Advanced Placement Chemistry

Revised May 2010

The Topics

AP Chemistry is the equivalent of the typical first year college chemistry course often called “General Chemistry”.  Ten units of study make up the course, which includes a large laboratory component.  These units include:

Reactions, Moles and Stoichiometry

Thermochemistry

Atomic Models and Periodicity

Chemical Bonding

Molecular Mixing:  Intermolecular Bonding and Solutions 

Kinetics

Equilibrium

Acid-Base Chemistry

Thermodynamics

Electrochemistry

The Lab

Laboratory work is a fundamental aspect of this chemistry course. Many of the labs are based on experiments from the Indiana University of Pennsylvania Lab Program for CHEM 111-112.  The class will travel to IUP on two days to do four labs using equipment and resources not available at the high school.  Students generally work in teams of 2-4 students to complete lab work.  During the first grading period, students complete a group lab project to design an air bag.  This project is presented in a poster session to others in the class as well as guests that include members of the IUP chemistry department.  The other labs require individual reports of varying complexity.  Students are required to keep a lab portfolio that consists of a laboratory notebook and graded reports.

The Learning Process

This course builds on content from Academic Chemistry.  The POGIL process (www.pogil.org), and other active learning strategies that require collaboration and teamwork are used in this course.  Students are expected to spend time reviewing material outside of class in addition to completing assigned homework.  Numerous resources including practice questions, tutorials, podcasts, and notes from outside sources  are available at the course website (www.iasd.cc).  

Grading

Grades are determined using a weighted scale that counts exams and quizzes as 80% and all other assessments as 20%.  All students are required to take the AP Chemistry Exam in May in order to receive weighted grades for the course.

The AP Exam

The AP Exam is given in May and is a cumulative exam of all content from the year.  Students should purchase an exam review book as part of preparation for this exam.  Detailed information about the exam is found at www.collegeboard.com.

The Summer Assignment

There is a summer assignment that consists of a review of the following topics from first year Chemistry:

Naming Compounds (Must memorize a list of ions)

Basic Calculations using dimensional analysis 

Molar Mass calculations

Kinetic Molecular Theory including basic gas laws

Basic Chemical Reactions (Must memorize solubility rules)

Nuclear Chemistry and Basic Atomic Theory

The assignment is not something that is collected and graded.  It is a review.  An exam on this content will be given during the second week of class.

After the AP Exam

Students will complete various projects including tie-dying.  Past projects have included development of a website on Abandoned Mine Drainage (accessible from www.iasd.cc) and introductory podcasts for use in the first year chemistry course.

AP Chemistry Textbooks:

Brown, Lemay, Bursten.  Chemistry: The Central Science. 8th Edition. Prentice Hall. 2002

Hanson.  Foundations of Chemistry:  Applying POGIL Principles.  Pacific Crest 2006

Course Website: 

www.iasd.cc

Plan for Unit One:  Reactions, Moles and Stoichiometry

Student learning goals:

All students should be able to:

* Write correct chemical formulas and names

* Write chemical equations

- synthesis

- decomposition

- metathesis

- simple redox

- ionic and net ionic

* Use solubility rules

* Balance chemical equations

* Calculate empirical formulas from data

* Use stoichiometric calculations to relate amounts of reactants and products including reactions in solution and those involving gases.

* Determine the limiting reactant in a reaction

* Calculate % yields

* Calculate the Molarity of a solution

* Use PV=nRT to relate gas variables

Approximate Schedule

(This schedule is VERY approximate.  It will take more time than listed to cover this material.  The day schedule is given to provide an order sequence for each unit)
	Day
	Classroom activities
	Assignment

	1
	Review the pre-lab for the Limiting Reactant  mass stoich experiment. (MS-1)

Do first part of lab

Isotope And Basic Calc Free Response 
	Dealing with data handout

Nomenclature Review

Chapter 1-2 Student Guide MC handout



	2-3-4-5
	Continue mass stoich lab

Review of Stoichiometry problems
	More Stoichiometry problems handout

Waterman Chapter 1-2

	6
	Formula Calculations group problems (F of C activity)

(introduce combustion analysis type problems)
	Formula calculations from book.  Waterman Review Chapter 3 

	7-8
	Fertilizer Analysis Lab (MS-2)

Fertilizer POGIL-IC problem
	 FR 2008 #2

	9-10
	Reactions and Qual. Analysis:  FR 2006 #5,  2005 #5, 2004 #5, 2002B #5

2008B #5
	Review of Reaction Writing with Net Ionics  continues over the next weeks with 2007-1011 #4 packet.



