AP Chemistry Syllabus
Agoura High School


Course Description
This AP Chemistry course is designed to be the equivalent of the general chemistry course usually taken during the first year of college. Therefore, there are college level expectations for pacing, behavior, and quality of work. This course is structured around the six big ideas articulated in the AP Chemistry curriculum framework provided by the College Board. [CR2] A special emphasis will be placed on the seven science practices, which capture important aspects of the work that scientists engage in, with learning objectives that combine content with inquiry and reasoning skills. AP Chemistry is open to motivated students who wish to take part in a rigorous and academically challenging course. 

Big Idea 1: Structure of matter

Big Idea 2: Properties of matter-characteristics, states, and forces of attraction

Big Idea 3: Chemical reactions

Big Idea 4: Rates of chemical reactions

Big Idea 5: Thermodynamics

Big Idea 6: Equilibrium

Textbook [CR1]
Chang, Raymond. Chemistry, Ninth Edition. New York: McGraw Hill, 2007.
Required Materials
Scientific calculator

Course Outline [CR2] 
	Unit 1: Introduction

	Number of Quizzes: 2
Number of Exams: 1
Demonstrations: 1) Density of Coke vs. Diet Coke 2) Density of water vs. salt water  3) Hot water vs. cold water in Erlenmeyers 

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Nomenclature

· Complete and Balance Double Displacement
· Calculator Use

· Significant Figures

· Density

· Percent by Mass

· Percent by Volume
	· Density of Solids

· Density of Liquids

· Penny Lab


	1
	1.A.1

1.A.2


	1.2




	Unit 2: Moles

	Number of Quizzes: 1
Number of Exams: 1

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Definition of mole

· Mass to moles to number of particles

· Percent composition

· Empirical Formula

· Molecular formula

· Hydrated crystals

· Molarity

· Dilutions
	· Copper Chloride  
· Hydrate crystal


	1
	1.A.1

1.A.2

1.A.3
	1.1

1.3

1.4


	Unit 3: Stoichiometry and Reaction Types

	Number of Quizzes: 1
Number of Exams: 1
Demonstrations: 1) formation and combustion of acetylene 2) potassium chlorate and sugar 3) explosive decomposition of nitrogen tri-iodide 4) sulfuric acid and sugar

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Mass to mass

· Single Displacement

· Decomposition (binary, chlorates, hydroxides, carbonates)
· Combustion

· Acid Carbonate Lab

· Synthesis

· Combustion Analysis

· Limiting Reactants

· Percent Yield
	· Double Displacement

· Acid Carbonate

	1, 3
	1.A.3

1.E.1

1.E.2

3.A.1

3.A.2

3.B.1

3.C.1
	1.17

1.18

1.19

3.1

3.3

3.4

3.5

3.6




	Unit 4: Gases

	Number of Quizzes: 2
Number of Exams: 1
Demonstrations: 1) Density of carbon dioxide 2) Hindenburg 3) Graham’s Law

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Gas Laws (P,V,T)
· Ideal Gas Law

· Gas density

· Partial Pressure

· Collection Over Water

· Ideal vs. Real

· Kinetic Molecular Theory

· Graham’s Law
	· Absolute Zero

· Molar Volume

Students relate Maxwell-Boltzmann distributions to changes in T and how this will affect the average kinetic energy. LO 5.2 [CR3e]

	2, 3
	2.A.2

3.A.2
	2.4
2.5

2.6

5.2




	Unit 5: Thermo Part 1

	Number of Quizzes: 2
Number of Exams: 1
Demonstrations: 1) Barium hydroxide and ammonium thiocyanate 2) thermite

