912.  Advanced Chemical Engineering
Thermodynamics 11

Spring of even-numbered years. 3{3-0}
Approval of department.

Relation of thermodynamies to quanturn theory
and statistical mechanics, Computation of chem-
ical engineering thermodynamic data from
spectral measurements. Irreversible ther-
modynamics,

918.  Adtanced Chemical Reaction
Engineering I1

Fall of odd-numbered yeurs. 3(3-0)
Approval of department.

Quantitative treatment of current literature in
chemical kinetics and reaction engineering,

999, Doctoral Dissertation Research
Fall, Winter, Spring, Summer. Vari-
able credit, Approval of department.

CHEMISTRY CEM

College of Natural Science

Credit cannot be earned in more than one
course of each of the following groups: 1414 and
141B and 151; 143, 241, and 351; 142 and 153;
242 and 352, 243 and 354; 244 and 355; 245 and
353; 361 and 383; 363 and 3853; 384 and 451; 394
and 472,

With department approval, students with ad-
vanced placement credit in CEM 151 and 161
may enroll in CEM 181H and 184H. Those with
advanced placement credit in CEM 132 may
enroll in CEM 182H, and those with advanced
placement credit in CEM 153 may enroll in
CEM 183H. CEM 181-182-183 is a more ad-
vanced treatment of material in CEM 151-152-
153. CEM 184-185-186 is a more advanced
treatment of material in CEM 161-162-163. Stu-
dents with credit in an honors chemistry course
may not coroll in the corresponding nonhonors
course.

139.  Selected Topics in Infroductory
Chemistry

Fall, Winter, Spring, Summer. 1 to 3
credits. May reenroll for ¢ maximum of 7 cred-
its. Presious college chemistry, approval of de-
partment.

Self-instructional units from CEM 140, CEM
141A, CEM 1418 (or equivalent} selected and
approved by the department for individual stu-
dents with special needs.

140. Introductory Chemistry

Fall, Winter, Spring, Summer. 2 cred-
its. Self-scheduled instruction only. MTH 108 or
MTH I11 or concurrently.
Chemical symbols, formulas, equations,
stoichiometry, structure of atoms, bonding,
states of matter, solutions.

141A. Chemical Principles

{141.) Fall, Winter, Spring, Summer,
Fall 4{4-0); Winter, Spring, Summer: 4 credits.
Self-scheduled instruction only. MTH 108 or
MTH 111 or concurrently; CEM 140 or satisfac-
tory chemistry placement test score.
Chemical principles for students in the physical
sciences and engineering.

I141IB. Chemical Principles

Fall, Winter, Spring, Summer. Fell
4{4-0); Winter, Spring, Summer; 4 credits. Self-
scheduled instruction only, MTH 108 or MTH
111 or concurrently; CEM 140 or satisfactory
chemistry placement test score,
Chemical principles for students in biological,
health-related, and agricultural disciplines.

142, Descriptive Inorganic Chemistry
Winter, Spring. 3(3-0) CEM 14]A or

CEM 141B or CEM 152

Reactions and behavior of inorganic compounds

illustrated in part by industrial and environmen-

tal applications.

143. Introductory Organic Chemisiry

(132.) Fall, Spring, Summer. 4(3-3)
CEM I4]A or CEM 141B or CEM 152.
Chemistry of carhon compounds, introducing
the aliphatic and aromatic hydrocarbon series.
Some bvpical compounds are prepared and their
behavior studied.

151.  Principles of Chemistry I

Fell, Winter. 4(4-0) MTH 108 or MTH
111 or concurrently; CEM 140 or satisfactory
chemistry placement test score.
First of a 3-term sequence for science majors,
chemicnl engineering students, and others de-
siring a comprehensive general chemistry se-
quence. Atomic and molecular structure;
stoichiometry; solids, liquids, and gases; solu-
tions.
152.  Principles of Chemistry 11
Winter, Spring. 3(3-0) MTH 112 or
concurrently; CEM 151 or CEM 141A or CEM
1418 or CEM 181H.
Continuation of CEM 151, Chemical ther-
modynamics; kinetics, acids, bases, and arque-
ous equilibria; electrochemistry.

