CH E M I CAL E NG I N E ER I NG approved Program Proposal for a Master’s Degree formis to be sub)
ted to departmental student services by the end of the first quarter, for
approval by the chair. Any subsequent M.S. program revisions must
Emeriti: (Professorspndreas Acrivos, Michel Boudart, George M. the approval of the appropriate faculty adviser and the chair. Students
Homsy guestions should contact student services.
Chair: Curtis W. Frank . . Research ExperieneeStudents in the M.S. program wishing tq
ProfessorsCurtis W. Frank, Gerald G. Fuller, Alice P. Gast, Chaitangptain research experience should work with the graduate adviser o
Khosla, RobertJ. Madix, Channing R. Robertson, &r8. Shaqfeh,  choice of research adviser and, upon approval, enroll in the approp
James R. Swartz section of 600. A written report describing the results of the resea
Assistant ProfessorStacey F. Bent, CamillfaM. Kao, Charles B. Musgravendertaken must be submitted to and approved by the research ad
Courtesy ProfessorSteven Chu, Franklin M. Orr, Jr. ChE 600 may not be taken in lieu of any of the required four lecture cou
Lecture_rs:Anthony Pavone, Howard Rosen Residency RequiremenSee General Requirements in the “Gradua
Consutting ProfessorQharIes R. Hutchinson, Ka_ly Kanazawa, Woligang Degrees” section of this bulletin. As of 2001-02, there is a new Univery
Knoll, James C. Mlkkelsen, Jaan Noolandi, Conrad ScRaert residency policy. Currently enrolled graduate students who first mat
Schwaar, John Sinfelt, Do Yeung Yoon ulated before 2001-02 may petition to switch to the new requireme

Consulting Associate Profess@uilian Gao, Jirgen Rihe . . . .
g 9 Minimum Grade Requiremenfry course used to satisfy the 45-uni

UNDERGRADUATE PROGRAM minimum for the M.S. degree must be taken for a letter grade, if offe

Anoverall grade pointaverage (GPA) of 3.0 must be maintained for t

BACHELOR OF SCIENCE courses.