	11
	Moog POGIL: Molarity

Or mini lecture on Molarity

FR 2008B #3

FR 2011 #2 

FR 2005B #5
	Problems involving Molarity

Reactions Packet

	12
	Ca compound formula lab (titration)
	Stoichiometry problems involving Molarity

	13
	Titration Lab:  Global CO2
	More practice problems (Waterman Review Chapter 4)

	14
	Continue Lab
	

	15
	 PV =nRT 

 
	Problems that use PV=nRT

FR 2009 #2, 2004B #2, 2003#2, 2000#3, 1999 #5, 2005B #6

	16
	More Problems
	 

	17 
	Molar Mass of a Metal Lab
	

	18-20
	Air Bag Project
	Problems as needed

(Waterman Review Chapter 10)

	21
	Oxidation Numbers POGIL (Hansen or Moog) or Minilecture
	

	22
	 Redox Reactions

 FR 2010B #3,  2007 #5, 2003B #5

 
	Assign pages 752-758

Problems from  Redox handout

	23
	Redox Titration:  Analysis of Bleach
	


Labs for Unit One:

Mass Stoichiometry and Analysis of Alka-Seltzer1

CaCO3 Gravimetric Analysis1

Fertilizer analysis1

The Determination of CO2 from leaf Decomposition1
Using a Titration to Determine the Formula of Calcium hydroxide

Molar Mass of a Metal using PV=nRT1
The Design of An Air-Bag1
Analysis of Bleach using a Redox Titration
1  These labs are taken from CHEM 111 at Indiana University of Pennsylvania (IUP)

Can do redox after molarity and reactions as it is part of Chapter 4.  

Plan for Unit Two:  Thermochemistry

Student learning goals:

All students should be able to:

· Distinguish heat and temperature.

· Use Q = c m (T to calculate heat required to change the temperature of a substance.

· Define Enthalpy.

· Use Hess’s Law and Data to calculate heat of reaction, (H.

· Use the mathematical definition of the first law of thermodynamics: E = q + w.

· Experimentally determine the heat of a reaction.

Approximate Schedule

	Day
	Classroom activities
	Assignment

	1 
	Mini Lecture and Heat of Reaction of Baking Soda + HCl as follow-up from Air Bag Observations
	Read Chapter 5 + selected Chapter Problems

	2-3
	 Additional Notes for Heat of Reaction:  Calculate Theoretical value using formation data.   Work on AP FR Questions


	AP Essay Packet  

 1995B, 1988D, 1988B, 2005B #7, 2002#5,  2003B #3

	4-6
	The Foundations of Temperature Change1

	 


Possible Labs for Unit Two

Quicklab to find Heat of Reaction for Baking soda + HCl

Heat of Reaction and Stoichiometry (method of continuous variations) 

The Foundations of Temperature Change1

Heat of Reaction for the Decomposition of H2O2

1  These labs are taken from CHEM 111 at Indiana University of Pennsylvania (IUP)

Plan for Unit Three (part one):  Atomic Models
Student learning goals:

All students should be able to:

· Describe light in terms of frequency and wavelength.

· Associate color (for visible light) and energy with wavelength.

· Use mathematical relationships for light to relate wavelength, frequency, and energy.

· Use the Bohr model and related mathematical equations to describe the hydrogen atom.

· Relate electron transitions in the hydrogen atom to wavelengths of emitted or absorbed light.

· Explain the “photoelectric effect”.

· Describe the atom in terms of the “shell model”.

· Use data to illustrate both the shell idea and sub-shell idea for electrons in atoms.

· Write electron configurations for atoms.

· Use quantum numbers to describe atoms.

· Explain some of the principles of quantum theory:  Uncertainty Principle, etc.

· Create and interpret various diagrams associated with electron configurations.

· Describe orbitals.

· Explain how a visible spectrophotometer works.

· Interpret a visible spectrum.

· Use Beer’s Law to related absorbance to concentration.

· Use visible spectroscopy to analyze a chemical sample.

· Examine the role of d-orbitals in the formation of complex ions for transition metals

Approximate Schedule

	Day
	Classroom activities
	Assignment

	1
	Lecture:   Basic atoms
	Review problems: F of C table

	2-3
	Dye Lab

Include light stuff in prelab lecture
	Review problems

Textbook Chapter 6: 9,13,25,31

AP Essay 2007B #2

	4-5
	Nickel + Copper  Lab


	 AP Essay 2003 #5

	6
	Mini lecture:  Electron configurations 
	Packet problems

AP Essay 2006 #8

	7
	Quantum numbers
	Packet problems

	8-9
	Synthesis and Analysis of a Complex copper salt
	Lab report


Note:  for 2009, 2010 the order of topics went:

Intro to atoms-electron configs and quantum #’s-periodic properties POGIL packet (unit 3 part 2)- spectroscopy

Lab for Unit Three

The Determination of Iron Using Spectrophotometry (not done 2009)

Dye Spectroscopy

Analysis of a Nickel

Synthesis and Analysis of Cu(NH3)4SO4  (only if time permits)

Plan for Unit Three (part two):  Atomic Structure and the Periodic Table

Student learning goals:

All students should be able to:

· Predict the chemical behavior, density, melting point of an element based on characteristics of other elements in its group.