153.  Introductory Inorganic
Chemistry
Fall, Spring. 3(3-0) CEM 152 or CEM
152H.
Continuation of CEM 152, Descriptive inor-
ganic chemistry with further diseussion of bond-
ing.

161.  Introductory Chemistry
Laboratory
Fell, Winter, Spring, Summer, 1(0-3)
CEM 140 or CEM 141A or CEM 141B or CEM
151 or concurrently.
Laboratory work in chemistry, including quan-
titative physiochemical or analytical experi-
ments and chemical synthesis.

162, Quantitative Analysis

Fall, Winter, Spring, Summer. 3(1-6)
CEM 141A or CEM 141B or CEM 151 or CEM
181H; CEM 161 or CEM 184H.

Laboratory work in quantitative chemistry.

163. Introductory Inorganic
Laboratory
Spring, 2(0-6) CEM 142 or CEM 1533 or
concurrently; CEM 161,

Qualitalive analysis and inorganic preparations,

181H. Honors Chemistry I-Principles
Fall. 4{4-0}) An A acerage in high
school chemistry, physics and mathematics;
MTH 112 or MTH 122 concurrently. Results of
examination during orientation; approval of
department.
Subatomic, atomic and molecular structure,
quantum theory and bonding; experimental
methods of structure determination; states of
matter; nuclear chemistry.

182H. Honors Chemistry HH-Principles
Winter, 4(4-0) CEM 181H with grade
of 3.0 or better andior approval of department.
MTH 113 or MTH 123 concurrently.
Kinetic theory of gases, thermodynamics, chem-
ical equilibrimm, electrochenistry, chemical ki-
netics, properties of solutions, macromolecular
chemistry.

Chemistry — Descriptions
of
Courses

183H. Honors Chemistry IlI-Inorganic

Chemistry

Spring, 3(3-0) CEM 182H with grade
of 3.0 or better andior approval of department.
Descriptive inorganic chemistry hy periodiec
groups of elements. Nomenclature, bonding,
sterochemistry, und reactions of compounds of
the representative and transition elements.

184H. Honors Chemistry Laboratory 1
Fall. 1(0-3) CEM 181H concurrently;

approcal of department,

Technigques of measurement; errors and signifi-

cant figures; experiments related to atomnic and
molecular shucture.

185H. Honors Chemistry Laboratory I1

Winter. 20-6) CEM 184H; CEM 152H
concurrently; approval of department.
Experiments related to gas behavior, ther-
modynamics, electro-chemistry, chemical kinet-
ics and properties of solutions.

186H. Honors Chemistry Laboratory

Spring. 2(0-6) Approval of depart-
ment.
Introductory independent laboratory work in
chemistry.

241, Organic Chemisiry

Fall, Winter, Summer. 44-0) CEM
14]A or CEM I141B or CEM 152 or CEM 181H;
CEM 161 or CEM 184H.
Common classes of organic compounds with
emphasis on nomenclature, structural princi-
ples, reactions and reaction mechanisms.

242. Organic Chemistry

Winter, Spring, Summer. #4-0) CEM
241,
Continuation of CEM 241 with emphasis on
polyfunctional compounds, particularly groups
of compounds having biological significance.
243.  Organic Chemistry Laboratory
Fali, Winter, Summer. 1{0-2) CEM 241
or concurrently.
Introduction to standard organic laboratory
techniques.

244.  Organic Chemistry Laboratory
Winter, Spring, Summer. 1(0-3) CEM
241, CEM 243, CEM 242 concurrently.
Organic preparations and qualitative analysis.
245, Organic Chentistry
Fall, Spring. 4(4-0) CEM 242.
Selected topics of organic chemistry, especially
compounds of biclogical interest, discussed
with  emphasis  on  mechanisms  and
stercochemistry. Topics include polymers,
amino acids, proteins, sugars, terpenes, steroids,
and alkaloids.