The Chemical Engineering depth sequence required for the B.S. dENG INEER
gree (see the “School of Engineering” section of this bulletin) provides ) ) ) o
training in applied chemical kinetics, biochemical engineering, electronic 1 he degree of Engineer is awarded after completion of a minim
materials, engineering thermodynamics, plant design, polymers, proces?0 units of graduate work beyond the B.S. degree and satisfac
analysis and control, separation processes, and transport phenomena. §¢fgpletion of all University requirements plus the following departme
B.S. program in Chemical Engineering additionally requires basic courd@! requirements. (This degree is notrequired to enter the Ph.D. progr
es in biology, chemistry, engineering, mathematics, and physics. Unitand Course Requirementg-+ninimum of 90 total units (includ-
There is no set B.S. program for Chemical Engineering students tog research) and 45 units of course work is required for the Engi
follow. A sample program is available from the department’s adviserglegree, including (1) 300, 310A, 310B, 340, 345, 350, 355and (2) 3 u
the Dean’s Office in the School of Engineering, and itrtiiedbook for ~ of 699. The remaining courses, to total at least 45 units, may be chq
Undergraduate Engineering Programshich is also found atttp:// from the basic sciences and engineering according to the guidelines
ughb.stanford.edu/index-js.htnit is recommended that the student enin the Master of Science section and with the consent of the grad
discuss the prospective program with his or her adviser, especially if trargdviser and chair. An aggregate of 6 units maximum of the required
ferring from biology, chemistry, physics, or another field in engineeringunits may include such courses as 459 and 699. Students seekin
With some advanced planning, the student can usually arrange to attédnagineer degree may apply for the M.S. degree once the require
one of the overseas campuses. forthat degree have been fulfilled (see above Master of Science sect|
Forinformation abouta Chemical Engineering minor, see the “School  Residency RequiremenBee General Requirements in the “Gradua
of Engineering” section of this bulletin. Degrees” section of this bulletin and the Master of Science section ab
Minimum Grade RequirementAny course intended to satisfy thg
GRADUATE PROGRAMS degree requirements must be taken for a letter grade, if offered. An ov
The University’s requirements for the M.S., Engineer, and Ph.Dgrade pointaverage (GPA) of 3.0 must be maintained for these cou
degrees are outlined in the “Graduate Degrees” section of this bulletin. Reading Committee Requiremesill candidates are required to
have an initial meeting with their committees by the end of their seve
MASTER OF SCIENCE quarter. Following this initial meeting, additional committee meetin
An M.S. program comprising appropriate course work is available ténust occur no less than once a year until all the requirements for the dg
accommodate students wishing to obtain further academic preparatigire satisfied. Students are encouraged to hold meetings onamore fre
after receiving a B.S. degree, before pursuing a professional chemidzasis, to help focus and guide the thesis project. Itis each student’
engineering career. This degree is not a prerequisite for nor does it legigonsibility to schedule meetings and to inform departmental stuc
directly into the department’s Ph.D. program. For conferral of an M.Sservices of meeting dates.
degree, a formal thesis is not required, but the following departmental Thesis RequirementThe thesis must represent a substantial pie|
requirements must be met. of research equivalent to nine months of full-time effort and must
Unitand Course Requirements-or students terminating their grad- approved by a reading committee consisting of two members of
uate work with the M.S. degree in Chemical Engineering, a prograrf@hemical Engineering faculty.
consisting of a minimum of 45 units of academic work is required, in-  Qualification for the Ph.D. Program by Students Ready to Receive
cluding at least (1) four lecture courses selected from the Chemical EDegree of EngineerAfter completing all the requirements for the Engineq
gineering 200, 300, and 400 lecture series and (2) 3 units of 699 Colldegree, a student may request to be examined on the Engineer res
quia. The remaining courses (30 units minimum) may be selected fromork for the purpose of qualifying for the Ph.D. degree. If the requed
graduate level science or engineering courses in any department andgpsinted, the student’s thesis must have been approved by the red
petition to the Chair of the Department of Chemical Engineering, fromeommittee and be available in its final form for inspection by the ent
upper-division undergraduate courses in science and engineering. Crefdigulty at least two weeks prior to the scheduled date of the examinaf
toward the M.S. degree is not given for Chemical Engineering Special
Topics courses numbered 500 through 513. Toward the 45-unit minimur@,OCTOR OF PHILOSOPHY
credit will be given for up to 6 units of research work or for acombina- The Ph.D. degree is awarded after the completion of a minimu
tion of upto 6 units of 1, 2, or 3 units of 459 and 1-5 units of research work 35 units of graduate work as well as satisfactory completion of 4
To ensure that an appropriately balanced thematic program is takedditional University requirements and the following departmental
by allM.S. candidates, the proposed M.S. program should be developgdirements. Completion of an M.S. degree is not a prerequisite for
by student and adviser during the first quarter of study. An adviseginning or pursuing doctoral work.
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Unit and Course Requirementg-minimum of 135 total units, in-  colloid science, computational materials science, electronic materials,
cluding 45 units of course work is required for the Ph.D. degree. Thieydrodynamic stability, kinetics and catalysis, Newtonian and non-
following courses are required: 300, 310A, 310B, 340, 345, 350, and 358ewtonian fluid mechanics, polymer science, rheo-optics of polymeric
plus two courses from one of the areas of concentration in the 440, 45;stems, and surface and interface science. Additional information may
or 460 series. The remaining courses may be chosen from the basic ¢m-found on the Department of Chemical Engineering’s web site at
ences and engineering, according to the guidelines given in the Mastetp://chemeng.stanford.edu
of Science section and with the approval of the faculty advisers. An ag-
gregate of 6 units maximum of the required minimum of 45 units of cours ELLOWSHIPS AND ASSISTANTSHIPS
work may include such courses as 459 and 699. Students admitted toFellowships are awarded each year, primarily to Ph.D. students. Fel-
Ph.D. candidacy should enroll each quarter in the 500 series, 600, aloavships forincoming students are awarded in the spring prior to enroll-
699 as appropriate and as study list unit maximums permit. Studentsent at the beginning of the following academic year. Current students
seekingthe Ph.D. degree may apply forthe M.S. degree once the requiaee encouraged to apply for external, competitive fellowships and may
ments for that degree have been fulfilled (see Master of Science sectionhptain information about various awarding agencies from faculty advisers
The conferral of the M.S. degree must be made within the University’and student services. Assistantships are awarded by the department for

time limit for completion of a master’s degree. teaching assistance given to faculty teaching chemical engineering cours-
Residency RequiremenSee General Requirements in the Gradu-€s and by the faculty for research work performed by graduate students.
ate Degrees section of this bulletin. FURTHER INFORMATION

