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MACROMOLECULAR AND
POLYMER SCIENCE (EMAC)
EMAC 125. First Year Research on Polymers. 1 Unit.
First year research in polymer chemistry, engineering, and physics.
Students will be placed in active research groups and will participate in
real research projects under the supervision of graduate students and
faculty mentors.

EMAC 270. Introduction to Polymer Science and Engineering. 3 Units.
Science and engineering of large molecules. Correlation of molecular
structure and properties of polymers in solution and in bulk. Control of
significant structural variables in polymer synthesis. Analysis of physical
methods for characterization of molecular weight, morphology, rheology,
and mechanical behavior. Prereq: ENGR 145.

EMAC 276. Polymer Properties and Design. 3 Units.
The course reviews chemical and physical structures of a wide range of
applications for synthetic and natural polymers, and addresses "Which
polymer do we choose for a specific application and why?" We examine
the polymer properties, the way that these depend on the chemical and
physical structures, and reviews how they are processed. We aim to
understand the advantages and disadvantages of the different chemical
options and why the actual polymers that are used commercially are
the best available in terms of properties, processibility and cost. The
requirements include two written assignments and one oral presentation.
Prereq: ENGR 145 and EMAC 270.

EMAC 303. Structure of Biological Materials. 3 Units.
Structure of proteins, nucleic acids, connective tissue and bone, from
molecular to microscopic levels. An introduction to bioengineering
biological materials and biomimetic materials, and an understanding of
how different instruments may be used for imaging, identification and
characterization of biological materials. Recommended preparation:
EMAC 270. Offered as: EBME 303 and EMAC 303. Prereq: EBME 201,
EBME 202, and EBME 306.

EMAC 325. Undergraduate Research in Polymer Science. 1 - 3 Units.
Undergraduate laboratory research in polymer chemistry/physics/
engineering. Students will undertake an independent research project,
working under the mentoring of both a graduate student and a faculty
member. A mid-term written progress report is required. A written report
and oral presentation will be made at the end of the semester. Can be
taken for 1-3 credits per semester, up to a total of 6 credit hours. Students
are expected to spend approximately 5 hours/week in the laboratory per
credit registered each semester. Recommended preparation: Sophomore/
Junior standing and consent of instructor.

EMAC 351. Physical Chemistry for Engineering. 3 Units.
Principles of physical chemistry and their application to systems
involving physical and chemical transformations. The nature of physical
chemistry, properties of gases, overview of the laws of thermodynamics,
thermochemistry, solutions, phases and chemical equilibrium, kinetics of
chemical reaction, solutions of electrolytes and introduction to quantum
mechanics, atomic structure and molecular statistics. Prereq: ENGR 145.

EMAC 352. Polymer Physics and Engineering. 3 Units.
Single chain statistics and thermodynamics of dilute polymer solutions
(single chain statistics, Flory-Kringbaum theory, vapor pressure and
osmotic pressure, light, small angle X-Ray, and small-angle neutron
scattering), solid state properties of polymers (polymer viscoelasticity
(time-temperature superposition; rubber thermodynamics and statistics),
glasses and related mechanical properties (fracture mechanism), crystals
and liquid crystals; structure property relationship, polymer blends,
block copolymers and composites, transport phenomena (conversation
of mass, momentum and energy, differential forms, integral forms,
momentum transport, laminar and turbulent flow, Navier-Stokes equation,
mass transport, diffusion, Fick's law) and transport phenomena of
polymer solutions (intrinsic viscosity, sedimentation and diffusion,
dynamic light scattering, polyelectrolytes and block copolymers in
solution, size exclusion chromatography). Prereq: EMAC 351

EMAC 353. Foundations of Scattering. 3 Units.
Introduction to the fundamentals of using scattering techniques to
characterize the structure and dynamics of soft matter and its interfaces,
with an emphasis on X-ray and neutron techniques. Topics covered
include a mechanistic description of scattering processes, diffraction,
small-angle scattering, reflectometry, and quasi-elastic scattering applied
to polymers, proteins, gels/networks, nanoparticles, and other soft
materials. Offered as EMAC 353 and EMAC 453. Prereq: EMAC 351 and
EMAC 352.