333. Instrumental Methods

Spring. 42-6) CEM 143 or CEM 241 or
CEM 351; CEM 162,
Principles, applications of separation and in-
strumental analvsis. Atomic emission, absorp-
tion, fluaresence spectrometry; UV, visible, TR
spectrophotometry; molecular fluoresence; gas
and other chromotography; clectro-analytical
chemistry; electrophoresis; radiochemistry,

351. Organic Chemisiry

Fall. 3(¢-0) CEM 132 or CEM [82H.
A comprehensive introduction to the fundamen-
tals of organic chemistry designed for chemistry
majors but epen to others who desire a rigorous,
modern treatment of the subject.
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Descriptions — Chemistry

of
Courses
352. Organic Chemistry

Winter, 3(4-0) CEM 351.
Continuation of CEM 351,

3533.  Organic Chemistry
Spring. 3(4-0) CEM 352.

Continuation of CEM 352,

354. Organic Chemistry Laboratory

Winter. 2(0-6) CEM 162 or CEM 18511,
CEM 351

A laboratory course in modem techniques of
organic chemistry, including qualitative organic
analvsis.

355.  Organic Chemistry Laboratory
Spring. 2(0-6) CEM 352, CEM 354.
Continuation of CEM 354.

350. Organic Chemistry Laboratory
Fall. 2(0-6) CEM 355.
Continuation of CEM 355.

Chemical Thermodynamics
Fall, 3{4-0) One year general chemis-
try; one year general physics; MTH 215.
Thermaodynamics. Properties of gases. Laws of
thermodynamics, properties of ideal and non-
ideal solutions, thermedynamics of chemical
reactions, activities in non-ionic systems.

361,

362. Analytical-Physical Chemistry I
Winter. 3(4-0) CEM 361.

Applications of thermaedynamics. Activity coef-

ficients, ionic solutions, cell potentials, ionic

cquilibria including acid-base, complexation,

solubility and redox equilibria, phase equilib-

ria, distillation, extraction, chromatography.

363.  Analytical-Physical Chemistry I1
Spring. 3(4-0) CEM 362,

Chemical kinetics. Homogeneous kinetics, reac-

tion mechanisms, temperature dependence of

reaction rates, transport process, hcterugencous

kinctics, electrode kinetics, X-ray diffraction,

crystal structure.

372, Analytical-Physical Chemistry
Laboratory 1
Winter. 2(1-3) CEM 162; CEM 383, or
CEM 361.
Measurement techniyues. Temperature meas-
urement and control, pressure, caloimetry, pH,
acid-base titrations, cell potentials, treatment of
data.
373.  Analytical-Physical Chemistry
Laboratory 11
Spring. 2(1-3) CEM 372.
Instrumental measurements. Electrode poten-
tials, chromatography, spectrophotometry, elec-
trolytic conductance, solution kineties,
383.  Physical Chemistry:
Introductory
Fall, Summer. 3(4-0) CEM 143 or CEM
241 or CEM 351; MTH 113.
Classical and chemical thermodynamics. Intro-
duction te the laws and their applications in
treating chemical reactions, pure substances,
ideal and non-ideal mixtures, and colligative
properties.
384.  Physical Chemistry:
Introductory
Spring. 3(4-0) CEM 383.
Atomic and molecular structure. Atomic and
molecular orbitals and chemical bonding. Rota-
tional, vibrational and electronic speetra, nu-
clear magnetic resonance and electron spin res-
onance,
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385.  Physicel Chemistry:
Introductory
Winter, 3(4-0) CEM 383,
Electrochemistry und electromotive force,
Chemical kineties. Macromolecules and
biochemical systems. Nuclear chemistry.

394. Spectroscopy Laboratory

Spring. 2(1-3) CEM 384 or CEM 461.
Laboratery work in electronic, vibrational, and
rotational spectroscopy, mass spectrometry, nu-
clear and electron spin resonance, dipole mo-
ments and magnetic susceptibility.

400H. Honors Work

Fall, Winter, Spring, Summer. Vari-
able credit. Seniors, approvel of department.
Assigned reading and investigation in chemistry
under the supervision of the staff. The program
will include some creative work.

411. Inorganic Chemistry I

Fuall. 3(3-0) CEM 385 or CEM 363.
Principles of structure and bonding in inorganic
chemistry, erystal svmmetry, coordination
chemistry, solvent systems, hydrogen honding
and selected examples from the chemistry of
various elements.

