AP Chemistry Syllabus
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Instructor: Jay Werkheiser

Phone: 908-689-0122 ext. 4476

Email: werkheiserj@wctech.org

Course Description

Advanced Placement Chemistry is designed to be the equivalent of a college-level chemistry course.  Students must successfully complete a first year high school chemistry course in order to be eligible for AP chemistry.  
Concept Outline

AP Chemistry is built around six Big Ideas that emphasize the underlying principles that permeate chemistry content. Within each big idea are several enduring understandings which will be addressed throughout the course.  Within the course overview, content is referenced in terms of big idea, enduring understanding, and essential knowledge.  
Big Idea 1: The chemical elements are fundamental building materials of matter, and all matter can be understood in terms of arrangements of atoms. These atoms retain their identity in chemical reactions.
Big Idea 2: Chemical and physical properties of materials can be explained by the structure and the arrangement of atoms, ions, or molecules and the forces between them.

Big Idea 3: Changes in matter involve the rearrangement and/or reorganization of atoms and/or the transfer of electrons.

Big Idea 4: Rates of chemical reactions are determined by details of the molecular collisions.

Big Idea 5: The laws of thermodynamics describe the essential role of energy and explain and predict the direction of changes in matter.

Big Idea 6: Any bond or intermolecular attraction that can be formed can be broken. These two processes are in a dynamic competition, sensitive to initial conditions and external perturbations.

In addition, seven science practices will be modeled and used throughout the laboratory portion of the course.  Science practices are referenced in each laboratory investigation within the syllabus.  Science practices are as follows:

Science Practice 1: The student can use representations and models to communicate scientific phenomena and solve scientific problems.
Science Practice 2: The student can use mathematics appropriately.

Science Practice 3: The student can engage in scientific questioning to extend thinking or to guide investigations within the context of the AP course.

Science Practice 4: The student can plan and implement data collection strategies in relation to a particular scientific question.

Science Practice 5: The student can perform data analysis and evaluation of evidence.

Science Practice 6: The student can work with scientific explanations and theories.

Science Practice 7: The student is able to connect and relate knowledge across various scales, concepts, and representations in and across domains.
Text

Chang, R. (2013). Chemistry, AP Edition (11th ed.).New York: McGraw Hill Higher Education.  ISBN 0-07-251264-4
Course Overview

1st Marking Period
Unit 1
Chemistry Fundamentals
Big Idea 1

1.1 - 1.3
The Scientific Method
1.D.1

1.4

Classification of Matter
1.A.1

1.5 - 1.6
Physical and Chemical Properties
3.C.1, 5.D.2

1.7 - 1.10
Handling Numbers in Chemistry






2.1 - 2.2
Atomic Theory
1.D.1

2.3

Particles and Isotopes
1.B.1, 1.D.2

2.4 - 2.6
Chemical Formulas
1.E.2

2.7 - 2.8
Inorganic and Organic Nomenclature
1.E.2

Learning Activity--Isotopes: Students are provided sample mass spectrometer data and must identify the elements and the masses of the atoms present.  (LO 1.14)


Investigation 9--Physical and Chemical Changes: Can the Individual Components of Quick Ache Relief Be Used to Resolve Customer Complaints? (BI 3; SP 3, SP 4, SP 5, SP 6; guided inquiry)
Unit 2
Chemical Reactions
Big Idea 1




3.1 - 3.4
The Mole
1.A.1, 1.A.3, 1.E.2

3.5

Percent Composition
1.A.2

3.6

Empirical and Molecular Formulas
1.A.2

3.7

Balancing Chemical Equations
1.A.3, 1.E.1, 1.E.2, 3.C.1

3.8 - 3.10
Stoichiometry
1.A.1, 1.E.1, 3.A.2

4.1 - 4.2
Precipitation Reactions
2.A.3, 6.C.3

4.3

Acid-Base Reactions
1.E.2, 3.A.2

4.4

Redox Reactions
3.A.1, 3.B.1, 3.B.3, 3.C.1

4.5 - 4.8
Applications of Aqueous Reactions
1.E.2

Learning Activity--Reactions: Students observe a demonstration of a series of reactions and write appropriately balanced equations.  (LO 3.2)


Investigation 7--Stoichiometry: Using the Principle That Each Substance Has Unique Properties to Purify an Mixture: An Experiment in Applying Green Chemistry to Purification (BI 2; SP 2, SP 3, SP 5, SP 7)

Investigation 3--Gravimetric Analysis: What Makes Hard Water Hard? (BI 1; SP 2, SP 3, SP 4, SP 5, SP 6; guided inquiry)

Investigation 4--Titration: How Much Acid Is in Fruit Juices and Soft Drinks? (BI 1; SP 1, SP 2, SP 5, SP 6, SP 7)
Unit 3
Gas Laws

Big Idea 2


5.1 - 5.3
Boyle’s, Charles’, and Avogadro’s Laws
2.A.2

5.4

The Ideal Gas Equation
2.A.2

5.5

Gas Stoichiometry
3.A.2

5.6

Partial Pressure and Dalton’s Law
2.A.2

5.7

Kinetic Molecular Theory
2.A.2, 5.A.1

5.8

Real Gases
2.A.2, 2.B.2

Learning Activity--Gas Laws: Students will create a PowerPoint explaining a particular gas law in terms of KMT and intermolecular forces.  (LO 2.4)


Lab--Gas Stoichiometry: Finding the molar volume of a gas (BI 2; SP 1, SP 2, SP 5, SP 6)

News Article--At the end of each marking period, students will select one chemical and engineering news article to summarize on a poster or oral presentation.