EMAC 355. Polymer Analysis Laboratory. 3 Units.
Experimental techniques in polymer synthesis and characterization.
Synthesis by a variety of polymerization mechanisms. Quantitative
investigation of polymer structure by spectroscopy, diffraction and
microscopy. Molecular weight determination. Physical properties. Counts
as a Disciplinary Communication course.

EMAC 370. Polymer Chemistry. 3 Units.
The fundamentals of organic chemistry of polymer synthesis, suitable
for laboratory and industrial polymer production. Prereq: EMAC 270 and
(CHEM 224 or CHEM 324).

EMAC 372. Polymer Processing and Testing Laboratory. 3 Units.
Basic techniques for the rheological characterization of thermoplastic
and thermoset resins; "hands-on" experience with the equipment used
in polymer processing methods such as extrusion, injection molding,
compression molding; techniques for mechanical characterization and
basic principles of statistical quality control. Prereq: EMAC 377.

EMAC 373. Numerical and Computational Methods in Soft Matter
Systems. 3 Units.
This course is open to senior undergraduate and graduate students.
Working knowledge of a programming language is essential. Numerical
and computational methods, advanced data analysis (numerical
and experimental data sets), using python, accessing HPC cluster,
simulations vs numerical analysis, Monte-Carlo methods, molecular
dynamics, suspension dynamics. Offered as EMAC 373 and EMAC 473.
Prereq: ENGR 130 and EMAC 351 and EMAC 352 and Junior standing or
above.
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EMAC 375. Fundamentals of Non-Newtonian Fluid Mechanics and
Polymer Rheology. 3 Units.
This course will involve the study of Rheology from the perspectives of
rheological property measurement, phenomenological and molecular
models, and applicability to polymer processing. In particular, students
will be introduced to:1) General concepts of Rheology and Newtonian
Fluid Mechanics, 2) Standard flows and material functions; 3) The role
of Rheology as a structural characterization tool, with an emphasis
on polymeric systems; 4) Experimental methods in Rheology with
quantitative descriptions of associated flows and data analyses; 5)
Viscoelasticity and Non-Newtonian Fluid Mechanics, including the
application of models, both phenomenological and molecular, to the
prediction of rheological behavior and extraction of model parameters
from real data sets; and 6) The relevance of rheological behavior of
different systems to practical processing schemes, particularly with
respect to plastics manufacturing. Offered as EMAC 375 and EMAC 475.
Prereq: ENGR 225 or EMAC 404.

EMAC 376. Polymer Engineering. 3 Units.
Mechanical properties of polymer materials as related to polymer
structure and composition. Visco-elastic behavior, yielding and fracture
behavior including irreversible deformation processes. Recommended
preparation: ENGR 200. Offered as EMAC 376 and EMAC 476. Prereq:
EMAC 276.

EMAC 377. Polymer Processing. 3 Units.
Application of the principles of fluid mechanics, heat transfer and mass
transfer to problems in polymer processing; elementary steps in polymer
processing (handling of particulate solids, melting, pressurization and
pumping, mixing); principles and procedures for extrusion, injection
molding, reaction injection molding, secondary shaping. Prereq:
EMAC 352 or ENGR 225.

EMAC 378. Polymer Engineer Design Product. 3 Units.
Uses material taught in previous and concurrent courses in an integrated
fashion to solve polymer product design problems. Practicality, external
requirements, economics, thermal/mechanical properties, processing
and fabrication issues, decision making with uncertainty, and proposal
and report preparation are all stressed. Several small exercises and
one comprehensive process design project will be carried out by class
members. Offered as EMAC 378 and EMAC 478. Counts as a SAGES
Senior Capstone course.

EMAC 396. Special Topics. 1 - 18 Units.
(Credit as arranged.)