Minimum Grade RequirementAny course intended to satisfy the de- dditionalinf . b d be found b
gree requirements must be taken for a letter grade, if offered. An overal Additional information about our department can be found atourwe

grade point average (GPA) of 3.0 must be maintained for these Cours(_gge:htt|o://chemenq.stanford.ejomurrent Stanford students interested
lifving E ination-To be ad dt didacy forthe Ph.D in graduate work in the department are encouraged to contact the depart-
Qualifying Examinatios-To be advanced to candidacy for the Ph. “ment and must use internal application forms. Other students can find

degree, the student must pass both parts of the qualifying examinati, . ation about graduate admissions by starting at our web site and

Thefirstpartis held atthe beginning of Spring Quarter, or the third quartﬁrsing the following links: Admissions/Registrar/Admissions/Applica-

of study, and the flrs_t_-year s’_[udent IS ask_ed to make an o_ral pre_sgntatﬁ)(gh Information and Instructions. Potential applicants also can obtain
to the faculty of a critical review of a published paper. This preliminary

S . . . . ; information by emailing applyinfo@chemeng.stanford.edu or by con-
examination assists the faculty in their deliberations as to whether or nQt Y g applyinfo@ g y

a first-year student will be allowed to choose a research adviser and oCtmg the department's student services administrator.
begin doctoral research work immediately. Failure of this examinatio OURSES
leads to termination of a student’s study towards the Ph.D. degree. It al50
precludes any financial aid beyond that already pledged; however, the (WIM) indicates that the course meets the Writing in the Major re-
student may continue to work toward an M.S. degree, (see Master of Squirements.
ence section above). Students who pass the preliminary examination take(AU) indicates that the course is subject to the University Activity Unit
the second part of the qualifying examination at the beginning of thelimitations (8 units maximum).
second year, or fifth quarter. This second examination before the facul-
tyis an oral presentation and defense of their currentresearch work. sRRIMARILY FOR UNDERGRADUATES
dents who successfully pass both examinations submit applications fb®. TheChemical Engineering Pr ofession—Faculty and alumni of the
candidacy for a doctoral degree and form reading committees. Chemical Engineering Department present and discuss a variety of ca-
Reading Committee Requiremesill Ph.D. candidates are required reer paths available to chemical engineering graduates in an informal
to assemble reading committees and to have an initial committee me&@minar setting. Topics: preparing for graduate school (M.S. and Ph.D.)
ing by the end of their seventh quarter. Following this initial meetingin chemical engineering; opportunities in areas related to the environ-
additional meetings must take place no less than once per year until BIENt; opportunities in areas related to soft and hard materials; opportu-
the requirements for the Ph.D. degree are satisfied. The department 8ffies in areas related to biotechnology; preparing for graduate work in
courages students to hold reading committee meetings on a more frequéter professional schools (law, business, medicine, other engineering);
basis, to help focus and guide the dissertation project. It is the studenf®n-traditional opportunities.
responsibility to schedule committee meetings and to report the meet- 1 unit, Aut (Frank, Robertson)
ing dates to the department’s student services administrator.
Teaching RequirementTeaching experience is considered an essen
tial component of doctoral training. All Ph.D. candidates, regardless of
the source of their financial support, are required to assist in the tea
ing of chemical engineering courses for a minimum of two courses.
Dissertation and Oral Defense Requirementsdissertation based
on a successful investigation of a fundamental problem in chemical @80 stanford Introductory Seminar: Drug Delivery in the 21st
gineering is required. Within four to five calendar years after emo”'”_‘l:entury-ln the near future, medication will be delivered with highly
in the department, students are expected to have fulfilled all the requirgngineered, controlled delivery systems. Such systems, currently avail-
ments for this degree, including the completion of dissertations approveghle for motion sickness, heart pain, and high blood pressure, are
by their research adviser. Upon adviser approval, copies mustbe distrfgsyeloped by joining chemistry, biology, medicine, materials science,
uted to each Reading Committee member. No sooner than four weeksq engineering to design novel drug delivery devices. Students visit
after this distribution, students may schedule University oral examingaca| companies where such devices are made. Guest scientists and
tions. The examination, based on the candidate’s dissertation researgigineers describe products on the market and in the pipeline. One
is in the form of a public seminar followed by a private examination bysophisticated drug delivery system, the cigarette, is studied, learning
faculty committee. Satlsfactory'perforrr_lance inthe orgl exa_Lmlnathn, anghout atechnology that has created more harm than good; however, what
acceptance of an approved dissertation by the University Registrangs jearn from it someday might form the basis for a therapeutic delivery
Office of Graduate Degree Progress, leads to Ph.D. degree conferrakystem. Recommended: prior exposure to chemistry, physics, biology,

