SYLLABUS FOR A.P. CHEMISTRY

TEXT:  Chemistry, Matter and Its Changes by Brady and Senese, 4th edition, John Wiley & Sons, Inc., 2004
LAB MANUAL:  Advanced Chemistry with Vernier by Jack Randall, Vernier Software and Technology, 2006

Laboratory Experiments for Advanced Placement Chemistry, 2nd Edition by Sally Ann Vonderbrink, Flinn Scientific Inc.
COURSE DESCRIPTION:  The class meets 4 days each week for 70 minutes and one day each week for 90 minutes.  Each week the 90 minute class will be devoted to laboratory work.  Students keep a formal laboratory notebook.  The notebook will be graded after each lab.

     Students should have completed courses in Honors Chemistry and Honors Biology and maintained a high average.  The class will move at a rapid pace.  Much of the material for the course has already been covered in Honors Chemistry.  This material will be reviewed and often covered in greater depth.  More time will be spent going over material not previously covered and in lab work.  
OBJECTIVES:

Students will:

1. Gain a greater understanding of:  the structure of matter, the states of matter, chemical reactions, organic chemistry, physical chemistry, nuclear chemistry, and descriptive chemistry.

2. Apply mathematical and scientific knowledge and skills to solve quantitative, qualitative, spatial, and analytic problems.

3. Apply basic arithmetic, algebraic, and geometric concepts.

4. Develop and test hypotheses.

5. Draw inferences and conclusions from data. 

6. Use manipulative and technological tools including the TI 83+ or TI 84+ graphing calculator and LabPro units.
7. Measure, compare, scale, locate accurately.

8. Learn better to think critically to solve problems.

LABORATORY WORK:

All of the experiments in this course are student labs that require hands-on work in the laboratory.  Students will ordinarily work in pairs and will collect, process, manipulate, and graph data from both qualitative and quantitative observations.  Each student is to report all data, calculations, results, and conclusions in a lab report that is submitted for grading.  At times the students will be required to submit a formal lab report.

TECHNOLOGY:

Students use TI 83/84+ graphing calculators in both their class work and laboratory work.  They use Vernier LabPros and probes in laboratory work to gather data.  Graphs are produced using Vernier LoggerPro software.

LABORATORY NOTEBOOK:  

A laboratory notebook is required for the course.  All completed labs must be included in the notebook.  The notebook will be graded after each lab.  Lab write-ups will be worth 10 to 20 points each.  Points will be deducted for turning in late write-ups.
HOMEWORK:

Homework will be assigned frequently.  Assignments will be worth 3 points each. 

TESTS AND QUIZZES:  

Tests will ordinarily be given at the end of each chapter.  Several of the early chapters will be combined.  Tests will ordinarily be worth 100 points.  Quizzes will have lower values.  Students are required to take a semester exam that is worth 20% of the grade.

COURSE OUTLINE: 

CHAPTER 3 – MEASUREMENT – 5 days
The student will understand basic concepts and work problems involving the following topics.

1. SI system, conversions

2. Significant figures and calculations

3. Fahrenheit, Celsius, Kelvin temperature scales, conversions

4. Accuracy and precision

5. Percentage error, calculation

6. Density

7. Factor Label Method and problem solving 
Lab – AP lab 18 – Liquid Chromatography
CHAPTER 1 – ATOMS AND ELEMENTS – 5 days

1. Chemical and Physical properties and changes

2. Classification of Matter

a. Solids, liquids, gases, plasma

b. Element, compound, mixture (homogeneous vs heterogeneous)

c. Metals, nonmetals

3. Early history of chemistry stressing early experiments

4. Law of conservation of mass

5. Laws of definite and multiple proportions 

6. Dalton’s atomic theory

7. Avogadro’s hypothesis

8. Modern view of the atom

9. Introduction to the Periodic Table

Lab – AP lab 2 – Determination of water in a hydrate
CHAPTER 2 – COMPOUNDS AND CHEMICAL REACTIONS – 5 DAYS

1. Ionic and covalent bonding

2. Writing chemical formulas

3. Nomenclature

4. Writing equations

5. Identifying composition, decomposition, single replacement, and double replacement reactions

Lab – AP lab 1 – Determination of a chemical formula
CHAPTER 4 – STOICHIOMETRY – 7 DAYS

1. Problem solving involving moles, molar mass, formula mass, percentage compositon, empirical formulas, molecular formulas

2. Stoichiometric equivalence and problem solving using this concept
3. Solving stoichiometic problems including percentage yield and limiting reagents

Lab – AP lab 15 – Synthesis and analysis of alum
CHAPTER 5 --REACTIONS IN SOLUTION – 7 DAYS