EMAC 398. Polymer Science and Engineering Project I. 1 - 3 Units.
(Senior project). Research under the guidance of faculty. Requirements
include periodic reporting of progress, plus a final oral presentation and
written report. Repeatable up to 3 credit hours. When taken for 3 credits
it may be spread over two successive semesters. Counts as a SAGES
Senior Capstone course. Prereq: Senior Standing.

EMAC 399. Polymer Science and Engineering Project II. 1 - 9 Units.
(Senior project.) Research under the guidance of staff, culminating in
thesis. Recommended preparation: Majors only and senior standing.

EMAC 400T. Graduate Teaching I. 0 Unit.
This course will engage the Ph.D. students in teaching experiences that
will include non-contact (such as preparation and grading of homeworks
and tests) and direct contact (leading recitations and monitoring
laboratory works, lectures and office hours) activities. The teaching
experience will be conducted under the supervision of the faculty. All
Ph.D. students will be expected to perform direct contact teaching during
the course sequence. The proposed teaching experiences for EMAC
Ph.D. students are outlined below in association with undergraduate
classes. The individual assignments will depend on the specialization of
the students. The activities include grading, recitation, lab supervision
and guest lecturing. Recommended preparation: Ph.D. student in
Macromolecular Science.

EMAC 401. Polymer Foundation Course I: Organic Chemistry. 3 Units.
The class is an introduction to the synthesis and organic chemistry
of macromolecules. The course introduces the most important
polymerization reactions, focusing on their reaction mechanisms
and kinetic aspects. Topics include free radical and ionic chain
polymerization, condensation (step-growth) polymerization, ring-opening,
insertion and controlled addition polymerization. There is no limit on the
number of students for the class as a whole.

EMAC 402. Polymer Foundation Course II: Physical Chemistry. 3 Units.
This class is an introduction to the physical chemistry of polymers
in solution. Topics include: polymer statistics: (microstructure, chain
configuration, and chain dimensions), thermodynamics and transport
properties of polymers in solution, methods for molecular weight
determination, physical chemistry of water-soluble polymers, and
characterization of polymer microstructure (IR and NMR). There is no
limit on the number of students for the class as a whole.

EMAC 403. Polymer Foundation Course III: Physics. 3 Units.
This class is an introduction to the physics of polymers in the bulk
amorphous and crystalline states. Topics include: structural and
morphological analysis using X-ray diffraction, electron microscopy
and atomic force microscopy, characterization of thermal transitions,
viscoelastic behavior and rubber elasticity, and dynamic mechanical
analysis. There is no limit on the number of students for the class as a
whole.

EMAC 404. Polymer Foundation Course IV: Engineering. 3 Units.
This class is an introduction to the engineering and technology of
polymeric materials. Topics include: additives, blends and composites,
natural polymers and fivers, thermoplastics, elastomers, and thermosets,
polymer degradation and stability, polymers in the environment,
polymer rheology and polymer processing, and polymers for advanced
technologies (membrane science, biomedical engineering, applications
in electronics, photonic polymers). There is no limit on the number of
students for the class as a whole.

EMAC 405. Polymer Characterization Laboratory. 3 Units.
Laboratory experience through synthesis and characterization of
polymers. Synthesis via addition and condensation polymerization.
Characterization methods include size exclusion chromatography,
infrared and NMR spectroscopy. Solid samples are characterized by
x-ray diffraction, electron microscopy, thermal analysis, and physical
properties. Fluid samples are characterized by melt rheology. Prereq:
EMAC 401, EMAC 402, EMAC 403 and EMAC 404.
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EMAC 408. Scientific Literature, Bibliometrics, and Ethics in Research
and Publication. 3 Units.
This class aims to assist students in navigating scientific literature
and bibliographic databases while gaining a deeper understanding of
the scientific enterprise. Although science is often considered to be an
objective endeavor with self-correcting mechanisms, these safeguards
sometimes fail. We will explore the technical aspects of modern science
publishing, the academic journal ecosystem, funding frameworks, and
peer review. In addition, we will examine some of the more uncomfortable
aspects of the scientific enterprise, such as questionable research
practices, research misconduct, predatory publishing, and politicization
of science. Offered as CHEM 408 and EMAC 408.

