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1. COURSE NUMBER AND TITLE: CHEM 821 (3:3:0) – Theory of Analytical Processes
Course Prerequisites:  Admission to the Chemistry and Biochemistry doctoral program
Catalog Description:  (3:3:0)  Theory and application of contemporary analytical processes and methods used in chemistry research.  Emphasis on analytical signals and accompanying noise, sample preparation techniques, and quality assurance in measurements.  This is a core course in the Chemistry and Biochemistry doctoral program.
2. COURSE JUSTIFICATION:
Course Objectives: Provide students in the Chemistry and Biochemistry doctoral program with a theoretical and in-depth foundation in analytical chemistry especially in relation to modern research.  Emphasis will be placed on analytical signals and accompanying noise, sample preparation techniques, and quality assurance in measurements.
Course Necessity: This is a core course in the Chemistry and Biochemistry doctoral program.  No courses covering this fundamental material currently exist at the doctoral level within the department.
Course Relationship to Existing Programs:  This course is primarily intended for doctoral students in the chemistry and biochemistry PhD degree program.

Course Relationship to Existing Courses:  No equivalent course currently exists at the doctoral level.  The MS-level course currently listed in the catalog (CHEM 521) is not appropriate for PhD-level students and will not be taught in the future.  

3. APPROVAL HISTORY: 
4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering: Spring 2010

Proposed Instructors: Drs. Gregory D. Foster, Abul Hussam and John Schreifels
5. TENTATIVE SYLLABUS: See attached.

CHEM 821

Theory of Analytical Processes

Prerequisites: Admission the chemistry and biochemistry doctoral program.
Credits: 3
Instructor: 

Office Hours: 

Textbook: No assigned text.  See list of suggested references and readings below.

Course Description: Theory and application of contemporary analytical processes and methods used in chemistry research.
Lecture Content: 

	Week
	Topic
	Emphasis

	1-2
	Measurement errors
	Type of errors, Accuracy and precision, multiple measured quantities and error propagation 

	3
	Properties of analytical signals
	Sensitivity, Detection limit, quantitation limit and calibration of analytical systems

	4-5
	Types of noise and signal-to-noise (S/N) enhancement
	Amplitude and frequency, concept of decibel Sources of noise, power density spectrum of a noise, noise bandpass, definition of signal-to-noise ratio; Analog filters, operational amplifier circuits for analog signals amplification, modulation techniques, signal chopping and lock-in amplifiers

	6-7
	Sampling and sample preparation techniques
	Design of randomized sampling, integrative sampling methods, sampling statistics, multivariate methods in design, chain of custody, sampling handling and extraction methods, fractionation and clean up procedures

	8-9
	Quality assurance in chemical measurements
	Blank samples, surrogate standards, standard reference materials, evaluation of method performance, ensuring data quality, ethics in chemical analysis

	10-11
	Transform techniques
	Principles of signal development: Fourier and Laplace transform and applications in analytical spectroscopy such as FTIR, FTNMR, and Impedance Spectroscopy 

	12-13
	Mass Transport
	Fick’s diffusion equations for mass transport and applications in chromatography and electrochemistry.

	14
	Thermodynamics of Separations
	Partitioning in two phase separations, distribution coefficient, selectivity factor, capacity factor; separation techniques.

	15
	Mass spectrometry
	Instrumentation and theory of its use for developing a mass spectrum.  


Presentations: Each student is required to give two 15 min talks to the class on a specific research topic related to the material covered in class.  The talks will be based on a detailed literature search involving journal papers.

Exams: Two (in-class) mid-term exams and a final exam will be administered.  

Homework: Homework problem sets (5) will be assigned throughout the semester.
Grades:  Exams (25%), Final (25%), Homework (25%) and Presentations (25%)

RECOMMENDED TEXTS AND PAPERS

1. Principles of Instrumental Analysis by Skoog and Leary. 

2. Quantitative Chemical Analysis by D. C. Harris, 4th Ed. (or latest edition)

3. Electrochemical Methods: Fundamentals and Applications by A. J. Bard and L. R. Faulkner. QD55.3B37 (Reserved) 

4. Information Theory in Analytical Chemistry, Karel Eckschlager, Klaus Danzer. Wiley-Interscience, 1994. ISBN 0471595071, 9780471595076. 275 pages

5. Instrumentation: Graham and Currell, 1987. QD79.I5C87 (Reserved) 

6. Transform Techniques in Chemistry, QD96. F68T7 (Reserved) 

7. The Fast Fourier Transform and its Application by E. O. Brigham. QA 403.B75 (Reserved)
8. Signal-to-Noise Enhancement Through Instrumental Techniques: Part I, Anal. Chem., 44, 81A (1972); Part II, Anal. Chem., 44, 69 A(1972).

9. Information from Noise, A. Bezegh and J. Janata, Anal. Chem., 59, 494A (1987).

10. Fourier Transforms for Chemists, Part I, II, III, L Glasser, J. Chem. Ed., 64, A306 (1987).

11. Basic Approaches to Separation: Steady State Zones and Layers, J. Calvin Giddings, Sep. Sci. and Technology, 14(10), 871 (1979). 
12. Theory of analytical chemistry, Karl S. Booksh, Bruce R. Kowalski. Anal. Chem., 1994, 66 (15), pp 782A–791A