· Relate atomic radius, ionic radius, ionization energy, and electron affinity to atomic structure.

· Relate ionization energies of the electrons in a given atom to atomic structure.

· Explain discrepancies in the general patterns on the periodic table for ionization energy.

· Use the periodic table and knowledge of atomic structure to compare the atomic radii, ionic radii, and ionization energy of elements.

Approximate Schedule

	Day
	Classroom activities
	Assignment

	1 and 2
	POGIL activities:  F of C Periodic Trends in Atomic Properties or Gelder Activity 
	Selected Book Problems

	3,4 and 5
	Additional patterns and trends:  A look at Carbon Questions, AP Essays


	AP Essays: 2007B #6, 2008 #5, 2003B #7


Plan for Unit Four:  Chemical Bonding
Student learning goals:

All students should be able to:

· Construct Lewis structures of molecules

· Explain the use of resonance structures within the Lewis Model of Bonding

· Explain and determine bond polarity

· Explain and determine a molecule’s polarity

· Use VSEPR theory to predict molecular geometry

· Determine bond angles and relative bond lengths in molecules

· Use formal charge calculations to assess a Lewis structure’s stability

· Explain the meaning of “expanded octet”

· Use valence bond theory to explain how a covalent bond forms

· Explain the meaning of “hybrid orbitals” 

· Use electron configurations to show how hybrid orbitals and then covalent bonds form including multiple bonds

· Explain pi and sigma bond types

· Correlate hybridization with molecular geometry

· Explain how ionic bonds form

· Use Lewis structures to explain ionic bonding

Approximate Schedule

	Day
	Classroom activities
	Asignment

	1-2
	Ionic Bonding POGIL

(Moog Model) 
	Complete handout as assigned, selected Textbook problems

	3-4 
	Lewis Structures 

(F of C Handout)


	Complete handout

Practice Problems

	5-6
	VSEPR 

Aspects of Hybrid Orbitals

Pi and sigma bonds

Odessey “Lab”


	Prelabs for IUP Spartan Lab

	7
	Spartan Labs at IUP 
	Reports

	8
	 Review Problems and Essays as needed
	 2006 #7, 2005 #6

	9
	Bond Energy 
	Chapter 8 problems


Labs for Unit Four

Using PC-Spartan to Build Simple Molecules1
“Aspirin Lab”1

1  .  Class travels to IUP for one day to do these labs.

Note:  Can begin with Lewis Model and end with Ionic Bonding (did in 2009-10 and following))

Plan for Unit Five:  Molecular Mixing-Intermolecular bonding and Solutions

Student learning goals:

All students should be able to:

· Distinguish intermolecular and intramolecular bonds.

· Explain and give examples of the following molecular interactions: induced dipole-induced dipole (Dispersion forces), dipole-dipole, ion-dipole, dipole-induced dipole, hydrogen bonding

· Relate IM bonding to properties of liquids such as vapor pressure, boiling point, etc.

· Explain the statement: “Like dissolves Like”.

· Identify the principle type of IM bonding in a substance based on the molecular structure.

· Know how to predict the relative strength of dispersion forces based on molar mass.

· Rank the boiling point (or melting point) of a set of substances based on IM bond type.

· Determine Rf value of a dye component on a paper chromatogram.

· Use principles of IM bonding to interpret results of the chromatographic separation of various dyes.

· Relate KMT to liquids.

· Explain how the Van Der Waals equation is a better approximation of gas behavior at extreme conditions (high pressure or low temperature)

· Describe the concept of vapor pressure on a molecular level.

· Construct and/or interpret a phase diagram.

· Describe the process of forming a solution in terms of what the molecule and or ions are doing.

· Use mole fraction and molality to express solution concentration.

· Examine colligative properties such as vapor pressure lowering (nonvolatile solutes, freezing point depression, and boiling point elevation) and use the related mathematical expressions to solve problems.