mathematics, physiology.
RESEARCH ACTIVITIES 3 units, Aut (Robertson, Rosen)

Research investigations are currently being carried out in the follow-
ing fields: applied statistical mechanics, biocatalysis, bioengineering,

20. Introduction to Chemical Engineering—(Enrollin Engineering 20.)
3 units, Spr (Robertson)

Cﬂ';. Biotechnology—(Enroll in Engineering 25.)
3 units, Aut (Khosla)
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100. Chemical Process M odeling, Dynamics, and Contr ol—Mathe- ples. Multiplicity, ignition, and extinction in stirred tank reactors; limi
matical methods are applied to engineering problems, using chemidattions of thermodynamic equilibrium. Catalysis and catalytic reacti
engineering examples. The development of mathematical models techanisms. Chemical reactor models of animal digestion. Prere
describe chemical process dynamic behavior. Analytical and computsites: 110, 120A, 120B; Chemistry 171, 173.
simulation techniques for the solution of ordinary differential equations. 3 units, Aut (Gast)
Dynamic behavior of linear first- and second-order systems. Introduc-
tion to process control. Dynamics and stability of controlled systemsl80. Chemical Engineering Plant Design—Open to seniors in chem-
Prerequisites: Mathematics 53 or 130, or Engineering 155A, or equivésal engineering or by consent of instructor. Application of chemid
lent; Engineering 20. engineering principles to the design of practical plants for the manu
3 units, Aut (Staff) ture of chemicals and related materials. Topics: flow-sheet develop
from a conceptual design, equipment design for distillation, chemi
110. Equilibrium Thermodynamics—Thermodynamic properties, reactions, heat transfer, pumping, and compression; estimation of ca
equations of state, properties of non-ideal systems including mixturesxpenditures and production costs; plant construction.
and phase and chemical equilibria. Prerequisite: Chemistry 171. 3 units, Spr (Pavone)
3 units, Win (Madix)

9
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185A,B. Chemical Engineering Laboratory—Investigation of the

120A. Fluid M echanics—The flow of isothermal fluids from a momen- experimental aspects of chemical engineering science, emphasi
tum transport viewpoint. Continuum hypothesis, scalar and vector fieldsievelopment of communications skills. Experiments illustrating lect
fluid statics, non-Newtonian fluids, shell balances, fluid equations o$ubjects are conducted by groups of students. Lab. (WIM)
motion and the Navier-Stokes equations, creeping and potential flow, 185A. 3 units, Aut (Bent, Frank)
parallel and nearly parallel flows, time-dependent parallel flows and the 185B. 3 units, Win (Kao, Madix)
random walk of momentum, boundary layer theory and separation,
turbulence and drag correlations. Prerequisites: junior standing in chems0. Undergraduate Research in Chemical Engineering—Lab or
ical engineering or consent of instructor; 100, and Mathematics 53 @heoretical work for undergraduate students under the direct supervi
Mathematics 130 or Engineering 155A, or equivalent. of a faculty member. Research in one of the graduate research grou

4 units, Win (Robertson) other special projects in the undergraduate chemical engineering

Students should consult advisers for information on available proje
120B. Energy and MassTransport—The transport of energy and mass  Aut, Win, Spr (Staff)

in solid and fluid continua. Binary diffusion, boundary-layer heat trans-
fer, energy transport by radiation, the equation of convective diffusioPRIMARILY FOR GRADUATE STUDENTS
Fick's Law, forced and free convection, Fourier's law, heat and masmo. Micr oelectr onic Processing Technology—See 140.
transfer analogies, heat transfer in solids, laminar flow, mass transfer 3 ynits, Spr (Bent)
with chemical reaction, natural convection with application to geophys-
ical flows, transportin turbulent flows. Prerequisite: 120A or equivalent2s0, Biochemical Engineering—See 150.