Socratic Seminar: Alternative Energy

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Calorimetry

· Specific Heat

· Heat of Reaction

· Hess’s Law

· Heat of Solution

· Molar Heat of Combustion

· Energy Profiles

· Phase Diagrams

· Work
	· Specific Heat Lab

· Peanut Lab

· Wax Lab

· Heat of Solution

	2, 3, 5
	2.A.1

3.C.1

3.C.2

5.A.1

5.A.2

5.B.1

5.B.2

5.B.3

5.B.4

5.C.1

5.C.2

5.D.1

5.D.3
	2.3
5.3

5.4

5.5

5.6

5.7


	Unit 6: Atomic Structure and the Periodic Table

	Number of Quizzes: 1
Number of Exams: 1

Socratic Seminar: “The Mighty Atom” from A Short History of Nearly Everything by Bill Bryson

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Rutherford Experiment

· Light

· Photoelectric Effect

· Bohr’s Model

· Quantum Mechanical Model
· Electron configuration

· Pauli Exclusion Principle

· Hund’s Rule

· Effective nuclear charge

· Electron shielding

· Electron density

· Atomic size

· Ionic size

· Ionization energy

· PES Data and subsequent ionization energies

· Electron affinity

· Metallic character

· Reactivity

· Mass spectrometry


	· Emission spectrum of H

· Flame Tests

Given a table of Ionization Energies for many electron atoms, students are able to predict the number of valence electrons and determine the relative placement of each atom on the periodic table. LO 1.6 [CR3a]

	1
	1.B.1

1.B.2

1.C.1

1.C.2

1.D.1

1.D.2

1.D.3


	1.5
1.6

1.7

1.8

1.9

1.10

1.11

1.12

1.13

1.14

1.15

1.16 


	Unit 7: Bonding and IMF

	Number of Quizzes: 1
Number of Exams: 1

Demonstration: Conductivity of electrolyte and non-electrolyte solutions



	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Ionic Bonding

· Covalent Bonding

· Lewis Structures

· Molecular Geometry

· Orbital shapes

· Hybridization

· Ionic solids

· Metals

· Molecular covalent solids

· Network covalent solids

· Properties of aggregates based on crystal type (MP, volatility, hardness, solubility)

· Bond energy

· Capillary action

· Miscibility

· Biological applications of IMFs (substrate-enzyme interaction)

· Partial charge

· Delocalized pi bonding

· Alloys
	· Molecular models

· Properties of Aggregates

· Analyzing graphs of potential energy and bond length

Given molecular formulas, students will predict the molecular geometry, identify the hybridization, and determine whether or not the molecule is polar.  LO 2.21 [CR3b]

	2, 5
	2.A.1

2.B.1

2.B.2

2.B.3

2.C.1

2.C.2

2.C.3

2.C.4

2.D.1

2.D.2

2.D.3

2.D.4

5.D.3
	2.1
2.11

2.12

2.13

2.14

2.17

2.18

2.19

2.20

2.21

2.20

2.23

2.24

2.25

2.26

2.27

2.28

2.29

2.30

2.31

2.32

5.1

5.8

5.9

5.10

5.11




	Unit 8: Properties of Solutions

	Number of Quizzes: 0
Number of Exams: 1

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Molality and molarity

· Freezing point depression

· Boiling point elevation

· Vapor pressure lowering

· Osmotic pressure
	· Freezing point depression

· Molar Mass Determination

· Chromatography


	2, 3, 5
	2.A.1

2.A.3

3.A.1

5.D.2
	2.7
2.8

2.9

2.10

2.15

2.16


	Unit 9: Kinetics

	Number of Quizzes: 2
Number of Exams: 1

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Rate expressions

· Rate laws

· Effect of temp on k

· Connection to KMT

· Activation Energy 

· First Order Kinetics

· Second Order Kinetics

· Mechanisms

(Incl fast equilibrium)

· Catalysis and types of catalysts
	· Rates Lab

· Kinetics Graphing Activity on computers

Students create and analyze graphs of l [A] vs time, ln[A] vs. time, and 1/[A] vs. time to determine the order of a reaction and the rate constant. LO 4.2 [CR3d]

