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Introduction to Surface/Interface
Chemistry
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The intention of the course is to focus on various
methods toward chemistry on surfaces, such as SAMs,
polymer deposition and biological interfaces. Additionally
possibilities to pattern surfaces will be addressed.
Syllabus: i) What is a Surface/Interface?, ii) Forces, iii)
Adsorption at surfaces, iv) Imaging Methods, v) Surface
Chemistry, vi) Preparation of Polymer Surfaces, vii)
Micropatterning and Microstructuring, viii) Biological
Interfaces.
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Solid State Physical Chemistry
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This subject teaches basic principles of solid state
chemistry and shows how they can be used to describe
the materials properties. In particular, the relationship
between electronic structure, chemical bonding, and crys-
tal structure is developed. The physical properties of the
solid such as magnetic, electric, optical, etc. are in-
troduced and related to their electronic and crystal
structure. Tentative topical coverage: Crystal structures,
chemical bonding in solids (metallic, covalent, ionic),
non-bonding electrons (d- and f-electrons, crystal field),
defects in solids, electrical properties (metallic con-
ductivity, semiconductivity, superconductivity, ionic con-
ductivity, ferroelectricity, piezo electricity, optical proper-
ties (d- and f-electrons) and magnetic properties.
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Functional Polymer Nano Materials
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Functional polymer nanomaterials have been attained
great interest in recent nanotechnology due to their di-
verse practical applications to solve the recent high-
lighted problems in energy and environmental area.
Several methods to fabricate functional polymer nano-
materials will be proposed, and the recent technology
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and importance for polymer nanomaterials will be
displayed.
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Functional Inorganic Nano Materials
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Various nanostructured materials have attracted a lot
of attention not only for their fundamental scientific in-
terest, but also for their many technological applications.
Nanostructured materials exhibit very interesting size-de-
pendent electrical, optical, magnetic, and chemical prop-
erties that cannot be achieved by their bulk
counterparts. The synthesis, characterization, and their
applications of various inorganic nanostructured materials
will be covered in this class.
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Introduction to Chemical Convergence
for Energy & Environment
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Thls class deals with the fundamentals and their con-
vergence based on chemical principles for energy and
environment, regarded as the important issues for the
sustainability for the next century. In particular, chemical
principles and their applications on the renewable energy
sources such as fuel cells and solar cells as well as the
environmental sensors to monitor pollutions and the en-
vironmental impact of nanomaterials will be dealt in
depth.
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This course is de5|gned to explore general topics in
chemical convergence for energy and environment as in-
troduction level. Various approaches will be provided
from professors in this Program as team teaching.
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Characterization & Properties of
Self-Assembled Materials
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Thermodynamic basis of self-assembly - free energies
and phase diagrams (single component, binary, ternary),
binodal and spinodal, long- and short-range order, dis-
ordered crystals (ordered, conformationally and orienta-
tionally disordered, plastic), liquid crystal self-assembly -
thermotropic and lyotropic, structure and phase tran-
sitions, textures, optical properties and optical character-
ization techniques (including general background on in-
teraction of polarized light with matter: birefringence,
optical activity, dichroism). Application of liquid crystals
(displays, thermochromic devices, polymer-dispersed LCs,
LC elastomers, LC templating). Structured block-copoly-
mers - order-disorder transition. Self-assembled nano- struc-
tures in linear and star block copolymers. Diffraction
methods in characterization of nanostructures: diffraction
of X-rays, electrons and neutrons, scattering on dis-
ordered and periodic systems, brief introduction to crys-
tal symmetry and crystallography, reciprocal lattice, dif-
fraction intensity and unit cell structure, single crystal, fi-
ber and powder diffraction, small-angle scattering (SAXS,
SANS), for thin films and surface techniques: grazing in-
cidence diffraction, reflectivity. Examples of nano-
structured functional polymers (electroactive polymers for
photovoltaics, polymer electrolytes for batteries).
Examples of self-assembled hybrid (organic-inorganic)
nanocomposites.
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Characterization of Nano Materials
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A deep characterization of nanomaterials is a pre-
requisite for the wunderstanding of their physical
properties. This subject teaches the principles and the
application of the characterization techniques of inorganic
nanomaterials (even though many of them can be ap-
plied to organic and hybrid materials as well). Tentative
topical coverage: scanning and transmission electron mi-
croscopy (e.g. high resolution, electron diffraction) and
related techniques (electron energy loss spectrometry,
energy-dispersive X-ray spectroscopy), diffraction techni-
ques, scanning probe techniques (STM, AFM, etc.), spec-
troscopic techniques (e.g. solid state NMR, XPS, X-ray
absorption).
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Physics of Solid Polymers