4 units, Spr (Fuller) 3 units, Aut (Swartz)

Chemical Eng

130. Separation Processes—Analysis and design of equilibrium and 260. Polymer Science and Engineering—See 160.
non-equilibrium separation processes. Possible examples: distillation, 3 units, Win (Frank)
liquid-liquid extraction, flash distillation, electrophoresis, centrifuga-
tion, membrane separations, chromatography, and reaction-assisted sgp. Applied M athematicsin Chemical Engineering—Mathematical
aration processes. problems in transport phenomena, fluid mechanics, reactor de
3 units, Spr (Musgrave) guantum chemistry, and polymer science. Applications of tensor cal
lus, ordinary differential equations, linear eigenvalue problems, perf
140. Microelectronics Processing Technology—The chemistry and  pation theory (regular and singular), topics in partial differential eq
transport of microelectronics device fabrication. Introduction to solidions, Fourier transforms. Prerequisites: Mathematics 53, 113, 130
state materials and electronic devices. Chemical processes includig@igineering 155A, Mathematics 131 or Engineering 155B, or equivald
crystal growth, chemical vapor deposition, etching, oxidation, doping, 3 units, Aut (Fuller)
diffusion, metallization, and plasma processing with emphasis on chem-
ical, kinetic, and transport considerations. 310A.MicroscaleTranspor t—Introduction to transport on small scaleg
3 units, Spr (Bent) where macroscopic or bulk convective processes are unimportant.
basic equations of mass, momentum, and energy are derived for ing
150. Biochemical Engineering—The general principles used in the pressible fluids. Local analysis based on the flow kinematics. Simpl
biological production of fine biochemicals, with an emphasis on biopharcations of these equations in the Stokes or creeping flow regime; sol
maceuticals. Basic and applied principles in: enzyme kinetics, microbigéchniques for these reduced sets of equations. Topics: Green’s fun
physiology, recombinant DNA technology, metabolic engineering, feron boundary integral solution methods, point particle solutions, rig
mentation media design, fermentor design and aseptic processing, f@grticulate motion in suspension, drop and bubble flows includi
mentation scale-up, product isolation, protein purification, protein foldthermocapillary motion, lubrication theory, and the effective propert
ing, regulatory issues, and biochemical process cost modeling. of composite media and suspensions; slender body theory and Bro
3 units, Aut (Swartz) motion. Prerequisites: 120A, 120B, 300, or equivalents.
3 units, Win (Shagfeh)
160. Polymer Science and Engineering—Introduction to polymer
science, including morphology of amorphous and semicrystalline poly310B. Convective Transport and Reaction Engineering—Continua-
mers, linear viscoelasticity, and rheology. Selected applications @fon of 310A. Macroscale or convective transport of mass, moment
polymers in information technology. and energy including chemical reaction from a fundamental perspect
3 units, Win (Frank) Topics: inviscid flow theory and its coupling to mass, momentum, a
energy boundary layers including free jets and wakes; boundary la
170. Kinetics and Reactor Design—Chemical kinetics, elementary adjoining regions of constant circulation (e.g., drop flows) includi

steps, mechanisms, rate-limiting steps, and quasi-steady state appr@iandtl-Batchelor layers; convective mass transport with and with
mations. Ideal isothermal and non-isothermal reactors; design princi-
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reaction, including Taylor-dispersion and generalized Graetz problemd44B. Quantum Simulations: Materials Micro M echanics—(Enroll
the fundamentals for mass, momentum, and energy transport correla-Mechanical Engineering 249B.)
tions. The concepts are applied to basic reaction engineering. Prerequi- 3 units, Spr (Cho)
site: 310A or consent of the instructor.

3 units, not given 2001-02 450. Introduction to Biotechnology—(Same as Biochemistry 237,

Civil and Environmental Engineering 237, Structural Biology 450.)