2nd Marking Period
Unit 4
Thermochemistry
Big Idea 5


6.1 - 6.2
Energy in Chemical Processes
5.B.1, 5.E.2

6.3

Work, Heat, and the First Law
3.C.2, 5.B.3, 5.C.2

6.4

Enthalpy
3.C.2, 5.C.2

6.5

Calorimetry
5.A.2, 5.B.2, 5.B.3, 5.B.4

6.6

Hess’s Law
5.B.3

6.7

Heat of Solution and Dilution
5.C.1, 5.C.2

Investigation 12--Calorimetry: The Hand Warmer Design Challenge: Where Does the Heat Come From? (BI 5; SP 1, SP 2, SP 3, SP 4, SP 5, SP 6; guided inquiry)
Unit 5
Atomic Structure
Big Idea 1

7.1 - 7.2
Quantum Theory
1.C.2, 1.D.3, 5.E.4

7.3 - 7.4
Bohr Model
1.B.1, 1.D.3

7.5 - 7.7
Quantum Mechanics
1.C.2

7.8 - 7.9
Electron Configurations
1.B.2

8.1 - 8.2
The Periodic Table
1.C.1

8.3 - 8.5
Periodicity
1.B.1, 1.B.2, 1.C.1, 1.D.1

8.6
Reaction Tendencies
2.C.1, 2.C.2

Investigation 1--Spectroscopy: What Is the Relationship Between the Concentration of a Solution and the Amount of Transmitted Light Through the Solution? (BI 1; SP 1, SP 5, SP 6)

Investigation 2--Spectrophotometry: How Can Color Be Used to Determine the Mass Percent of Copper in Brass? (BI 1; SP1, SP 2, SP 3, SP 4, SP 5, SP 6, SP 7; guided inquiry)
Unit 6
Chemical Bonding
Big Idea 2


9.1 - 9.3
Ionic Bonding
1.B.1, 1.C.2, 2.C.2, 2.D.1

9.4 - 9.5
Covalent Bonding and Electronegativity
2.C.1

9.6 - 9.7
Lewis Structures
3.C.4

9.8
Resonance
2.C.4

9.9
Exceptions to the Octet Rule


9.10
Bond Energy


10.1 - 10.2
Molecular Geometry and VSEPR
2.C.4

10.3
Valence Bond Theory


10.4 - 10.5
Hybridization
2.C.4

10.6 - 10.8
Molecular Orbitals
2.C.4

Learning Activity--Properties: Students work in groups to determine the properties of substances based on their chemical formulas and present their findings to the class.  (LO 2.1)

Investigation 6--Bonding in Solids: What’s in That Bottle? (BI 2; SP 3, SP 4, SP 5, SP 6, SP 7; guided inquiry)

News Article--At the end of each marking period, students will select one chemical and engineering news article to summarize on a poster or oral presentation.

3rd Marking Period

Unit 7
Solids, Liquids, and Solutions
Big Idea 2


11.1 - 11.2
Intermolecular Forces
2.A.1, 2.B.1, 2.B.2, 2.C.3

11.3
Properties of Liquids
2.A.1

11.4 - 11.7
Crystals
2.A.1

11.8 - 11.9
Phase Diagrams


12.1 - 12.2
Solutions
2.A.1, 2.A.3, 2.B.3

12.3
Units of Concentration
1.D.3, 2.A.3

12.4
Solubility and Temperature
2.A.3

12.5
Henry’s Law


12.6 - 12.8
Colligative Properties


Investigation 5--Chromatography: Sticky Question: How Do You Separate Molecules That Are Attracted to One Another? (BI 2; SP 1, SP 3, SP 4, SP 5, SP 6; guided inquiry)
Unit 8
Chemical Kinetics
Big Idea 4


13.1
Rate of Reaction
4.A.1

13.2
The Rate Law
4.A.1, 4.B.3, 4.D.1, 4.D.2

13.3
First and Second Order Reactions
4.A.2, 4.A.3

13.4
The Arrhenius Equation
4.B.2. 4.B.3

13.5
Reaction Mechanisms
4.B.1, 4.C.1, 4.C.2, 4.C.3

13.6
Catalysts
4.D.1, 4.D.2

Learning Activity--Reaction Order: Given sample data for a reaction, students will graph concentration vs. time and determine the reaction order and rate constant for the reaction.  (LO 4.2)