Approximate Schedule

	Day
	Classroom activities
	Assignment

	1
	Mini Lecture on IM Bonding
	 Textbook problems for Chapter 11



	2-3
	Moog POGIL on IM Bonding + Selected AP Essays
	Pre-lab for Relating Molecular and physical properties

2009 #6, 2008 #6, 2006 #6 a-c, 2005 #7, 2003 #8, 2004 #7, 2001 #8, 2010 #5

	3-4
	Molecular Properties and physical properties lab
	Lab report

Review Guide (11)



	5-6
	Phase Diagrams and Methane Hydrates  (if time permits)
	  1988, 1995 AP Essay

	7
	Dissolving Process 
	 

	8
	Henry’s Law, Rauolt’s Law, FP Depression, BP Elevation (handout)
	1993 AP Essay

Textbook Problems

Review Guide (13)

	9
	Breathalyzer Problem
	 

	10-11
	Freezing Point Depression Lab
	Lab Report

	12
	Selected AP Essays in Class
	1994, 2005 #2 a-c


Labs for Unit Five:

Relating Molecular and Physical Properties of Liquids (Evap Rate and Chromatography)

Freezing Point Depression (from St. Vincent College)

Plan for Unit Six: Kinetics

Student learning goals:

All students should be able to:

· Use data to determine the rate of a reaction.

· Distinguish average and instantaneous rate.

· Stoichiometrically relate rates for a given reaction.

· Interpret a given rate law.

· Determine a rate law and k from data using the method of initial rates.

· Use data to determine the appropriate integrated rate law for a process.

· Use integrated rate laws to solve problems involving time.

· Determine ½ life of a first order process.

· Explain the theoretical basis of reaction rate.

· Relate a reaction mechanism to a rate law.

· Show how a reaction can occur in a series of simple steps.

· Explain the meaning of activation energy.

· Explain the terms catalyst and reaction intermediate as applied to mechanisms.

	Day
	Classroom activities
	Asignment

	1
	Buret simulation 
	None

	2
	Moog POGIL #36 

 
	

	3
	Moog POGIL #57


	Problem Set (Inquiry CD)



	4-5
	Cu2+ reduction kinetics 
	 

	6-7
	Integrated Rate Laws and Graphical methods to determine rate laws: Moog #58

Fe + O2 kinetics lab
	Moog Handout #58

Textbook problems assigned with lab

Chapter 14 review

	8
	Integrated Rate Law problems  
	Packet problem (inquiry CD) on integrated rate laws

2009B #2, 2005B #3

Pre-lab for peroxide lab

	9
	Peroxide Decomposition Lab


	Lab Calculations

	10
	Graphing Data for lab 
	AP Essays

	11
	Mechanisms:  Looking at possibilities for the hydrogen peroxide reaction
	Selected Problems

	12
	Selected AP essays
	2003B #8,  2009 #3, 2001, 2005#3, 2010B #6, 2010 #3, 2011 #6


Labs for Unit Six

Ethyl Acetate Hydrolysis

Fe + O2 Kinetics: Introduction to Integrated Rate Laws

The Kinetics of the Catalyzed Decomposition of Hydrogen Peroxide1

The Kinetics of the Reduction of Cu2+ by Al (s)

1  Lab from CHEM 112 at IUP

Note:  Numerous other labs could be added to this unit if desired.

Plan for Unit Seven: Equilibrium

Student learning goals:

All students should:

· Understand the concept of dynamic equilibrium 

· Be able to write an expression in terms of concentrations for the equilibrium constant Kc given a chemical equation 

· Understand that equilibria take a finite time to be achieved 

· Be able to calculate values for Kc and associated data from initial concentrations 

· Be able to write an expression in terms of partial pressures for the equilibrium constant Kp given a chemical equation 

· Be able to calculate values for Kp and associated data from pressure data 

· Recall and understand Le Chatelier's Principle 

· Understand the application of Le Chatelier's Principle and be able to predict the shift in position of equilibria and optimum conditions in reactions 

· Understand and be able to apply the relationship of Kc to Kp, the different formats of Kc (reciprocals and roots) and the relationships in simultaneous equilibria. 

· Understand and be able to apply to calculations, the concept of solubility product.

