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Course Syllabus

Physical Chemistry I

CHEM 320

I.
Introductory Information

A.
Department:


Chemistry

B.
Catalog Number:

CHEM 320

C.
Course Title:

Physical Chemistry I

D.
Credits:


4

E.
Clock Hours/Week:

6 (3 hours lecture, 3 hours laboratory)

F.
Overlays


None

G.
Prerequisites:
CHEM 220, MATH 141, PHYS 130 or PHYS 170.  Pre or Co requisite CHEM 316, and PHYS 131 or PHYS 171.

II.  Course Description

A. Catalog Description:

A study of the content and transfer of energy in physical and chemical reactions. The laws of thermodynamics, and the concepts of work, enthalpy, entropy, and free energy are defined and given a detailed quantitative treatment.  The course also provides a detailed introduction to the topics of kinetics and reaction dynamics.  The laboratory portion of the course is designed to provide students experience with a broad range of the topics covered during the course.

B. Comprehensive Description:

The content of this course relates to standards of the Interstate New Teacher Assessment and Support Consortium (INTASC) Standards.  The course addresses Unit Standard One: Subject Matter- “The teacher understands the central concepts, tools of inquiry, and structures of the discipline(s) he or she teaches and can create learning experiences that make these aspects of the subject matter meaningful for students.”

Pennsylvania Department of Education (PDE) Standards related to this course include:

I.A.  Basic principles of mathematics and physics as they relate to chemistry, including:

· relationships between matter and energy,

· Physical parameters, units and dimensional analysis,

· states of matter, 

· gas laws and the kinetic-molecular theory 

 

 

I.D.  Chemical concepts, including: 

· mixtures, solutions, solubility, and chemical equilibrium 

  

I.G.  Thermodynamics and kinetics of chemical reactions including:

· laws of thermodynamics,

· chemical equilibrium,

· chemical kinetics

 

I.H.  Extensive laboratory activities including:

· reinforcement or extension of chemical theory, 

· experimental design, data collection, analysis and interpretation, 

· methods of preparation, use, storage and disposal of reagents conforming to state 

  and federal regulations,

· laboratory safety

 

I.I.  Historical and contemporary issues including:

· history of chemistry,

· risk benefit trade-offs
Components of this course are used to fulfill parts of the National Science Teachers Association (NSTA) Standards 1.0 Content, 2.0 Nature of Science, and 3.0 Inquiry.

The content of this course also relates to guidelines of the American Chemical Society’s Committee on Professional Training.  The content of this course builds upon core courses that cover descriptive chemistry, chemical bonding and structure, and organic chemical reactions and mechanisms.

This course is required for students majoring in Chemistry and Chemistry/Secondary Education.  Elective for students majoring in interdisciplinary Biology/Chemistry.

III.
Exposition

A. Objectives:

Upon completion of the course, students will be able to do the following:

1.
Understand the historical development of the field of physical chemistry.

2.
Understand and be able to manipulate the standard thermodynamic functions.

3.
Apply the standard thermodynamic functions, especially Gibbs Free energy to chemical and phase equilibria.

4. Apply the Gibbs’ Phase rule to the understanding and interpretation of phase diagrams.

5. Understand the tenets of the Kinetic Molecular Theory.

6. Apply the principles of basic thermodynamics to non-ideal systems, especially gases.

7. Understand and manipulate both differential and integral rate expressions, with an emphasis on their applications to multi step reaction mechanisms.

B. Activities and Requirements:

1.
The history of physical chemistry will be presented in conjunction with each topic during the course of the semester.  Students will be assessed on objective III.A.1 through the inclusion of historical questions on quizzes and exams.

2.
Lecture material will present the laws of thermodynamics and the standard thermodynamics functions.  Laboratory activities will require that students demonstrate proficiency in the measurement and manipulation of the thermodynamic functions mentioned in III.A.2.  Students will be assessed on objective III.A.2 through the use of homework, quizzes, examinations, and laboratory reports.

3.
Lecture material will present the application of the thermodynamic functions to the equilibrium systems mentioned in III.A.3.  Laboratory activities will require that students demonstrate proficiency in analyzing the equilibrium systems described in III.A.3.  .  Students will be assessed on objective III.A.3 through the use of homework, quizzes, examinations, and laboratory reports.

4.
 Lecture material will present Gibbs’ phase rule and the laboratory activities will require that students demonstrate knowledge of the application of the rule to the construction of the phase diagram for a multi-component system.  Students will be assessed on objective III.A.4 through the use of homework, quizzes, examinations, and laboratory reports.

5.
Lecture material will present the tenets of the kinetic molecular theory of gases.  Laboratory  activities will require that students demonstrate proficiency in the measurement of properties of gases related to objective III.A.5.  .  Students will be assessed on objective III.A.5 through the use of homework, quizzes, examinations, and laboratory reports.

6.
Lecture material will present the thermodynamics of non-ideal systems.  Students will be assessed on objective III.A.6 through the use of homework, quizzes, and examinations.

7.
Lecture materials will introduce the methods used to determine the kinetics of chemical reactions.  Laboratory activities will require that students demonstrate the ability to determine the reaction rate law for a chemical system.  Students will be assessed on objective III.A.6 through the use of homework, quizzes, examinations, and laboratory reports.

The students will attend all lectures and laboratories.  Lectures will consist of approximately equal time devoted to presentation of new material, discussion of course topics, and problem solving.  Students will complete all assignments and examinations/quizzes.  In the laboratory, students will record and organize data, analyze data (including graphical analysis) and write formal laboratory reports.  Laboratory activities will consist of approximately equal time devoted to individual experimentation and small group activities.  Each student will also be expected to present a detailed experimental protocol to their peers at least once during the semester.