EMAC 413. Polymers Plus Green Chemistry and Engineering. 2 Units.
This course focuses on green chemistry and engineering, particularly as
it relates to polymers. Specific topics to be covered in this course will
include green chemistry, catalysis, alternative solvents, green processing,
renewable materials, and life cycle analysis. Case studies will be utilized
to connect lecture topics to real-world examples. Prereq: EMAC 401 and
EMAC 404.

EMAC 415. Polymers Plus Structure and Morphology. 2 Units.
This special topic focuses on polymer structure and morphology and
their applications. Topics include solid-state physics of various polymeric
materials, ranging from crystalline polymers to liquid crystalline
polymers, and block copolymers. First, symmetry operation, space
groups, reciprocal spaces are introduced. Examples of the crystalline
structures of industrially important polymers and typical polymer
crystalline morphology such as lamellar and spherulitic crystals are
discussed. Defects in crystalline polymer is also an important issue that
determines their physical properties. Second, typical phase structure
and transitions of liquid crystals and liquid crystalline polymers are
introduced, including both thermotropic and lyotropic liquid crystals.
Finally, nanostructure and morphology of block copolymers are
discussed. Prereq: EMAC 402 and EMAC 403.

EMAC 425. Polymer Plus Energy. 2 Units.
Energy research has become the focus of the twenty-first century. This
course is a special topic on polymers in the energy field and related
applications. We primarily focus on polymers for solar cells, fuel cells,
batteries, double layer electrochemical capacitors, dielectric capacitors,
and wind energy. For solar cells, we will introduce conducting polymers
and basic types of polymer solar cells. For fuel cells, we will introduce
both proton- and hydroxide-exchange fuel cells. Fundamental issues
of ion transport, water management, and fuel cell longevity will be
introduced. For supercapacitors, we will introduce porous carbon
structures and charge storage mechanism. For dielectric capacitors, we
will introduce fundamental concepts in electrostatics, different types
of polarization, and loss mechanism. For wind energy, we will introduce
polymer composites for wind blades and polymer coatings. This course
will combine lectures and contemporary literature reviews/essays.

EMAC 437. Advanced Polymeric Films. 2 Units.
This course is focused on processing structure and property relationships
with particular emphasis on a variety of layered film systems. Two
classes will be offered per week, emphasizing a large variety of layered
film systems for advanced applications. These film systems exhibit
unique properties that allow applications in 1) selective barrier films
for food and packaging and flexible photocell protection; 2) optical and
photonic characteristics for security-enhanced devices and systems; 3)
transport phenomena and separation processes for battery separators
and particle separation; and, 4) multilayer films for enhancement of
mechanical and adhesive properties. Prereq: EMAC 270 and EMAC 276 or
Requisites Not Met permission.

EMAC 450. The Business of Polymers. 2 Units.
This course will link polymer technology to business and management
issues that need to be considered for successful technology
commercialization. Topics include project management, finance,
opportunity assessment, the voice of the customer, and protection of
intellectual property. Case studies from both large and small companies
will be used to illustrate key concepts. Recommended preparation:
EMAC 270, EMAC 276.

EMAC 453. Foundations of Scattering. 3 Units.
Introduction to the fundamentals of using scattering techniques to
characterize the structure and dynamics of soft matter and its interfaces,
with an emphasis on X-ray and neutron techniques. Topics covered
include a mechanistic description of scattering processes, diffraction,
small-angle scattering, reflectometry, and quasi-elastic scattering applied
to polymers, proteins, gels/networks, nanoparticles, and other soft
materials. Offered as EMAC 353 and EMAC 453. Prereq: EMAC 402 and
EMAC 403.