	4
	4.A.1

4.A.2

4.A.3

4.B.1

4.B.2

4.C.1

4.C.2

4.C.3

4.D.1

4.D.2
	4.1
4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9


	Unit 10: General Equilibrium

	Number of Quizzes: 2
Number of Exams: 1

Demonstration: Heating and cooling of NO2/N2O4 to affect equilibrium position

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Equilibrium expressions

· Kc and Kp

· Find K

· Given K, find eq conc

· Le Chatelier’s principle and connection to k of fwd and rev reaction


	· Le Chatelier’s Principle

Students are given data of Partial Pressure vs. time for reactants and products.  Students plot this data and determine the magnitude of Kp from the equilibrium partial pressures. LO 6.5 [CR3f]

	3, 6
	6.A.1

6.A.2

6.A.3

6.A.4

6.B.1

6.B.2
	6.1
6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10




	Unit 11: Solubility 

	Number of Quizzes: 0
Number of Exams: 1

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Net Ionic
· Precipitation rxns
· Ksp ( molar sol
· 
	· Mini Solubility Lab

· Identification of Precipitates
· Ksp lab

	3, 6
	3.A.1

6.A.1

6.A.2

6.A.4

6.B.1

6.B.2

6.C.3
	6.21
6.22

6.23

6.24




	Unit 12:Acid Base

	Number of Quizzes: 2
Number of Exams: 2

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Arrhenius Defn
· pH math

· Strong acids

· Strong bases

· Titrations

· Dilutions

· Bronsted-Lowry

· Conjugate pairs

· Weak acids

· Polyprotic weak

· Weak bases

· Hydrolysis

· Buffers

· Titration curves

· Strengths of acids and molecular structure

· Physiological buffers

· Environmental equilibrium
	· pH Lab
· Titration curves

· Strong Acid- Strong Base Titration

Given a set of proton-transfer reactions, students identify the Bronsted-Lowry conjugate acids and bases. LO 3.7 [CR3c]

	3, 6
	3.A.1

3.B.2

6.A.1

6.A.4

6.B.1

6.B.2

6.C.1

6.C.2
	1.20
2.2

3.7

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20




	Unit 13: Thermo Part 2

	Number of Quizzes: 1
Number of Exams: 1
Demonstration: Underwater Fireworks

	Topic
	 Labs and Activities

	Big Ideas
	EU
	LO

	· Entropy

· T and entropy
· Spontaneity

· Exergonic/endergonic
· Connection to K

· Thermodynamically favorable vs. unfavorable

· Light as impetus for reaction

· Coupling of reactions

· Kinetic control
	
	5, 6
	5.E.1
5.E.2

5.E.3

5.E.4

5.E.5

6.D.1
	3.11
5.12

5.13

5.14

5.15

5.16

5.17

5.18

6.25


	Unit 14: Oxidation-Reduction

	Number of Quizzes: 2
Number of Exams: 1

Demonstration: Electroplating coins



	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Oxidized and Reduced

· Balancing in Acid and Base
· Voltaic cells

· Galvanic cells

· Products of electrolysis

· Quantitative electrolysis

· E and Spontaneity

· Le Chateiier’s Principle
	· Metal Reactivity Series

· Electrochemical cell

· Redox Titration

	3, 6
	3.B.3

3.C.3

6.A.1

6.A.2

6.A.4

6.B.1

6.B.2
	3.8
3.9

3.12

3.13


	Unit 15: Organic

	Number of Quizzes: 0
Number of Exams: 1

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	· Alkanes

· Alkenes

· Alkynes

· Alcohols

· Organic acids

· Amines


	· Boiling point of alcohols

	2
	2.A.1

2.B.1

2.B.2

2.C.1
	


	Unit 16: Review for AP Exam

	

	Topic
	Labs and Activities

	Big Ideas
	EU
	LO

	All topics with an emphasis on organization according to big ideas
	· A Series of Copper Reactions

	1, 2, 3, 4, 5, 6
	
	3.2
3.10


	Unit 17: Debate Project

	Students form groups of four.  Within the group, there are two teams of two.  One team will argue in favor of a resolution while one team will oppose the resolution.  They must research a current issue that has scientific, economic, political, and social implications and present both sides of this issue to their classmates.