412, Inorganic Chemistry 11
Winter. 3(3-0) CEM 411.

Inorganic chemistry viewed in a variety of
cxamiples of reactions, structure, mechanisms,
cte., from representative main group elements
and transition elements.

419, Problems and Reports

Fall, Winter, Spring, Summer. 2 to 8
credits,

430. Introduction to Radioactivity
and Radioisotope Techniques
Spring, Summer. 2(3-0) or 3(3-0) One
year each of general college chemistry and
physics. Interdepartmental with and adminis-
tered by Physics,
First 7 weeks. Elementary nuclear processes
and properties with emphasis on radioactivity,
its measureme.-+, and its interaction with mutter.
Effects of radiatic on chemical and biological
systems. Applications of nuclear technology,
safety and environmental factors. Fast 3
weeks. Fundamentals of nuclear models, reac-
tions and decay mechanisms. Basic principles of
nuclear reactors and accelerators.
431.  Laboratory for Radivactivity
and Radivisotope Techniques
Spring, Summer. 1{0-3) CEM 161, PHY
430, concurrently. CEM 162 recommended. In-
terdepartmental with and administered by
Physics.
Introduction to nuclear instrementation. Exper-
imental techniques for application of
radioisotopes to problems in chemistry, the life
sciences, and industry.

461, Theoretical Chemistry [

Fall. 3(4-0) One year general chemis-
try; one yeer general physics; MTH 215,
Quantum chemistry. Wave properties, postu-
lates of quantum mechanics, hyrdodgen atom,
helium atom, orbital theories, ionic bonds, sim-
ple molecules, valence-bond and malecular-
arbital theories, camplex molecules, introduc-
tion to spectra.

462, Theoretical Chemistry I
Winter. 3(4-0) CEM 361, CEM 461.

Spectroscopy and molecular structure. Elec-
tronic, infrared, Raman, and microwave spec-
troscopy, magnetic susceptibility and magnetic
resonance, statistical mechanics, statistical
thermodynamics, kinetic theary of gases, abso-
lute rate theory.

471.  Analytical-Physical Chemistry

Laboratory HI

Fall. 2(0-6) CEM 363, CEM 373.
Kinetics, operational amplifiers, polarography,
coulometry, electrochemical kinetics, stopped-
flow kinetics, digital measurements, neutron ac-
tivation,

472.  Analytical-Physical Chenvistry

Laboratory IV

Winter. 2(0-6) CEM 461, CEM 471,
Molecular properties. Mass spectrometry, nu-
clear and electron spin resonance spectroscopy,
infrared spectroscopy, dipole moments, mag-
netic susceptibility, gaseous decomposition ki-
netics.

484.  Modern Physical Chemistry
Spring. 3(3-0) May reenroll fur a

maxitnum of 6 credits if a different topic is

taken, CEM 462

Topics may be selected fram the following:

physical properties and structure, molecular

structure, spectroscopy, theory of solutions.

499, Seminar on Chemical Physics

Fall, Winter, Spring. 1{1-0) May reen-
roll for a maximum of 3 credits. One year of
analytical-physical chemistry. MTH 215, PHY
428,

Literature of chemical physics through oral re-
ports on selected journal articles in the areu.

810.  Advanced Inorganic Chemistry

Fall. 3(3-0) Approval of department.
Structure, bouding, and reactivity patterns of
inorganic compounds, with emphasis on non-
metallic elements and reactions in nonaqueous
media.

811, Symmetry, Group and MQ
Theory
Winter, 3(3-0) Approval of depart-
ment.

Applications of group and molecular orbital
theory to chemical bonding, structure and reac-
tions,
813.  Advanced Inorganic
Chemistry-Metals

Spring, 3(3-0) CEM 811.

Centinuation of CEM 811 with emphasis on the
structure and chemistry of the metals.

830.  Nuclear and Radiochemistry

Winter, 3(3-0) Approval of depart-
ment.
Chemistry of production, isolation and identifi-
cation of radionuclides and their uses in chemi-
cal research.

833.  Analytical Spectroscopy

Spring. 3(3-0) Appreval of depart-
ment.

