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A. Date
B. Department
C. Course Number
D. Course Title
E. Course Outline Preparer

September 22, 2000
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II. COURSE SPECIFICS

A. Hours
B. Units
C. Prerequisite
D. Course Description

E. Field Trips
F. Method of Grading
G. Repeatability

III. CATALOG DESCRIPTION

2 hours lecture and 6 hours laboratory
4
Chern 101B
Chern 205 is a one-semester course in quantitative
analysis. It is a component of many chemistry
major programs, and it covers essential material for
any student pursuing the study of analytical
chemistry.
none
letter
o

The fundamentals of quantitative analysis. Solubility, acid-base, redox, complex
formation equilibria, and their applications in volumetric and gravimetric analysis.
Selected topics in instrumental analysis. CSUIUC/CAN: CHEM 12
Prereq: Chem iOiE.
it is recommended that Chem 205 be taken soon after Chem iOiB.

IV. COURSE OBJECTIVES

The student will:
A. calculate the experimental error associated with chemical calculations involving

addition, subtraction, multiplication, division, powers, roots, exponents, and
logarithms.

B. correctly apply basic statistical techniques to chemical problems. These
techniques include normal distribution, mean, standard deviation, t-test (3
kinds), Q test, and method of least-squares.
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C. calculate the concentrations of all species resulting from the formation of a
sparingly soluble salt, with and without the presence of a common ion, using the
appropriate mathematical simplifications.

D. predict the effects of electrolyte concentration, temperature, and other factors
on crystal growth, and predict the implications for the success of a gravimetric
analysis.

E. demonstrate proper laboratory technique for precipitation and gravimetric
procedures.

F. calculate equivalence points of a variety of titrations, including redox,
precipitation, and acid/base.

G. demonstrate proper laboratory technique for volumetric procedures.
H. calculate pH and related quantities in systems involving weak and strong acids

and bases, including polyprotic systems.
I. calculate concentrations of species in sparingly-soluble solutions and acid/base

systems when activity coefficients need to be taken into account.
J. predict endpoints and other quantities when EDTA is used to determine the

concentrations of metal ions.
K. calculate the concentrations of principal species of metal complexes when

appropriate initial concentrations of metal and ligands are given, and when
formation constants are provided.

L. explain the chief factors that determine resolution of a mixture using
chromatography.

M. explain the types of mobile and stationary phases used in both liquid and gas
chromatography.

N. understand the concepts of oxidation and reduction and their relation to the
Nemst equation, to equilibrium constants, to electrolytic cells, and to galvanic
cells.

O. explain the operation of a pH or ion-sensitive electrode.
P. calculate the concentration of principal species, as well as the cell voltage, at all

points in a redox titration.
Q. use the main concepts of spectrophotometry, including the Beer-Lambert Law,

to determine absorbance, transmittance, and concentration of principal absorbing
species in a sample.

R. apply the basic principles of atomic absorption spectroscopy to quantitative
experimental problems involving metal samples.

V. COURSE CONTENT

A. Error analysis in quantitative analysis
1. Significant figures
2. Propagation of error in calculations

B. Statistics used in quantitative analysis
1. Gaussian distribution
2. Student's t-test
3. Q-test
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4. Least-squares analysis
C. Solubility, with applications to precipitation titrations

1. Solubility product
2. Common ion effect
3. Applications to practical precipitation titrations

D. Volumetric procedures
1. Determining equivalence points in titrations
2. Predicting concentrations of principal species at various points during a

titration
E. Activity

1. Dependence of solubility on "inert" ions
2. Hydrated ionic radii
3. Ionic strength
4. Activity coefficients
5. Applications to equilibrium problems

F. Systematics of equilibrium
1. Mass balance
2. Charge balance
3. General solutions to equilibrium problems

G. Monoprotic and monobasic equilibrium calculations
1. Exact solutions

a. Weak acids
b. Weak bases
c. Buffers

2. Limiting-case approximations for the above
H. Polyprotic and polybasic equilibrium calculations

1. Finding pH of each form of a weak acid
2. Finding ratios of species
3. Identifying principal species at a particular pH
4. Isoelectric point

I. Acid-base titrations
1. Finding pH at all points in titrations

a. Strong acids titrated with strong bases
b. Weak acids titrated with strong bases
c. Weak bases titrated with strong acids

2. Properties of indicators
3. Use of Gran plots and derivative plots to find equivalence points

J. EDTA titrations
1. Chelation
2. Properties of EDTA
3. K f and Kr' , and their pH dependence
4. Need for auxiliary complexing agents
5. Types of EDTA titrations

a. Direct
b. Back
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c. Displacement
d. Indirect

K. Additional chelation techniques
1. Formation constants
2. Effect of complex ion formation on solubility of cations

L. Introduction to separation and chromatography
1. Solvent extraction
2. Partition coefficient
3. Stationary and mobile phases
4. Retention time
5. Relative retention
6. Capacity factor
7. Plate height and number of plates
8. Resolution
9. Retention time

M. Experimental issues in chromatography
1. Types of columns in gas and liquid chromatography
2. HPLC
3. Use of response factor in analyzing quantitative composition of mixtures

N. Fundamentals of electrochemistry
1. Oxidizing and reducing agents
2. Electrolytic cells
3. Anode and cathode
4. Standard potentials
5. Line drawings of cells
6. Nernst equation
7. Relation of standard potential to the equilibrium constant

O. Electrodes and potentiometry
1. Reference and indicator electrodes
2. Glass pH electrodes as examples of ion-selective electrodes

P. Redox titrations
1. Writing the Nernst equation in useful form to determine potential before the

equilibrium point
2. Finding potential at and after the equilibrium point

Q. Spectrophotometry
1. Beer's Law
2. Calibration curves
3. Internal standards
4. Standard addition
5. Mixtures

R. Atomic spectroscopy
1. Atomic absorption and emission
2. Hollow-cathode lamps to produce narrow-linewidth light for absorption

studies of metals
3. General construction of atomic absorption spectrometers
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VI. INSTRUCTIONAL METHODOLOGY

A. Assignments
1. Reading and homework assignments from the textbook
2. Problem sets written by the instructor
3. Laboratory write-ups

B. Evaluation
1. Graded homework
2. Graded laboratory write-ups in notebooks, to include:

a. Procedure summaries
b. Data
c. Observations
d. Calculations
e. Composition of unknown samples
f. Error analysis

3. Written quizzes on material from lectures and laboratories
4. Written examinations on all material in the course
5. Written comprehensive final examination

C. Texts and other materials
1. Lecture/laboratory text: Quantitative Chemical Analysis, J. Harris, 4th ed.,

1996 (Freeman).
2. Supplemental text: Solutions Guide to Quantitative Chemical Analysis, J.

Harris, 4th ed., 1996 (Freeman).
3. Instructor-generated handouts covering laboratory procedures.
4. Safety goggles
5. Electronic calculator

VII. REQUESTED CLASSIFICAnON

CREDITIDEGREE APPLICABLE [meets all standards of Title V, Section 55002 (a)].
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