To do so effectively, they must understand bias in sources, defend their arguments, disarm their opponents’ arguments, and field probing questions from their classmates. [CR4] 


AP Chemistry Lab List [CR5b, CR6]
The following labs will be completed during the school year. Guided Inquiry Labs are indicated with an asterisk (*).

*Guided Inquiry Lab: Density of Solids
Description: Compare ruler measurements and water displacement as means of determining the volume of solids and identify an unknown metal based on its density.


SP 2, 4, 5
Lab: Density of Liquids

Description: Analyze the relationship between mass and volume and density and volume for water and an aqueous solution of calcium chloride and understand which measurements are most likely to be erroneous


SP 2, 5, 6
Lab: Penny Lab
Description: Add HCl to a penny to oxidize all of the zinc, thus determining the percent copper in a post-1982 penny.


SP 3, 5, 6
Lab: Paper Chromatography
Description: Students will test multiple pigments using paper chromatography in order to determine if they are mixtures.


SP 4, 5, 6
Lab: Determination of the Empirical Formula 
Description: Analysis of a copper chloride compound via reduction of aqueous copper chloride by addition of aluminum foil

SP 2, 5, 6

*Guided Inquiry Lab: Gravimetric analysis of a hydrated crystal
Description: Students will develop a procedure for determining the amount of water in hydrated crystals of copper (II) chloride and copper (II) sulfate.  They will carry out the experiment and compare their results to the accepted values and explain any discrepancies.

SP 4, 5, 6

Lab: Double displacement lab

Description: Gravimetric analysis and identification of a precipitate produced by mixing aqueous solutions of lead nitrate and potassium iodide

SP 3, 5, 6
Lab: Acid Carbonate Lab

Description: Reaction of solid sodium carbonate and aqueous hydrochloric acid with purpose of determining a) percent yield of sodium chloride and b) concentration of HCl solution

SP 3, 5, 6
Lab: Absolute Zero

Description: Students use a pressure gauge attached to a constant volume gas bulb to measure the pressure at various temperatures.  Students then extrapolate using a line of best fit to determine the temperature at which the pressure of the gas will be zero.

SP 2, 5, 6

Lab: Molar Volume

Description: Students react magnesium and hydrochloric acid and collect hydrogen gas over water.  From the volume of hydrogen collected (adjusted to dry at STP) students determine what the theoretical molar volume should be for any gas.

SP 4, 5, 6
Lab: Peanut Lab

Description: Students burn a peanut and harness the energy with an aluminum foil and water calorimeter.  Students then calculate the efficiency of heat transfer of the system and explain the low heat transfer.

SP 4, 5, 6
*Guided Inquiry Lab: Wax Lab

Description: Students burn a candle and harness the energy with an aluminum foil and water calorimeter.  From this data and an assumed efficiency of 25%, students calculate the molar heat of combustion and the heat of formation of wax.

SP 4, 5, 6
Lab: Heat of Solution

Description: Students dissolve known quantities of solids into water and compare the predicted temperature change to actual temperature change.  Additionally, with sodium carbonate, the temperature change is used to calculate the molar heat of solution and the heat of formation of sodium carbonate.

SP 4, 5, 6
Lab: Emission spectrum of hydrogen and Bohr’s Model of the Atom

Description: Students use spectrophotometers to analyze the emission spectrum of hydrogen.  Next, they figure out which electron jumps will produce these bands.  Also, they explain how the appearance of these bands support Bohr’s model


SP 1, 2, 5, 6
Dry Lab: Molecular Models

Description: Students build models of several hydrocarbons, CO2, NH3, H2O, and benzene in order to observe how double bonds, triple bonds, and lon pairs change the bond angles and the polarity of the molecule.

SP 1, 5, 6
Lab: Properties of Aggregates

Description: Students examine the melting point, volatility, hardness, solubility in water, solubility in a nonpolar solvent, and texture of a variety of known crystals.  Additionally two unknown crystals are classified based on their properties.