C. Major Units and Time Allotted:

1.
Lecture Units

The following units have subheadings that are representative of but not limited to the information to be covered.

a.
Unit 1- Gases






(8 hours)


Gas laws and equations of state


Kinetic molecular theory of gases



Molecular collisions



Maxwell distribution of molecular speeds and translational energies


Real gases



Equations of state



Law of corresponding states



The virial equation

b.
Unit 2- First Law of Thermodynamics



(6 hours)


Origins 


States and state functions


Energy, heat, and work


Thermochemistry


Ideal gases


Real gases

c.
Unit 3- Second and Third Laws of Thermodynamics

(6 hours)


Entropy



Carnot and other cyclic processes



Irreversibility


Absolute entropies and the third law of thermodynamics


Spontaneity and equilibrium



Gibbs free energy



Maxwell’s relationships

d.
Unit 4- Chemical Equilibrium




(5 hours)


Ideal gases


Real gases


Solutions


Tests for equilibrium


Temperature dependence of equilibrium


Pressure dependence of equilibrium

e.
Unit 5- Phase Behavior and Solutions



(6 hours)


Recognition of Phases


Vaporization and Vapor Pressure


Solutions



Raoult’s law



Henry’s law


Partial Molar Thermodynamic Properties



Partial molar volume



Chemical potential


Colligative properties

f.
Unit 6- Phase Equilibria and Phase Diagrams 


(6 hours)


Gibbs’ phase rule


One component systems


Binary Systems



Vapor containing systems



Condensed systems



Thermal analysis

g.
Unit 7- Chemical Kinetics




(8 hours)


Reaction rates


Rate equations


Molecular kinetics


Temperature dependence



Arrhenius equation



Activation energy


Reaction Mechanisms



Types of and evidence for complex mechanisms



Enzyme reactions



Free-radical reactions



Photochemical reactions


Steady state analysis


Equilibrium analysis


2.
Laboratory Units

The following units are representative of but not limited to the experiments to be covered during the semester.


a.
Unit 1- Understanding Experimental Uncertainties

(6 hours)


b.
Unit 2-Physical Properties of Chemical Systems


(12 hours)


c.
Unit 3- Thermochemistry





(12 hours)


d.
Unit 4- Phase behavior and phase diagrams


(6 hours)


e.
Unit 5- Chemical Kinetics




(6 hours)

D. Materials and Bibliography:

1.
Suggested textbooks:
Laidler, Keith J., Meiser, John H., and Sanctuary, Bryan C., Physical Chemistry, 4th Edition, Houghton Mifflin, New York, NY, 2003.

Ball, David W., Physical Chemistry, Thomson Brooks/Cole, Pacific Grove, CA, 2003.

Atkins, Peter, and de Paula, Julio, Physical Chemistry, 7th Edition, W.H. Freeman, New York, NY, 2002.

Halpern, Arthur M., Experimental Physical Chemistry, a Laboratory Textbook, 2nd Edition, Prentice Hall, Upper Saddle River, NJ, (1997)


2.
Bibliographic support:



Books

Lecture

McQuarrie, Donald A., and Simon, John D., Physical Chemistry, a Molecular Approach, University Science Books, Sausalito, CA, 1997.

Francl, Michelle, Survival Guide for Physical Chemistry, Physics Curriculum and Instruction, Lakeville, MN, 2001.

Mortimer, Robert G., Mathematics for Physical Chemistry, Academic Press, San Diego, CA, 1999.

Barrante, James R., Applied Mathematics for Physical Chemistry, 2nd Edition, Prentice Hall, Upper Saddle River, NJ, 1998.

Laboratory

Shoemaker, David P., Garland, Carl W., and Nibler, Joseph W., Experiments in Physical Chemistry, 6th Edition, McGraw Hill, New York, NY, 1996.

Sime, Rodney J., Physical Chemistry, Methods, Techniques, Experiments, Saunders College Publishing, Philadelphia, PA, 1990.

Journals

Journal of Physical Chemistry A & B

Journal of the American Chemical Society

Journal of Chemical Education

Chemical Reviews

Nature

Science

Proceedings of the National Academy of Sciences

IV.
Standards:

Grades will be awarded in a manner consistent with University policy, and will be based upon student demonstration of a mastery of the course material through the following criteria.

A. Lecture:

Examinations

Quizzes


Homework/Assignments

B. Laboratory:

Formal reports

Evaluation of laboratory techniques

Laboratory practical examination

Assessment: Homework/assignments will be used to assess objective 1 in section IIIA.  Examinations, quizzes and homework/assignments will be used to assess objectives 1 through 7 in section III A.  Laboratory reports and technique will be used to assess objectives 3,4,5, and 7 in section IIIA.  Other assessment tools may be developed and used by the instructor.

V.
Rationale and Impact:

A. Reason for Proposal:

The syllabus is being revised to reflect standards of a variety of accrediting agencies.  It also reflects a revision of the learning outcomes for the course.

B. Design:

The course is designed for students majoring in Chemistry, Chemistry/Secondary Education, or interdisciplinary Biology/Chemistry.

C. Students Permitted in Course:

Students who have successfully completed CHEM 220, PHYS130 or PHYS 170 and MATH141 are permitted to take CHEM320.

D. Affect on Existing Academic Programs or Departments:

The revisions do not significantly affect existing academic programs or departments.

VI.
Cost and Staff Analysis:

A.
Effect on University Resources:

There will be no costs beyond normal yearly laboratory costs for this course.

B.
Expected Frequency and Rotation:
The course will be offered once per academic year.

VII.
Date Approved by University President:

______________________________


___________

Signature of the President
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