1. Solution terms

2. Solubility rules for salts

3. Ionization rules

4. Writing ionic and net ionic equations

5. Arrhenius acids and bases – concepts, strength, properties, preparation

6. Introduction to dynamic equilibrium

7. Determining if a metathesis reaction occurs

8. Molarity – concept and solving problems

9. Dilution problems

10. Stoichiometric problems involving reactions in solution

11. Titration problems.

12. Bronsted acids and bases – concept, strength, conjugate acid-base pairs, amphiprotic substances

13. Lewis acids and bases – concept, identification of

Lab – AP lab 6 – Standardization of a solution using a primary standard


AP lab 7 Acid – base titration
CHAPTER 14 – SOLUTIONS – 7 DAYS

1. Like dissolves like

2. Dissolving mechanisms for solid in liquid, liquid in liquid, gas in liquid

3. Solvation energy, ideal solution

4. Effect of temperature and pressure on solubility of solids, liquids, gases in liquid

5. Problem solving involving Henry’s Law, percent concentration, molality, Raoult’s Law, boiling point elevation and freezing point depression, osmotic pressure, conversion of one concentration expression to another

6. Colligative properties
7. Colloids

Lab – AP lab 4 – Using freezing point depression to determine molecular weight
CHAPTER 6 – OXIDATION – REDUCTION – 5 DAYS

1. Using the  Periodic Table to help determine oxidation numbers

2. Balancing molecular equations using oxidation number and half reactions

3. Balancing ionic equations using the ion – electron method

4. Oxidizing and nonoxidizing acids

5. Writing single replacement equations using the activity series of the elements

6. Using the periodic table to write replacement reactions for halogens.

7. Using the periodic table to predict the activity of elements

8. Writing equations for the combustion of metals, nonmetals, and hydrocarbons

9. Solving stoichiometric problems using oxidation-reduction equations

Lab – AP lab 8 – An oxidation – reduction titration

Chapter 7 – ENERGY AND CHEMICAL CHANGE – 7 DAYS

1. Potential and kinetic energy, Joule, calorie, system, open and closed systems, enthalpy, standard enthalpy

2. Kinetic molecular theory and the transfer of energy

3. Solving problems dealing with heat capacity and specific heat capacity

4. Endothermic and exothermic reactions

5. First law of thermodynamics and problems involving first law

6. Solving problems involving bomb and coffee cup calorimeters

7. Thermochemical equations

8. Hess’s Law 

9. Enthapy diagrams

10. Solving  problems involving Hess’s Law

11. Solving for standard enthalpies by using standard enthalpies of formation

Lab -- AP lab 9 – Determining mass and mole ratio in a chemical reaction


AP lab 13 – Determining the enthalpy of a chemical reaction

CHAPTER 8 – ATOMIC STRUCTURE – QUANTUM MECHANICS – 6 DAYS

1. Electromagnetic radiation

2. Wave terms

3. Dual nature of light

4. Solving problems involving the energy of photon, wave length, frequency

5. Difference between a continuous and atomic spectrum

6. Solving problems using Rydberg equation

7. Solving problems involving energies of electron transitions

8. Atomic theories of Dalton, Thomson, Bohr, Sommerfeld

9. Theories of deBroglie, Heisenberg, Schroendinger

10. Quantum numbers

11. Drawing and naming the s, p, d orbitals

12. Using Aufbau Principle, Hund’s Rule, and Pauli Exclusion Principle in writing electron configurations and orbital notation.

13. Using Periodic Chart and abbreviated notation to determine exceptions when filling orbitals

14. The basis for the periodic law and trends such as atomic and ionic radii, ionization energy, electron affinity, and electronegativity

Lab -- AP lab 17 – Determining the concentration of a solution using Beer’s Law

CHAPTER 9 – CHEMICAL BONDING – 5 DAYS

1. Ionic bonding in terms of ionization energy, electron affinity, and lattice energy

2. Failure of octet rule

3. Drawing Lewis structures for atoms, ions, and molecules

4. Graphical representation of covalent bond formation

5. Using Periodic Chart to determine polarity, dipole moments, electronegativity,  percent ionic character, and reactivity
6. Formal charges

7. Resonance structures

8. Coordinate covalent bond

CHAPTER 10 – BONDING AND STRUCTURE – 5 DAYS

1. Using Lewis structures to determine shape, bond angle, polarity, and hybrid type used

2. VB theory vs MO theory

3. Drawing molecular orbital energy diagrams for selected homonuclear and heteronuclear diatomic molecules and using them to predict bond order, and stability

Lab – molecular models
CHAPTER 11 – GASES – 6 DAYS

1. Pressure 

2. Kinetic theory of ideal gases

3. Pressure units and conversions between units

4. Solving problems using Dalton’s Law of Partial Pressures

5. Solving problems using Boyle’s, Charles’, Gay-Lussac’s and combined gas laws

6. Solving gas law problems when the gas is collected over water

7. Solving problems using the ideal gas law and variations of it

8. Real vs ideal gases

9. Solving problems using a combination of stoichiometry and the ideal gas law

10. Solving problems using Graham’s Law of Effusion and van der Waal’s equation.

Lab – AP lab 3 – Molar mass of a volatile liquid

AP lab5 – Molar volume of a gas
CHAPTER 12 – INTERMOLECULAR FORCES, LIQUIDS, SOLIDS – 5 DAYS

1. Intermolecular vs intramolecular forces

2. London forces, dipole-dipole forces, ion-dipole forces, hydrogen bonds

3. Kinetic molecular forces and the properties of liquids and solids

4. Intermolecular forces and their effect on diffusion, surface tension, wetting, viscosity, evaporation, sublimation, boiling and equilibrium vapor pressure 

5. Interpreting heating and cooling curves and using them to calculate the amount of energy involved in changing from one phase to another.  

