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

F. Department Chairperson 

G. Dean 

II. COURSE SPECIFICS 
A. Hours 

B. Units 
C. Prerequisites 

Corequisites 
Advisories 

D. Course Justification 

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

III. CATALOG DESCRIPTION 

October, 2013 
Chemistry 
CHEM 103A 
General Chemistry for Engineering 

MartaZumWa1t~ ld 
Michael Solow ~ ~~ 

I?.-J ,.II .L, t Ofr",,1 
David Yee FfI::JA 1

0

' 'fee 

Lecture - 4 (70 total) 
Laboratory - 3 (52.5 total) 
4 
CHEM 40, or an Advanced Placement test 
score of 3 or higher, or placement in CHEM 
10lAlI03A by examination and advising; 
and Math 860 (60) or placement in any math 
course higher than Math 860 (60). 
None 
None 
Chem I03A is a one semester general 
chemistry course for engineering majors, 
excluding majors in chemical engineering. 
Chem 103A offers engineers a thorough 
overview of a full year of general chemistry 
by focusing on subjects of particular interest 
to engineers. This course serves as a 
prerequisite for Chem 10lB. 
No 
Letter 
o 

Thermochemistry, atomic structure, periodic properties, bonding, solid-state structures, 
fundamentals of organic chemistry, solution chemistry, thermodynamics, kinetics, 
equilibrium, acids and bases, and electrochemistry. U c./ c. s v 

Designed for students majoring in all engineering programs except chemical 
engineering. Students who have passed CHEM lOlA may not receive credit for CHEM 
l03A. 
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IV. MAJOR LEARNING OUTCOMES 
Upon completion of this course a student will be able to: 

A. Communicate chemical concepts and experimental results using chemical 
fonnulas, names, symbols, and equations. 

B. Apply a variety of problem-solving techniques to quantitatively analyze chemical 
systems. 

C. Describe and depict properly the electron arrangements of atoms, the nature of 
chemical bonding, and the three-dimensional structures of ions, and molecules. 

D. Perfonn experiments using common laboratory techniques and equipment in a 
safe manner to make quantitative observations about physical and chemical 
properties. 

E. Critically analyze laboratory findings, discuss results in written fonn, and draw 
appropriate conclusions from the collected data. 

V.CONTENT 
A. Review of Preparatory Chemistry Course 

I. Types of reactions 
2. Chemical fonnulas, balanced chemical equations, and stoichiometry 
3. Solutions, including dilutions 
4. Gas laws and gas stoichiometry 
5. Total and net ionic reactions 
6. Safe laboratory techniques 

B. Thennochemistry 
I. Types of energy 
2. Internal energy 
3. Enthalpy and energy of reactions 

a. Enthalpy of formation 
b. Enthalpy of phase change 
c. Hess's Law 
d. Thennochemical equations and enthalpy of reaction 

4. Calorimetry 
a. Heat calculations 
b. Heating and cooling curves 

C. Atomic structure and periodicity 
I. Classical and modem atomic theory 
2. Electronic transitions in the hydrogen atom and electromagnetic radiation 
3. Emission spectra 
4. Electron configurations and quantum numbers 
5. Periodic trends 

a. Atomic and ionic radii 
b. Ionization energy and electron affinity 
c. Metallic character 

D. Bonding models 
I. Ionic bonding 

a. Predicting relative lattice energy for a crystal 
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b. Born-Haber cycles 
2. Covalent bonding 

a. Lewis structures 
b. Polarity and molecular geometry (valance shell electron pair repulsion) 
c. Resonance 

3. Metallic bonding 
E. Solid state 

1. Types of solids 
a. Crystalline verses amorphous solids 
b. Molecular, ionic, network covalent, metallic crystal structures 

2. Band theory 
a. Conductivity for ionic and covalent compounds verses metallic 

compounds 
b. Conductors, semiconductors, and insulators 

3. Unit cells 
a. Cubic and closest packing structures 
b. Metallic and ionic structures 
c. Z-diagram representation of the unit cell 
d. Lattice positions and holes (interstitial sites) 
e. Density calculations and formula determination based on unit cell 

F. Liquids and Phase Diagrams 
1. Intermolecular forces 

a. Vapor pressure related to molecular structure 
b. Boiling point related to molecular structure 

2. Phase diagrams and their interpretation 
3. Clausius-Clapeyron equation 
4. Colligative properties 

a. Freezing point depression 
b. Boiling point elevation 

G. Organic chemistry 
1. Hydrocarbons: alkanes, alkenes, alkynes, cycloalkanes, and aromatics 

a. IUPAC (International Union of Pure and Applied Chemistry) 
nomenclature 

b. Geometry of organic molecules 
2. Functional groups and their physical properties (including alcohols, 

aldehydes, ketones, carboxylic acids, amines) 
a. Identification of different functional groups 
b. Physical properties of different functional groups 

I. Relative solubilities and boiling points of different functional groups 
2. Identification of unknown organic species based on physical and 

chemical properties (laboratory experiment) 
H. Chemical equilibrium 

1. Le Chatelier's Principle 
2. Equilibrium expression 
3. Calculations involving and interpretation of the equilibrium constant 
4. Acid-base equilibria 
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a. Autoionization of water aud the ion-product constant for water (Kw) 
b. Strengths of acids and bases (degree of dissociation) 
c. Buffers 
d. Titration curves 
e. Polyprotic acids and polyhydroxy bases 

5. Solubility equilibria 
a. Solubility products 
b. Common-ion effect 

1. Chemical thermodynamics 
I. Entropy definition aud calculations 
2. Spontaueity 
3. Free energy concept aud calculations 
4. Relationship between free energy and equilibrium 