EMAC 461. Chemistry of Fire Safe Polymers and Composites. 3 Units.
Chemistry of Fire Safe Polymers and Composites starts with the
introduction of characterization techniques used for fire safe materials
and combustion phenomena research. General discussion on how
reduced flammability of polymers and composites are obtained, for
example by additives and preparing intrinsically thermally stable
chemical structure and some examples of smart approaches, will be
discussed. It also discusses the synthetic methods of preparing high
temperature stable polymers in addition to the raw materials used
to prepare those materials. Special emphasis will be placed on the
thermal stability data obtained by thermogravimetric analysis (TGA)
and combustion calorimetry for those fire safe materials. Mechanistic
aspects of the flammability of polymers will be explained with special
emphasis on the molar contribution of chemical functionality to the heat
release capacity. Theoretical derivation of thermokinetic parameters will
be explained. In addition, a common sense build-up will be attempted
by providing actual numbers associated with those thermokinetic
parameters. Upon completion of background formation, a more advanced
materials, composites and nanocomposites, will be discussed using
the results recently reported. Preliminary attempts to explain flame
retardation by nanocomposite structures will also be discussed. Offered
as EMAC 461 and EMAE 461.

EMAC 463. Fire Dynamics. 3 Units.
This course introduces compartment fires and burning behavior of
materials. Topics include: buoyant driven flow, fire plume, ceiling jet,
vent flow, flashover and smoke movement as well as steady burning
of liquids and solids; ignition, extinction and flame spread over solids.
Recommended Preparation: Elementary knowledge in thermo-fluids is
required. Offered as EMAE 463 and EMAC 463.

EMAC 464. Fire Protection Engineering. 3 Units.
This course introduces essentials of fire protection in industry and
houses. Topics include: hazard identification (release of flammable gases
and their dispersion), fire and explosion hazards, prevention and risk
mitigation, fire detection systems, mechanisms of fire extinguishment,
evaluation of fire extinguishing agents and systems. Offered as
EMAC 464 and EMAE 464.
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EMAC 471. Polymers in Medicine. 3 Units.
This course covers the important fundamentals and applications of
polymers in medicine, and consists of three major components: (i) the
blood and soft-tissue reactions to polymer implants; (ii) the structure,
characterization and modification of biomedical polymers; and (iii)
the application of polymers in a broad range of cardiovascular and
extravascular devices. The chemical and physical characteristics of
biomedical polymers and the properties required to meet the needs of
the intended biological function will be presented. Clinical evaluation,
including recent advances and current problems associated with different
polymer implants. Recommended preparation: EBME 306 or equivalent.
Offered as EBME 406 and EMAC 471.

EMAC 473. Numerical and Computational Methods in Soft Matter
Systems. 3 Units.
This course is open to senior undergraduate and graduate students.
Working knowledge of a programming language is essential. Numerical
and computational methods, advanced data analysis (numerical
and experimental data sets), using python, accessing HPC cluster,
simulations vs numerical analysis, Monte-Carlo methods, molecular
dynamics, suspension dynamics. Offered as EMAC 373 and EMAC 473.

EMAC 475. Fundamentals of Non-Newtonian Fluid Mechanics and
Polymer Rheology. 3 Units.
This course will involve the study of Rheology from the perspectives of
rheological property measurement, phenomenological and molecular
models, and applicability to polymer processing. In particular, students
will be introduced to:1) General concepts of Rheology and Newtonian
Fluid Mechanics, 2) Standard flows and material functions; 3) The role
of Rheology as a structural characterization tool, with an emphasis
on polymeric systems; 4) Experimental methods in Rheology with
quantitative descriptions of associated flows and data analyses; 5)
Viscoelasticity and Non-Newtonian Fluid Mechanics, including the
application of models, both phenomenological and molecular, to the
prediction of rheological behavior and extraction of model parameters
from real data sets; and 6) The relevance of rheological behavior of
different systems to practical processing schemes, particularly with
respect to plastics manufacturing. Offered as EMAC 375 and EMAC 475.
Prereq: ENGR 225 or EMAC 404.