Investigation 10--Kinetics: Rate of Reaction: How Long Will That Marble Statue Last? (BI 4; SP 1, SP 2, SP 5, SP 6, SP 7)


Investigation 11--Kinetics: Rate Laws: What is the Rate Law of the Fading of Crystal Violet Using Beer’s Law? (BI 4; SP 1, SP 2, SP 5, SP 6)

Unit 9
Equilibrium

Big Idea 6


14.1 - 14.2
The Equilibrium Constant
6.A.3, 6.A.4

14.3
Equilibrium and Rate
6.A.1, 6.A.3

14.4
Equilibrium Concentrations
6.A.2, 6.A.3

14.5
Factors that Affect Equilibrium
6.A.3, 6.B.1, 6.B.2, 6.C.3

Learning Activity-- LeChâtelier’s Principle: Given a specific reaction, students will use LeChâtelier’s Principle to design a set of conditions that will optimize a desired outcome and present their findings to the class.  (LO 6.9)


Investigation 13--Equilibrium: Can We Make the Colors of the Rainbow? An Application of LeChâtelier’s Principle (BI 6; SP 1, SP 5, SP 6)

News Article--At the end of each marking period, students will select one chemical and engineering news article to summarize on a poster or oral presentation.

4th Marking Period

Unit 10
Acid-Base Equilibria
Big Idea 6


15.1 - 15.3
Brønsted Model
3.B.2, 6.C.1

15.4 - 15.7
Ionization Constants for Weak Acids and Bases
6.C.1

15.8
Diprotic and Polyprotic Acids
6.C.1

15.10
Acidic and Basic Salts

15.9, 15.11
Acid-Base Properties


15.12
Lewis Acids and Bases


16.1 - 16.2
The Common Ion Effect


16.3
Buffers
6.C.2

16.4 - 16.5
Acid-Base Titrations
6.C.1

16.6 - 16.8
Solubility Products
6.C.3

16.9 - 16.11
Applications of the Solubility Product
6.C.3

Investigation 14--Acid-Base Titration: How Do the Structure and the Initial Concentration of an Acid and a Base Influence the pH of the Resultant Solution During a Titration? (BI 6; SP 1, SP 2, SP 5, SP 6)


Investigation 15--Buffering Activity: To What Extent Do Common Household Products Have Buffering Activity? (BI 6; SP 1, SP 2, SP 3, SP 4, SP 5, SP 6, SP 7; guided inquiry)


Investigation 16--Buffer Design: The Preparation and Testing of an Effective Buffer: How Do Components Influence a Buffer’s pH and Capacity? (BI 6; SP 1, SP 2, SP 3, SP 4, SP 5, SP 6; guided inquiry)

Unit 11
Thermodynamics
Big Idea 5


17.1 - 17.2
Spontaneity
5.E.1

17.3 - 17.4
Entropy and the Second Law
5.E.2, 5.E.3

17.5
Gibb’s Free Energy
5.E.2, 6.C.3

17.6
Free Energy and Equilibrium
5.E.2, 6.D.1


17.7
Thermodynamics of Living Systems


Learning Activity--Spontaneity: Students work in groups to determine the spontaneity of a process using temperature, enthalpy, and entropy data.  (LO 5.13)

Unit 12
Electrochemistry
Big Idea 3


18.1
Balancing Redox Reactions
3.B.3

18.2
Galvanic Cells
3.C.3, 5.E.4

18.3
Standard Reduction Potentials
3.C.3

18.4
Thermodynamics of Redox Reactions
3.C.3

18.5
The Nernst Equation
3.C.3

18.6 - 18.8
Applications of Electrochemistry
3.C.3

Investigation 8--Redox Titration: How Can We Determine the Actual Percentage of H2O2 in a Drugstore Bottle of Hydrogen Peroxide?  (BI 2; SP 1, SP 2, SP 5, SP 6)


News Article--At the end of each marking period, students will select one chemical and engineering news article to summarize on a poster or oral presentation.

Evaluation

Final grade will be calculated as follows:

Tests


40%

Quizzes

20% 
Homework

20%
Lab Reports

20%

Tests - Each unit will end with a comprehensive test.  Tests will ask students to apply what they learned throughout the unit.

Quizzes – Short quizzes will appear at intervals within each unit.  Quizzes will evaluate comprehension of basic ideas.

Homework – Homework will be assigned from the textbook and supplemented with teacher-generated worksheets as needed.  We will spend class time going over homework problems to reinforce learning.  Late homework is worth half credit.
Labs – Students are engaged in hands-on laboratory work, integrated throughout the course, which accounts for 25% of the course.  Students will present their findings in a variety of ways, including formal lab reports, oral presentations, poster presentations, multimedia presentations, lab notebooks, journal articles, etc.  All students will maintain a lab notebook for collection and analysis of data.  Lab reports will follow APA format and include the following components: title page, abstract, introduction, method, analysis, and discussion.
Late work will be worth half credit and will be accepted no later than one week after the due date.  Exceptions may be made for prolonged absence as needed.