· Understand and be able to apply to calculations, the concept of common ion effect.
	Day
	Classroom activities
	Asignment

	1-2
	Cobalt Rx (pink and blue)

F of C #30, 32

LeChatelier’s Principle

Basic Concept of Equilibrium

CuCl2 Quick Lab
	Bergman Podcast



	2-3
	FeSCN lab (maybe at IUP)
	FR 2006B #5

	4
	Equilibrium Calculations

(handout) Introduction to ICE tables
	Book problems



	5-6
	More calculations: AP Essays: 2003, 2004B #1, 2004B #8, 2010B #1, 2008#1, 2000#1
	FR questions

Book problems

	7-8
	Ksp POGIL activity + AP Essays: 2010 #1, 2006 #1, 2004 #1
	 FR Questions

Book problems


Lab for Unit Seven:  

FeSCN+2 Equilibrium:  LeChateliers Principle and Kc1

1  Lab from CHEM 112 at IUP

Plan for Unit Eight: Acids and Bases

Student learning goals:

All students should:

· Be able to recall the Bronsted Lowry, Arrhenius and Lewis definitions of an acids and bases 

· Be able to identify acid base conjugate pairs 

· Recall the difference between strong and weak acids in terms of ionization 

· Be able to calculate pH of strong acids and strong bases 

· Be able to calculate pH of weak acids and weak bases using Ka and Kb 

· Recall a definition of Kw, the ionic product of water 

· Recall the definition of a buffer 

· Understand and how a buffer works 

· Be able to identify and calculate the pH of a buffer solution 

· Understand the techniques and procedures associated with titrations 

· Be able to sketch titration curves and be able to suggest a suitable indicator for a particular titration 

· Understand the hydrolysis of salts and the effect this has on pH 

· Understand the meaning of the term 'equivalence point' 

· Understand how indicators work
	Class period
	Classroom activities
	Assignment

	1 
	Definitions of Acid and Base, pH, pOH   
	 Selected Book Problems

	2-3
	 Ka, Kb, Kw Handout
	Review Handout problems

Selected Book Problems

	4
	 Salt Hydrolysis Discussion
	Neal Inquiry Handout

	5
	 Buffers packet
	  2009B #1

  2009 #1

  2007 #1, 2005 #1

	6-7
	 Titration Curve Lab
	  

	8-9
	 Selected AP Essays
	  2006B #1

  2005B #1

  2002 #1, 2002B #1

	10-11
	 Ka of an Indicator Lab (can do at IUP)


	Review Problems

2007B #5, 2002B#8

2003


Labs for Unit Eight:

Ka of an Indicator1
Titration Curves

Determination of the Molar Mass of a Solid Acid by Titration (optional)

1.  Labs from CH 112 at IUP.

Note:  Several Podcasts are posted for review on class website

Plan for Unit Ten: Electrochemistry
Student learning goals:

All students should be able to:

· Recall the definition of oxidation and reduction in terms of electrons 

· Understand and recall the definition of standard electrode potential 

· Understand and recall how to construct a cell diagram (line notation) and draw a diagram (picture) of the apparatus needed 

· Recall the conditions that standard electrode potentials are measured under 

· Understand the nature and purpose of a salt bridge 

· Be able to predict the likelihood or otherwise of chemical reactions using standard electrode potentials and understand how those predictions may not prove to be accurate 

· Understand and use the Nernst equation 

· Understand electrolysis and be able to perform quantitative calculations relating to it
· Understand the relationship between Gibbs free energy, equilibrium constants and Ecell, and be able to perform related calculations

	Class period
	Classroom activities
	Assignment

	1
	Mini-lecture on balancing redox reactions
	Textbook problems

	2
	Redox Rx practice
	Handout Rx

	3
	Redox Titration
	Lab Report 

	4
	F of C voltaic cells
	Selected AP Essays



	5
	Voltaic Cells Lab (optional)
	Practice problems 

	6
	More Lab (Nernst Equation)
	Report

	7
	F of C Electrolytic Cells  
	AP Essays

POGIL-IC Batteries

	8
	Electrolysis Lab:  Plating copper (optional) 


	Report


Note:  Can do “Design an Electrode Lab” after AP Exam

Labs for Unit Ten:

Voltiac Cells

Plating Copper

Redox titration  (if not done with unit 1)

Plan for Unit Nine: Thermodynamics

Student learning goals:

All students should be able to:

* Define Entropy

* Use the concept of Entropy Changes to understand driving forces in a chemical process.

* Use Gibbs free energy values to predict reaction spontaneity.

* Calculate ΔH, ΔS and ΔG for chemical systems from data.

	Class period
	Classroom activities
	Assignment

	1
	Lecture:  Gibbs Free Energy and Entropy
	Neal Packet 

	2-3
	 Selected AP Essays
	2002B #2, 2004 #2, 2006 #2, 2007 #2


Miscellaneous Classroom Activities and Time Allotment:

Reaction Review Throughout the Year:  5 days

AP Exam Review:  10 days (if time allows)

Total Classroom days for course until exam = ~ 160

Days after exam = ~ 20

Classroom Days for Lab = ~ 40 including two full school days at IUP