SP 4, 6
*Guided Inquiry Lab: Freezing Point Depression

Description: Students freeze pure water and aqueous solutions in order to a) observe the cooling curves b) find the melting point c) calculate the van’t Hoff factor and d) explain differences between the expected and actual van’t Hoff factor.

SP 4, 5, 6
*Guided Inquiry Lab: Molar Mass Determination by Depression of Freezing Point

Description: Students are given a sample of a non-electrolyte and asked to find the molar mass.


SP 2, 4, 6
Lab: Rates Lab

Description: By manipulating the concentration of two reactants and timing the reaction students determine the order with respect to each reactant and the rate law for the reaction of potassium iodate and sodium sulfite.  

SP 1, 2, 5, 6
Lab: Le Chatelier’s Lab

Description: Students observe and explain changes in the equilibrium position of a complex ion reaction caused by the additions of several ions.  Additionally, students determine whether a cobalt reaction is endothermic or exothermic based on the observed shifts that result from changes in temperature.  

SP 4, 6
Lab: Mini-Solubility

Description: Students create a saturated sodium chloride solution then add concentrated hydrochloric acid.  They observe and explain the formation of white solid in terms of the relative solubilities of the two “soluble” compounds.


SP 4, 6
Lab: Identification of Precipitates

Description: Students test several cations against several anions to see which result in precipitates. From these observations, they construct solubility rules.

SP 4, 6
Lab: Ksp of Ca(OH)2
Description: Students use successive dilutions to create twelve different concentrations of Ca+2(aq). Then, by adding the same amount of hydroxide to each well and observing which wells contain precipitate, students can estimate the solubility product of calcium hydroxide.

SP 2, 4, 6
Lab: pH Lab

Description: Students use cabbage juice to create a set of pH standards.  These standards are used with the indicator to a) determine the pH of various household substances and b) create a crude titration curve.

SP 4, 6
Lab: Strong Acid – Base Titration

Description: On Day 1, Students practice a strong-strong titration to determine the molarity of the acid.  On Day 2, students repeat the procedure with a new acid and are graded on the accuracy of their answer.

SP 4, 5, 6
Lab: Determination of Ka of a Weak Acid
Description: Students titrate an unknown 0.1 M weak acid solution with 0.1 M NaOH, measuring pH incrementally.  Students generate a titration curve and use this plot to determine the equivalence point, the half-equivalence point, and Ka.

SP 4, 5, 6
Lab: Flame Tests

Description: Students observe the color emitted by different cations.

SP 4, 6
Lab: Metal Activity Series

Description: Students test metals against metal ions to determine the relative strength of each reducing agent and oxidizing agent.  From these data, they construct a crude redox table.

SP 4, 6
Lab: Electrochemical Cells

Description: Students design, build, and test electrochemical cells.  They connect them in series and parallel and compare the voltages of each arrangement.  Ultimately, they decide how to configure them in order to power a calculator.

SP 4, 6
Lab: Redox Titration in Acidic Medium
Description: A solution of Fe+2 is analyzed using a known solution of potassium permanganate.


SP 4, 5
Lab: Boiling Points of Alcohols
Description: Students experimentally determine the boiling points for four alcohols and explain these trends in terms of molecular structure.


SP 4, 5, 6
*Guided Inquiry Lab: White Solid
Description: Students are given any of four white powders and must identify them based on a series of tests then submit and defend their results.


SP 4, 6
Lab: Copper Series

Description: In a multi day lab, students oxidize solid copper, carry it through a series of reactions and finally reduces it back to solid metal.  

Oxidation by nitric acid

Precipitation of Cu(OH)2
Decomposition of of Cu(OH)2 to form CuO

Dissolve CuO with HCl to form CuCl2
Precipitation of copper II phosphate

Dissolve copper phosphate with sulfuric acid

Reduction of Cu+2 by Al(s).

SP 2, 4, 5, 6
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1