T2ot =24 dANC| HAE #E5HL, SRRt M1
=AY 2AYE Solt, DM 2 249 o2 HHSS AN
ofth gE cffet £ nEE A2E A&,
ATE2H0|E L HR RO ot YAl 2|2
Wstet, 2Hd AEAe] st J|AA =9 2o
d, 4H0|, 883 2| HYS CHEL 2dE/
PNz Y HR AZYHE A, nYetE, 44
duE2 U EAaMe HRZUYEE CHECh DAY
HEHdAHS, 79, DREVLO| CiaiME ZelstA; St
The course gives an overview of structure and phys-
ical properties of polymers in the condensed state, i.e.
semicrystalline, amorphous (glassy, rubbery) and liquid
crystalline. The aim is to demonstrate the relationship
between chemical structure, molecular organization, mi-
crostructure and physical properties of polymers in these
states, to draw parallels between synthetic polymers and
biopolymers, and to indicate the different methods of
microstructural investigation. The course will follow the
three hierarchical levels of organization of semicrystalline
polymers (molecular conformation and packing in crys-
tals; lamellar and fibrillar polymer crystals; spherulites-
cylindrites-fibres), and deal with the processes of struc-
ture formation, polymorphism and solid-solid phase tran-
sitions, melting and annealing, as well as thermody-
namics and mechanical properties. Routes to high-mod-
ulus / high-strength polymeric materials and fibres are
explored, from ultradrawing, solid-state extrusion and
gel-spinning to processing of thermotropic and lyotropic
liquid crystal polymers and carbon fibres. Basics of chain
dynamics in liquid and glassy polymers, glass transition,
viscoelasticity (creep, stress-relaxation, time-temperature
superposition, mechanical spectroscopy) and rubber elas-
ticity are also covered.
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Synthesis of Organic Nano Materials
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The intention of the course is to focus on the border
between pure organic synthesis and macromolecular syn-
thesis with a clear emphasis on materials synthesis of
organic nature. Syllabus: i) Definition & Examples of
Organic Nanomaterials, ii) Liposomes & Micelles, iii)
MOFs, iv) Dyes, v) Semiconducting Organic
Nanomaterials, vi) From Oligomers to Polymers, vii)
Supramolecular Chemistry.
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Modern Techniques in Polymerization
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Modern topics in step, chain and living polymerizations
will be discussed. Dispersed media polymerizations
(emulsion, dispersion, etc.) will also be covered.
Emphasis on the synthetic chemistry and materials as-
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pects will be covered.
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Nanocomposite Materials for
Energy Storage & Conversion
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Modern topics in the synthesis, characterization and
application of polymers, inorganic materials and nano-
composites will be covered with particular emphasis on
applications in energy conversion and storage. The
course will, in particular, focus on polymers and in-
organic colloidal materials.
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Energy Storage Materials & System
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Nowadays, the portable energy storage devices such
as secondary batteries and supercapacitors are leading
the wireless revolution of mobile phones and notebook
computers. In the near future, their use seems to be
expanded for hybrid electric vehicles and energy storage
devices for renewable power generations. The perform-
ance characteristics of these devices are frequently lim-
ited by the performance of the constituent materials
(anodes, cathodes, electrolytes and separators), and also
by the interface characteristics at electrode/electrolyte
and separator/electrolyte since electron and ion transfer
is the wunderlying phenomenon for cell operation.
Recently, nano-technology has been introduced for an
improvement of material and interface characteristics;
nano- sized electrode materials, nano-coating, nano-con-

trolled materials and interfaces, and nano-composites for
separators. The system technology is also practically im-
portant to maximize the cell performance from the used
materials; design and cell balancing. The present system
technologies are inherited from those for alkaline cells,
lead-acid, Ni-Cd, and Ni-metal hydride cells, therefore
the knowledges on these cells are needed. Also needed
are the materials and system technologies for Na/S and
redox flow cells since they are emerging as the energy
storage devices for renewable power generations. This
class includes the following topics: 1) The materials and
system technologies for alkaline, lead-acid, Ni-Cd, and
Ni-metal hydride cells, 2) Electrode/electrolyte materials,
interface characteristics for lithium secondary cells and
supercapacitors, and introduction of nano technologies,
3) Design, cell balancing, safety and life time improve-
ment, and 4) Materials and system technologies for Na/S
and redox flow cells.

4582.608 H7|ststo|H 2| &st 3-3-0
Electrochemical Energy Engineering
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This class deals with electrochemical principles of the
electrochemical energy devices and systems such as fuel
cells, solar cells, and so on. It teaches the electrode,
electrolyte, electrode/electrolyte interfaces, double-layer

structure & adsorption, electroactive layers & modified

electrodes, electrochemical instrumentation, scanning
probe techniques, spectroelectrochemistry, and
photoelectrochemistry.

4582609  =HA3Y3E 3-3-0
Environmental Process Engineering
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This course provides the fundamental understandings
for the advanced environmental process technologies re-
cently developed in environmental and energy-related
areas. Students learn various concepts and practices for
the development of efficient and economical processes
for a sustainable society.
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Advanced Environmental Chemistry
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This course focuses on the principles of equilibrium
chemistry serving as indispensible tools for understanding
the composition and direction of change in environmental
systems. The introduction of this course begins with a
short discussion of global environmental issues such as
climate change and energy crisis and examines the is-
sues of mass conservation. In addition, fundamentals of
thermodynamics and kinetics, acid-base chemistry with a
focus on the carbonate system, the updated coverage of
precipitation/dissolution, coordination chemistry, metal
binding by humates will be covered will be covered.
Particularly, chemical convergence for developing emerg-
ing energy, environmental technology, redox reactions,
photochemistry, and environmental electrochemistry will
be included.
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Seminar of Chemical Convergence for
Energy & Environment
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This course is designed to explore special topics in
chemical convergence for energy and environment.
Specialists from industries, research institutes, and do-
mestic/foreign universities will visit to provide seminars

on the newly developed technology and its applications.
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Special Topics to Chemical Convergence
for Energy & Environment 1
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This course is designed to explore special topics in
chemical convergence for energy and environment.
Various approaches will be provided from professors in
this program through team teaching.
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Special Topics to Chemical Convergence
for Energy & Environment 2
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This course is designed to explore special topics in
chemical convergence for energy and environment.
Various approaches will be provided from professors in

this program through team teaching.
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