340. Molecular Thermodynamics—Review of classical thermody- Stanford faculty fromthe schools of Medicine, Humanities and Sciences,
namics. Introduction to statistical thermodynamics; ensembles and pdEngineering and invited industrial speakers review the interrelated
tition functions. Application to phase equilibrium of solids and liquids,elements of modern biotechnology. Topics: development of recombi-
phase diagrams, and molecular dynamics simulation. Intermoleculaant protein pharmaceuticals, bacterial fermentation and scale-up, mam-
forces and introduction to distribution functions, liquid state theorymalian cell culture and scale-up, transgenic animals, transgenic protein
integral equations, and perturbation theory. Chemistry 275 may heroduction in plants, isolation and purification of protein pharmaceuti-

substituted. cals, formulation and delivery of pharmaceutical proteins, environmen-
3 units, Win (Staff) tal biotechnology, metabolic engineering, industrial enzymes, diagnos-
tic devices, transciptomics and proteomics, drug delivery systems.
345. Spectroscopy and Applications of Quantum M echanics—Devel- Prerequisite: graduate student or upper-division undergraduate in the

opment of theoretical approaches to spectroscopy, including spectroscopigiences or engineering.
transitions, transition probabilities, and selection rules. Application to 3 units, Spr (Robertson, Swartz)
photon and electron spectroscopies of the gas and solid phases. Topics:
rotational spectroscopy; infrared and Raman vibrational spectroscopiets2. Protein Scienceand Engineering—(Same as Chemistry 232.) The
fluorescence spectroscopy; Auger, x-ray and ultraviolet photoelectrgohysio-chemical interactions that govern the structure and function of
spectroscopies. Prerequisite: Chemistry 271 or quantum mechanicgroteins. Topics: protein function and structure, techniques for probing
3 units, Win (Bent) protein structure and function, mechanisms of protein function, design of
proteins with novel properties. Examples from the literature on enzymes.
350. Principlesof Cellular Systems—Introduction to cell structure and Recommended: background in physical and organic chemistry.
function for engineering students with no previous background in biol- 3 units, Win (Khosla)
ogy. Biological Sciences 41 may be substituted. For chemical engineer-
ing Ph.D. students with previous experience in biology, other courset4. M etabolic Engineering Methodsand Applications—The analy-
may be substituted with consent of instructor. Class size limited to 4Gis and optimization of industrial organisms. Applications illustrate the
3 units, Aut (Kao) basic principles of metabolic pathway regulation, metabolic flux analy-
sis, and traditional and new methods for genetic engineering. Examples:
355. Advanced Biochemical Engineering—The technological tools production of amino acids, protein synthesis and post-translational
for exploiting the power offered by modern biology. How a cell interactsnodification, and the production ofisoprenoids, peptides, and polyketides.
with and influences its environment, how a production organism i®rerequisites: 250, 355 or equivalent.
optimized, what technology is used for large scale production, how 3 units, not given 2001-02
products are isolated and purified, how proteins can be made without
living cells, how a biopharmaceutical is formulated and delivered, and59. Frontiers in Interdisciplinary Biosciences—(Cross-listed in
what the regulatory requirements are for drug approval and sale. Preraquiltiple departments in the schools of Humanities and Sciences, Engi-
uisite: 350 or Biological Sciences 42, or equivalent. neering, and Medicine; students should enroll directly through their
3 units, Spr (Swartz) affiliated department if listed, otherwise enroll in ChE 459.) Anintroduc-
tion to cutting-edge research involving interdisciplinary approaches to
440. Colloid and Interface Science—The fundamental physics and bioscience and biotechnology; for specialists and non-specialists. Orga-
chemistry of the solid-liquid interface. The intermolecular, electrostaticnized and sponsored by the Stanford BioX Program. Three seminars each
van der Waals, polymeric, and solvation forces governing colloidadjuarter address a broad set of scientific and technical themes related to
behavior. Surface phenomena (wetting, spreading of thin films, anithterdisciplinary approaches to important issues in bioengineering, med-
adsorption of macromolecules). Association colloids (micelles and micine, and the chemical, physical, and biological sciences. Leading
croemulsions). Colloidal phase behavior and aggregation. investigators from Stanford and throughout the world present the latest
3 units, not given 2001-02 breakthroughs and endeavors that cut broadly across many core disci-
plines. Pre-seminars introduce basic concepts and provide background
442. Structure and Reactivity of Solid Surfaces—The structure of  for non-experts. Registered students attend all pre-seminars in advance
solid surfaces, including a description of experimental methods fosf the primary seminars, others welcome. Prerequisite: keen interest in
determining the structures of single crystal surfaces. The adsorption @l of science, engineering, and medicine with particular interest in life
molecules on these surfaces, e.g., the thermodynamics of adsorptigself. Recommended: basic knowledge of mathematics, biology, chem-
processes, surface diffusion, and the molecular structure of the adsggtry, and physics.
bates. Surface mediated reactions, i.e., heterogeneous catalysis, includ-1 unit, Aut, Win, Spr (Robertson)
ing descriptions of catalytic mechanisms and surface kinetics.
3 units, not given 2001-02 460. Polymer Surfaces and Interfaces—The principles of polymer
physics in the context of developing an understanding of polymer
444A. Quantum Simulations of Molecules and Materials—Mole-  surfaces and interfaces, critical to technological applications in lubrica-
cules and surfaces: quantum atomistic simulations of molecules amidn, adhesion, polymer phase behavior, and biocompatibility. Treat-
surfaces to predict atomic structure, properties, reaction mechanismsents of intermolecular forces; conformational statistics of macromo-
and kinetics. Review of quantum mechanics. Electronic structure calcilecular structure; models for polymer dynamics; tethering of polymers at
lations: Hartree Fock, configuration interaction, many body perturbatioa variety of different interfaces; techniques for chemical modification of
theory, and density functional theory. Property calculations: energyurfaces; methods for physical characterization of polymer surfaces and
forces, structure, and electronic and vibrational spectra. Applications iaterfaces.
semiconductor processing, surface science, biochemistry, catalysis, poly- 3 units (Frank) alternate years, given 2002-03
mers, environmental chemistry, and combustion. Prerequisite: under-
graduate level quantum mechanics.
3 units, Win (Musgrave)



