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This textbook was developed over a period of 10 years for the
author’s lecture on soft matter physics for both graduate and
undergraduate students in the Physics Department of Fudan
University.

Soft matters are different from hard ones essentially due to
former's relatively weak interaction which is comparable to
k, T

major characteristics of soft matters such as “strong reactions upon

T =room temperature). It is this feature that results in the
weak actions™. This textbook not only concentrates on the basic
interactions inside soft matters in a reductionist approach(Chap. 2.
Chaps. S and 6), but also introduces the exploration works on the
complexity of soft matters in methods of system science(Chap. 4).
Soft matters is a bridge between hard matters and complex systems

that show characteristics of deterministic chaos in nature.

As a "model animal”(a mouse, if you prefer) in soft matters,
electrorheological(ER) fluids are introduced. While the properties
and mechanisms of static ER effect are summerized(Chap. 5), this
textbook puts its emphasis on the dynamic ER effects(Chap.6). The
Onsager principle of least energy dissipation rate is adapted in the
textbook to see how it governs the optimal paths of a system’s
deviation from and restoration to equilibrium. As another model
animal, granular media is introduced(Chap. 7) to explain the
thermodynamics of sands and its dynamics such as
compartmentalization. pattern formation, and granular flow. Since
many soft matters consist of light atoms, neutron scattering appears
useful as a powerful tool and is worth mentioning(Chap.3),
especially when a splashing neutron source is being erccted in

China.

Soft matter physics is full of unknowns(Chap. 1) as the subject is
still at its infancy, making it highly atiractive. If you like a
challenging subject, you will most certainly fall in love with soft

matter physics at first sight!
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PREFACE

Soft matters, or complex fluids, are condensed matters between
hard matters and simple fluids. Soft matter physics is rapidly develo-
ping in recent decades, not only because of its numerous research out-
put in each branch of the subject, but also for its new branches that are
emerging one after another. This textbook introduces the basic knowl-
edge, some well-known research method and techniques, and it can be
used as an introductory textbook for the undergraduate and graduate
students.

In Chap. 1, the overview of the soft matter physics is introduced.
The interactions between the fundamental units, such as colloidal parti-
cles, molecules or atoms, are described in Chap. 2. This textbook puts
emphasis on the experimental process, as well as the development of
experimental ideas and experimental techniques. Most of soft matters
consist of light elements, such as hydrogen, carbon or oxygen, and
their neutron scattering cross-sections are much larger than their X-ray
ones. The small angle neutron scattering is especially useful for detec-
ting the structures of soft matters, so Chap. 3 is devoted to the neutron
scattering. We hope that students in soft matter area make a better use
of the China Splashing Neutron Source some day.

Since the interaction of soft matters lies between that of hard mat-
ters and gases, the characteristics of complex systems, such as chaos
and fractals, are usually easier to appear in soft matters. Viewing soft
matters as complex systems would help better understand their behav-
iors. These are discussed in Chap. 4.

As an example of interactions of matters and fields in soft matters,
also as an example of suspensions and colloids, Chapter 5 describes the
knowledge of electrorheological fluids. Not only on the physical prop-

erties of the new materials, nor only on the development of the related
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models, this chapter emphasiges on the important theoretical and ex-
perimental methods of solving the interactions of the colloidal systems
under external fields. The change of the dynamic structures of these
systems under external fields is difficult point in the study, this chapter
has introduced the work Ping Sheng’s group on solving the problems
using the Osager principle. Knowing the related theoretical ad experi-
mental methods would help readers to deal the dynamic properties of
the similar systems of soft matters.

The study of granular materials are most fascinating part in soft
matter physics. Chapter 6 describes the properties of granular materials
as granular liquid, solid and gas, however, readers should pay their at-
tention to the theoretical and experimental methods, as well as related
physical problems.

The path of the development of soft matter physics shows who are
interested in it how a strongly interdisciplinary subject is growing with
great difficult step by step. These contents draw special attention in this
textbooks hoping readers to understand the basis contents and methods
of soft matter physics and to use them in other subjects as well.

1 would like to thank Profs. Ruibao Tao and Rongjia Tao for en-
couraging me to enter this research field, Profs. Ping Sheng, Kunguan
Lu, Jixing Liu, Meiying Hou, Penger Tong, Weijia Wen, Hongru
Ma, Yugiang Yu, Jiping Huang, Wei Chen, Jianwei Zhang, and
many others for numerous discussions, Prof. Xun Wang for reading a
part of the manuscript and suggesting for modifications. 1 also want to
thank Gaobo Zhou for his careful proofreading of entire text of the
manuscript, and thank the teaching assistants of my lecture on soft
matter physics, Li Xu, Wei Bao, Xiufeng Wu, Dakang Liu, Chi
Zhang and Cong Li for helping enrich the textbook in past years.

Luwei Zhou

February, 2011

Fudan University
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Major Characters of Soft Matters

@ 1adeyn

1.1 Why Soff Matters

1.1.1 Why should study soft matter physics

French scientist Pierre-Gilles de Gennes won the Nobel Prize in
Physics in 1991 “for discovering that methods developed for studying
order phenomena in simple systems can be generalized to more com-
plex forms of matter, in particular to liquid crystals and polymers” as
described by the Nobel Prize committee. His Nobel Lecture was ent-
iteed Soft Matter. \""'! The French version of soft matter matiére molle
was invented as a joke by M. Veyssié in Orsay around 1970. ' The
term has a double meaning in French — both soft matter and useless or
weak matter. It was introduced to describe something that goes plastic
with bubbles of soap, from gels, elastomers, liquid crystals, cosmetic
creams, mud, ceramic paste, etc. Soft matters are usually called com-
plex fluids in the North America.

Soft matters refer to the soft condensed matters—the condensed
matters that other than those in gas and solid states, but usually not in-
cluding simple fluids. From the point of view of materials, soft matter
physics is concerned with physical principles governing the behaviors
of foams, liquid crystals, polymers, colloidal dispersions, micro emul-
sion, micelle, various types of biological liquids, suspensions, and
even granular materials, because of their wide applications.

What are the major differences between the “soft” and “hard”
matters?

Major Characters of Soft Matters