834.  Advanced Analytical Chemistry
Fall. 3(3-0) Approval of department.

Consideration of principles and equilibria per-
tuining to agqueous and non-aqueous neutraliza-
tion, redox and complexation reactions and the
various separation techniques employed in
analyscs.

835. Spectrochemical Methods of
Analysis
Winter. 3(2-4) Approvel of depart-
ment.

Principles and applications of atomic absorp-
tion, emission, fluorescence; arc and spark
emission spectroscopy; UV, visible, IR spec-
trophotometry; spectrophotometric titrations;
reaction rate methods; molecular fluorescence,
phosphorescence spectrometry; other optical
spectremetric methods.



836. Separations

Spring of odd-numbered yeurs. 3(3-0)
Approval of department,
Physical and chemical methods of separation.

837.  Electroanalytical Chemistry
Spring of even-numbered years. 3(3-0)
Approval of department.
Theory and applications of modern elec-
troanalytical chemistry to chemical and biomed-
ical problems. Coulometry, electrometric titra-
Hons, ion-selective voltammetry; electrochemi-
cal synthesis and preparation of species for
spectroscopy; trace analysis.
838.  Scientific Instrumentation
Fall, Spring, Summer. 2(1-3) to 4(2-6}
May reenroll for a maximum of 10 credits. Ap-
proval of department.
Scientific measurements. Principles and appli-
catiens of servo systems, operational amplifiers,
linear and digital solid state devices, analog,
digital and hyhbrid instrementation systems, and
minicomputers for scientific measurements,

844. Structural Elucidation by

Instrumental Methods

Fall. 3(3-0) Approval of department.
A practical instrumental analysis course with
the major emphasis on the interpretation of data
rather than a detailed description of the in-
strumentation. The fundamental principles be-
hind the various measurements will be dis-
cussed in a general way, and important instru-
mental limitations will be roted.

860.  Organic Reactions: A

Mechanistic Approach

Fall, 3(3-0) CEM 353; CEM 462 or ap-
proval of depariment.
Organic reactions are presented in a mechanis-
tic framework. Reactions which proceed via
carboncations, carbanions, free radicals, car-
benes, arynes and other reactive intermediates,
and cancerted reactions are included.
861. Structure of Organic
Compounds .
Winter. 3(3-0) CEM 860 or approval of
department.
Structural and stereochemical principles will be
developed and illustrated. Spectroscopic data
will be used to illustrate the principles and to
determine structure, with an emphasis on nu-
clear magnetic resonance spectroscopy.
862.  Advanced Synthetic Organic
Chemistry
Spring. 3(3-0) CEM 860 or approval of
department.
The strategy and methods of organic synthesis
will be discussed.
880.  Atomic and Molecular Structure
Fall. 3(3-0) CEM 462 or approval of
department.
Basic concepts of non-relativistic quantum me-
chanics will be developed and employed in a
description of atomic and molecular structure.
§81.  Thermodynamics
Winter. 3(3-0) Approval of depart-
ment,
Laws of thermodynamics and their application
to pure substances and solutions.

883.  Chemical Kinetics
Spring. 3(3-0) CEM 880.
Rates and mechanisms of chemical reactions,

reaction rate theory, kinetic theory of gases,
photochemistry.

Civil and Sanitary Engineering - Descriptions

890.  Graduate Problems and Reports

Fall, Winter, Spring, Summer. Vari-
able credit. May reenroll for a maximum of 12
credits, Approval of department.

Master's Thesis Research

Fall, Winter, Spring, Summer. Vari-
able credit. Approval of department.

Research in inorganic, analytical, organic, and
physical chemistry.

913.

599,

Selected Topics in Inorganic
Chemistry

Fell, Spring, 3(3-0) May reenroll for a
maximum of 9 credits if different topic is taken.
Rare earth elements, recent advances in the
chemistry of metals or nonmetals, high-
temperature chemistry, Coordination chemistry
and nonagueous solvents.

918. Seminar in Inorganic Chemistry
Fall, Winter, Spring. 1(2-0} May reen-
roll for @ maximum of 3 credits.

Discussions of recent advances and reports by
graduate students on research problems.