EMAC 476. Polymer Engineering. 3 Units.
Mechanical properties of polymer materials as related to polymer
structure and composition. Visco-elastic behavior, yielding and fracture
behavior including irreversible deformation processes. Recommended
preparation: ENGR 200. Offered as EMAC 376 and EMAC 476.

EMAC 477. Elementary Steps in Polymer Processing. 3 Units.
This course is an application of principles of fluid mechanics and heat
transfer to problems in polymer processing. In the first part of the course,
basic principles of transport phenomena will be reviewed. In the second
part, the elementary steps in polymer processing will be described and
analyzed with application to a single screw extruder.

EMAC 478. Polymer Engineer Design Product. 3 Units.
Uses material taught in previous and concurrent courses in an integrated
fashion to solve polymer product design problems. Practicality, external
requirements, economics, thermal/mechanical properties, processing
and fabrication issues, decision making with uncertainty, and proposal
and report preparation are all stressed. Several small exercises and
one comprehensive process design project will be carried out by class
members. Offered as EMAC 378 and EMAC 478. Counts as a SAGES
Senior Capstone course.

EMAC 491. Polymers Plus Literature Review. 1 Unit.
This course involves weekly presentations of the current polymer
literature. It involves at least one presentation by the enrolled student
and participation in all literature reviews (at least 10/semester). The
course will focus on presentation skills (both oral and written), scientific
interpretation, and development of peer-review skills. This course can be
taken for a total of 3 credits over three different semesters.

EMAC 500T. Graduate Teaching II. 0 Unit.
This course will engage the Ph.D. students in teaching experiences that
will include non-contact (such as preparation and grading of homework
and tests) and direct contact (leading recitations and monitoring
laboratory works, lectures and office hours) activities. The teaching
experience will be conducted under the supervision of the faculty. All
Ph.D. students will be expected to perform direct contact teaching during
the course sequence. The proposed teaching experiences for EMAC Ph.D.
students are outlined below in association with graduate classes. The
individual assignments will depend on the specialization of the students.
The activities include grading, recitation, lab supervision and guest
lecturing. Recommended preparation: Ph.D. student in Macromolecular
Science.

EMAC 600T. Graduate Teaching III. 0 Unit.
This course will engage the Ph.D. students in teaching experiences
that will include non-contact and direct contact activities. The teaching
experience will be conducted under the supervision of the faculty.
The proposed teaching experiences for EMAC Ph.D. student in this
course involve instruction in the operation of major instrumentation
and equipment used in the daily research activities. The individual
assignments will depend on the specialization of the students.
Recommended preparation: Ph.D. student in Macromolecular Science.

EMAC 601. Independent Study. 1 - 18 Units.
(Credit as arranged.)

EMAC 651. Thesis M.S.. 1 - 18 Units.
(Credit as arranged.)

EMAC 673. Selected Topics in Polymer Engineering. 2 - 3 Units.
Timely issues in polymer engineering are presented at the advanced
graduate level. Content varies, but may include: mechanisms of
irreversible deformation: failure, fatigue and fracture of polymers and
their composites; processing structure-property relationships; and
hierarchical design of polymeric systems. Recommended preparation:
EMAC 376 or EMAC 476.

EMAC 677. Colloquium in Macromolecular Science and Engineering. 0 - 1
Units.
Lectures by invited speakers on subjects of current interest in polymer
science and engineering. This course can be taken for 3 credits over three
different semesters.

EMAC 690. Special Topics in Macromolecular Science. 1 - 18 Units.

EMAC 695. Project M.S.. 1 - 9 Units.
Research course taken by Plan B M.S. students. Prereq: Enrolled in the
EMAC Plan B Program.

EMAC 701. Dissertation Ph.D.. 1 - 9 Units.
(Credit as arranged.) Prereq: Predoctoral research consent or advanced to
Ph.D. candidacy milestone.


