollege/newssummary/news 11-

4-2013-11-22-46, last accessed 6.4.2015]
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• “Soft Matter is the science of squishy materials such as as polymers, liquid crystals, col-

loids, foams, gels, and a wide variety of self-organizing materials.” and “Or on a more

technical note, it is the study of materials with length scales which are much larger than

molecules, so their physical properties are dominated by thermal fluctuations and eas-

ily deformed by applied external stresses.” [http://www.bris.ac.uk/chemistry/people/paul-

bartlett/research.html, last accessed 6.4.2015]

B. What is soft matter - further properties

• “self-organizes into mesoscopic physical structures that are much larger than the micro-

scopic scale (the arrangement of atoms and molecules), and yet are much smaller than

the macroscopic (overall) scale of the material.” [https://en.wikipedia.org/wiki/Soft matter,

6.4.2015]

• “large number of internal degrees of freedom, weak interactions between structural ele-

ments, and a delicate balance between entropic and enthalpic contributions to the free en-

ergy” [https://en.wikipedia.org/wiki/Soft matter, 6.4.2015]

• sensitivity of equilibrium structures to external conditions, macroscopic softness, and

metastable states

• examples of symmetry breaking, generalized elasticity, and many fluctuating degrees of

freedom

• intermediate states between order and disorder.

• “time scales of dynamics of soft matters are essentially comparable to thermal diffusion” and

is about 1s [http://parikh.ucdavis.edu/pages/about/softcondensedmatter.htm, last accessed

6.4.2015]

• Structural phases (surfactants, lipids, diblock-copolymers)

• Surfaces and Interfaces: surface/interface tension, wetting, capillarity, interfacial instabili-

ties

• nonlinear material properties, glas transition, critical phenomena, scaling laws
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• “easily deformed by external stresses, electric or magnetic fields, or by thermal fluctuations”

[http://soft-matter.seas.harvard.edu/index.php/What is soft matter, last accessed 6.4.2015]

• liquid-amorphous solid-crystalline solid-semi crystalline solid transitions

• (i) Approach to Equilibrium, (ii) out of equilibrium (external driving), (iii) out of equilib-

rium (internal driving); border between (ii) and (iii)?

C. What is soft matter - examples

• Active media, aggregates, biological materials, colloids, complex liquids, foams, gels, gran-

ular materials, liquid crystals, lipids, membranes, living fluids, nanoparticle suspensions,

microemulsions, polymers, polymer blends, (simple liquids), solutions, structured fluids,

suspensions, surfactants.

• You may mix all of them (solutions of liquid crystal - nanoparticle mixtures: topological

fluids [very hot subject: singularities, symmetries, topology])

• Applications/occurance: adhesives, blood, colloidal janus-particles in e-readers, cosmet-

ics, detergents, foams, food additives, fuel additives, ice cream, liquid crystals in display

devices, lubricants, milk, muscle, paints, rubber in tires, yogurt.

D. Who deals with it how?

• Soft Matter is at cross roads of applied mathematics, biophysics, chemistry, condensed mat-

ter physics, complex systems, physical chemistry, statistical physics, (nonequilibrium) ther-

modynamics - everyone has their own definition and deals with it with their own methods.

• Microscopic, mesoscopic and macroscopic; deterministic and stochastic; continuum and

discrete models (ODE, PDE, DFT, DDFT, SPH, MC, KMC, MD, LB, Agent-based)

• here: ODE/PDE: dynamical systems approach, pattern formation, asymptotic models and

methods
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E. What is structure formation - first considerations

• Structure, pattern, texture, aggregate.

• Emergence of structure by symmetry breaking (discrete and continuous symmetries). The

more structure, the fewer symmetries. Symmetry breaking at bifurcations.

• Symmetries and conservation laws (Noether’s theorem)

• Self-organisation vs. self-assembly

• At equilibrium, towards equilibrium, out of equilibrium, far from equilibrium.

• Phase transitions (1st and 2nd kind, relation to bifurcations, structural phase transitions and

change of symmetry)

Approach will be helical: start simple by doing things without looking at the foundations. Later

putting in the foundations.
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F. Content

1. Introduction (lecture 1)

2. Description of phase transitions (equilibrium, dynamics towards equilibrium, connect to

instabilities, bifurcations etc.)

Examples (i) ferromagnet (mean field for Ising model, Allen-Cahn equation) [lecture 2 and

3]], (ii) binary mixture, Cahn-Hilliard equation [lecture 4], Problem classes 1, 2 and 3;

Computer sessions 1 (May) and 2 (June)

3. Digression on numerics - path continuation (lecture 5, day before Computer session 1)

4. Selected approaches to non-equilibrium behaviour - towards equilibrium

(front motion, droplet growth and coarsening in Allen-Cahn equation) [lecture 6, maybe

shift into additional lecture earlier on]

5. Classification and derivation of transport equations: classification, general framework, con-

tinuity equation and Navier-Stokes equation (sketch only, or full procedure shown on slides),

long-wave approximation (result only) (lectures 6 and 7); Problem classes 4 and 5; Com-

puter session 3)

6. International guest speaker on Capillarity - statics and dynamics (lecture 8 and 9)

7. Particle mechanics with friction and noise: Scaling and Approximating, from the Langevin

equation to the Smoluchowski equation, Onsagers way to the diffusion equation (lecture 10

and 11)

8. If there remains time: Derivation/construction of underlying energy functionals, from the

diffusion equation to more general gradient dynamics
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