J. Electrochemistry 
1. Oxidation aud reduction (redox) reactions 
2. Reduction potentials aud predicting spontaueous direction of redox reactions 
3. Galvauic cells and batteries 
4. Electrolytic cells 
5. Nemst equation aud concentration cells 
6. Free energy aud cell potentials 

K. Chemical Kinetics 
I. Rate constant 
2. Differential rate laws 
3. Integrated rate laws: Zero, first, aud second order 
4. Half-life 
5. Arrhenius equation 
6. Energy of activation 

VI. INSTRUCTIONAL METHODOLOGY 
A. Assignments 

I. In-class assignments 
a. Problems covering course content solved individually or in groups. 
b. Presentations on galvanic cells (batteries) given in groups of three or four 

students. 
c. Modeling kit exercises to help visualize solid state structures aud 

molecular geometries of molecules. 
d. Laboratory experiments 

1. Qualitative experiments, including but not limited to using 
observations to identify au unknown metal ion in solution, determining 
the identity of au unknown organic chemical by utilizing information 
about the physical properties aud chemical reactivity of the chemical, 
and development of a reaction scheme to successfully separate two 
metal salts in solution. 

2. Quantitative experiments, including but not limited to determining the 
specific heat capacity of au unknown metal, determining an 
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equilibrium constant for a thiocyanate equilibrium, measuring the 
voltage of an electrochemical cell, and determining the concentration 
of an unknown acid solution using a titration curve. 

2. Out-of-class assignments 
a. Readings from the textbook, covering specified material from the detailed 

course syllabus. 
b. Problem sets generated by the instructor with problems on all material 

covered in the course. Problems sets include but not limited to multistep 
calculation problems involving equilibrium, conceptual problems related 
to the structure of the atom, and problems that illustrate the different forms 
of energy and how it is transferred. 

c. Pre-laboratory (pre-lab) assignments. Students write a pre-lab in their 
laboratory notebook and on occasion are asked to answer a set of pre-lab 
questions in order to prepare themselves for the experiment. 

d. Post-laboratory (post-lab) assignments. Students write a post-lab 
assignment in their note book (calculation section and 
conclusion/discussion section) and also complete a laboratory report form 
with additional experiment related questions and problems. 

B. Evaluation 
1. Pre-lab assignments which are assessed on completeness, proper format, and 

timeliness. 
2. Post-lab report forms which are assessed on the student's ability to organize 

their data, calculate their final results, and critically evaluate their lab results. 
3. Class presentations on galvanic cells (batteries) which are assessed on the 

student's delivery of the material and the content presented such as diagrams 
used and level of detail in description of battery assigned. 

4. Problem sets are assessed orally during office hours or laboratory hours. 
Problems are reviewed and students are given feedback as to where the 
students need to improve. 

5. Written examinations and quizzes which included (but are not limited to): 
a. Multiple choice questions on topics such as identification of organic 

functional groups, electron configurations, chemical properties such as 
conductivity, and strengths of acids and bases. 

b. Computational problems, including but not limited to, rate constants given 
collected data, lattice energy, free energy, concentration of ions in solution 
of a weak acid, light energy released or gained due to the transition of an 
electron in the hydrogen atom, and density of a given solid state unit cell. 

c. Conceptual question requiring students to draw models. For example, 
students are asked to illustrate interactions in solutions using Lewis 
structures or bonding in solid state ionic compounds using z-diagrams. 

d. Essay problems requiring students to give reasons for observable 
characteristics of common materials (like the state of matter of a substance 
at room temperature or its conductivity) based on a foundation of chemical 
behavior and properties. 

6. Comprehensive final examination in which students will be assessed on their 
ability to successfully answer multi-concept problems such as, but not limited 
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to, transferring heat energy from an exothermic reaction to heat up and melt a 
metal, or relating Lewis structures to energy required to break a covalent bond 
(bond energies). 

C. Textbooks and other Instructional Materials 
I. Zumdahl and DeCoste: Chemical Principles, 7th edition, 2013, Cengage 
2. CCSF Chemistry Department, Chemistry lOlA Laboratory Manual, 2009 
3. CCSF Chemistry Department, Chemistry lOlB Laboratory Manual, 2003 
4. Instructor-generated laboratory experiments such as "Identification of an 

Unknown Organic Compound" (CCSF chemistry department, 2012) and 
"Analysis of an Unknown Acid or Base" (CCSF chemistry department, 2012) 
designed specifically for this course 

5. Instructor-generated problem set solutions for all problem sets assigned (see 
VI.A.2.b) 

6. Instructor-generated supplements, such as "Practice/Review: Exam I", 
including detailed solutions to problems 

7. Instructor-generated detailed study guides for all three midterm exams given 
8. Class demonstrations on electrolytic cells (CCSF Chemistry Department, 

Chemistry lOlB Laboratory Manual, 2003) 
9. Solid state models (CCSF chemistry department) used to visualize bonding in 

metals and other solid state materials 
10. Internet supplemental videos from PBS (Public Broadcasting Service) 

involving making clean energy: NOVA: Making Stuff: Cleaner 
(http://www.pbs.org/wgbhlnovaltechlmaking-stuff.htrnl#making-stuff
cleaner) 

11. Ball-and-stick molecular models, suitable for organic molecules 

VII. TITLE 5 CLASSIFICATION 
CREDTTIDEGREE APPLICABLE (meets all standards of Title 5. Section 55002(a)). 
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