462. Dynamics of Complex Liquids—The connection between the
microstructural dynamics of complex liquids and their rheology, i.e.,
stress-strain rate relationship, developed sequentially from non-Brown-
ian suspensions, to colloidal suspensions, to polymer solutions and
melts. The fundamental concepts of rheology, the origins of stress in
complex liquids, how Brownian motion can create stress, and how
rheometric measurements can elucidate stress producing mechanisms in
complex fluids. A spectrum of microstructural and molecular models are
examined including those for dilute and concentrated polymer solutions
and melts, and, if time permits, liquid crystals and surfactants. Prerequi-
sites: 300, 310A.

3 units, Spr (Shaqgfeh) alternate years, not given 2002-03

500-512. Special Topics in Chemical Engineering—Discussion of
recent developments and current research in specialized fields. Units by
arrangement. Prerequisite: graduate standing and consent of instructor.

Aut, Win, Spr

500A,B,C,D. Protein Biotechnology
(Swartz)

501A,B,C,D. Semiconductor Processing
(Bent)

502A,B,C,D. Computational Materials Science
(Musgrave)

503A,B,C,D. Biocatalysis
(Khosla)

504A,B,C,D. Bioengineering
(Robertson)

505A,B,C,D. Microrheology
(Fuller)

506A,B,C,D. Surfaceand I nter face Science
(Madix)

507A,B,C,D. Polymer Physicsand M olecular Assemblies
(Frank)

509A,B,C,D. Statistical M echanics of Disper sed Systems
(Gast)

510A,B,C,D. Transport M echanics
(Shagfeh)

512A,B,C,D. Functional Genomics
(Kao)

600. Graduate Resear ch in Chemical Engineering—Laboratory and
theoretical work for graduate students on chemical engineering problems
leading to partial fulfillment of requirements for an advanced degree.
Credit is given after the student has satisfied the specific report or
dissertation requirement.

(Staff)

699. Colloquium—Weekly lectures by experts from academia and
industry in the field of chemical engineering. (AU)
1 unit, Aut, Win, Spr (Staff)

Thisfile has been excerpted from the Stanford Bulletin, 2001-02,
pages122-126. Every effort hasbeen madeto ensureaccuracy; late
changes(after print publication of thebulletin) may havebeen made
here. Contact the editor of the Stanford Bulletin via email at
arod@stanford.edu with changes, corrections, updates, etc.
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