924. Selected Topics in Analytical
Chemistry
Fall, Winter, Spring. 3}3-0) or 2(2-0)
May reenroll for @ maximum of 9 credits if dif-
ferent topic is taken.
Among topics which may be discussed are: ad-
vances in clectroanalytical chemistry or spec-
troscopy; nonaqueous solvents, complexation
equilibria; surface chemistry; analytical chemis-
try of polymers.
938. Seminar in Analytical Chemistry
Fall, Winter, Spring. I{1-0) May reen-
roll for ¢ maximum of 3 credits.
Discussions of recent advances and reparts by
graduate students on research problems.
956.  Selected Topics in Organic
Chemistry
Fall, Winter, Spring. 2(2-0) or 3(3-0)
May reenvoll for a maximum of 12 credits if
different topic is taken. Approval of depart-
ment,
Topics may be selected from heterocyelic
chemistry, natural products, free radicals, car-
bonium ions, organic sulfur or nitrogen com-
pourds, acidity functions, isotope effects,
photochemistry and others.

958,  Seminar in Organic Chemistry
Fall, Winter, Spring. 1(2-0) May reen-
roll for a maximum of 3 credits.
Discussions of recent advances and reports by
graduate students on research problems.
985.  Statistical Thermodynamics
Winter of even-numbered years.
Spring. 3(3-0) May reenroll for a maximum of 9
eredits if different topic is taken. Approval of
deparfment.
Partition functions, spectroscopic meas-
urements and thermodynamic applications.
Nonequilibrium statistical mechanics and ther-
modynamics. Time correlation functions and
spectroscopic lineshapes, light scattering, and
magnetic relaxation. Transport properties of
fluids and gases.
987.  Selected Topics in Physical
Chemistry
Fall, Winter. 3(3-0) May reenroll fora
maximum of 9 credits if different topic is taken.
Approval of department.
Mathematical preparation for quantum chemis-
try. Selected topics as: kinetics and photo-
chemistry, macromolecular and surface chemis-
try, molecular spectroscopy, electro and mag-
netic properties of matter, application of statisti-
cal mechanics to chemical problems.

of
Courses

Selected Topics in Physical
Chemistry

Winter, Spring. 3(3-0) May reenroll for
a maximum of 9 credits if different topic is
taken. Approvel of department.

Topics may be chosen from analysis and in-
terpretation of the spectra of molecules, ad-
vanced molecular structure, magnetic reso-
nance, spectroscopy, X-rays and crystal strue-
ture, statistical mechanies.

988.

991.  Selected Topics in Quanium
Chemistry
Fall, Winter. 3(3-0) May reenvoll for e
maximum of 9 credits if different topic is taken.
Approval of departmeni.
Principles of quantum mechanics and applica-
tion to chemical problems. Selected topics from
spectroscopy, properties of atoms and molecules
in electric and magnetic fields, and theories of
molecular electronic structure,

998, Seminar in Physical Chemistry
Fall, Winter, Spring. 1{1-0) May reen-

roll for a maximum of 3 credits.

Discussions of recent advances and reports by

graduate students on research problems,

999.  Doctoral Dissertation Research

Fall, Winter, Spring, Summer, Varible

credit. Approval of department.

Research in analytical, inorganic, organic, and

physical chemistry.

CHINESE

See Linguistics and Germanic, Slavie, Asian and
African Languages,

CIVIL AND
SANITARY ENGINEERING

College of Engineering

Civil Engineering CE

251.  Elemenlary Surveying

Fall, Spring. 4(3-3) Not open to majors.
Use of the tape, compass, level, and transit with
simple maps; traverse closure and area compu-
tations. Profile, cross section and stadia surveys,
U.S. land system.
252, Surveying 1
Fall, Spring. 5(4-3) Engineering
majors or approval of department.
Instruments, theory of measurements, error
analysis, stadia, horizonta! and vertical curves,
U8, Public Land Svstem, observation for merid-
ian.
280, Introduction fo Environmental
Engineering
Fall, Winter, Spring. 4(4-0) CEM 141,
or CEM 131, MTH 112, CPS 120,
Hydrelogy; ground water and surface water
suppli/ systems; wastewater treatment, methods
of pollution contral for solid waste, air, and
noise.
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