6. Solving problems using LeChatelier’s Principle

7. Interpreting phase diagrams and correctly defining terms such as triple point, critical temperature and critical pressure

Lab – AP lab 14A – Separation and Qualitative Analysis of Cations
CHAPTER 13 – SOLIDS – 3 DAYS

1. Unit cells, lattices, amorphous solids

2. Crystal types

3. Bragg equation

4. Band theory, metallic bonding

5. Liquid crystals

Lab – AP lab 14 B – Separation and Qualitative Analysis of Anions
CHAPTER 15 – KINETICS – 9 DAYS

1. Collision theory of kinetics

2. Rate of a reaction

3. Factors affecting rate – nature of reactants, ability of reactants to meet, concentration, temperature, catalyst

4. Using experimental data to determine the rate law, order of the reaction, rate law constant with proper units

5. Comparing and contrasting zero, first, and second order reactions in terms of the plot needed to give a straight line, the relationship of the constant to the slope of the straight line, and the half-life of the reactant

6. Interpreting data from a first order reaction to determine its half-life

7. Solving problems involving activation energy and the Arrhenius equation

8. Interpreting the Boltzmann distribution law in light of reaction rates

9. Types of catalysts

Lab – AP lab 12 – Determination of the rate of a reaction and its order
CHAPTER 16 – EQUILIBRIUM – 5 DAYS

1. Concept of Equilibrium

2. Mass action expression, equilibrium quotient, equilibrium constant

3. Heterogeneous equilibrium

4. Solving for Kc and Kp and solving problems converting one to the other

5. Calculating Kc from concentrations and concentrations from Kc
Lab – AP lab 10 – Determining an equilibrium constant
CHAPTER 17 – ACIDS AND BASES, A SECOND LOOK – 3 DAYS

1. Concept of 

2. pH and pOH

3. Converting among [H3O]+, [OH]-1, pH, pOH

4. Calculating pH of strong and weak acid and base solutions

CHAPTER 18 – EQUILIBRIUM SOLUTIONS OF ACIDS AND BASES – 8 DAYS

1. Solving problems involving Ka, Kb, pKa, and pKb
2. Determining whether hydrolysis of salts results in solutions that are acidic, basic, or neutral

3. Solving problems determining the pH or pOH of salt solutions

4. Buffers

5. Solving problems calculating the pH of buffers

6. Using the Henderson-Hasselbalch equation to select components for a buffer of a given pH

7. Solving problems involving the ionization of polyprotic acids

8. Using a pH meter to determine an ionization curve and ionization constants 

9. Calculating the pH at various points of a variety of titration curves

10. Determining the best indicator to use for a titration

Lab – AP lab 11 – Investigating Indicators


AP lab 19 -- Buffers
CHAPTER 19 – SOLUBILITY AND SIMULTANEOUS EQUILIBRIA – 7 DAYS 

1. Solving problems using Ksp – molar solubility, formation of a precipitate, common ion effect, selective precipitation

2. Complex ions

Lab – Ksp of Ca(OH)2
CHAPTER 20 -- THERMODYNAMICS – 8 DAYS

12. Spontaneous and nonspontaneous changes, entropy and factors affecting it

13. Second and third laws of thermodynamics

14. Gibb’s Free Energy

15. Solving problems for standard entropies of reaction

16. Calculate standard Gibb’s free energies from standard Gibb’s free energies of formation

17. Calculation of maximum work derived from a reaction

18. Interpreting free energy diagrams

19. Calculating equilibrium constants from standard free energy changes
20. Calculating K from standard Gibb’s free energies of formation

21. Calculating K at other than standard conditions

CHAPTER 21 – ELECTROCHEMISTRY – 10 DAYS

1. Galvanic cells 

2. Standard reduction potentials

3. Calculating cell potentials, electrical work, free energy, spontaneous reactions

4. Nernst equation

5. Batteries

6. Electrolysis

7. Solving stoichiometric problems involving electrochemical reactions

8. Commercial electrolytic processes

Lab – AP lab 20 – Electrochemistry – Voltaic cells


AP lab 21 -- Electroplating
CHAPTER 22 -- NUCLEAR REACTIONS – 9 DAYS
1. Nuclear stability and radioactive decay
2. Writing nuclear equations

3. Kinetics of radioactive decay

4. Nuclear transformations

5. Detection and uses of radioactivity

6. Thermodynamic stability of the nucleus
7. Nuclear fission and fusion

8. Effects of radiation

9. Working problems involving nuclear binding energy

CHAPTER 23 – METALS – 5 DAYS
1. Preparation of metals from compounds by reduction

2. Calculating the temperature required for thermal decomposition

3. Metallurgy

4. Covalent character, ionic potential, and color

5. Names and structures of complexes

6. Defining central ion or atom, coordination sphere, coordination number, polydentate ligand, ligand, chelating agent, cis and trans isomers, ligand field splitting, low and high spin complexes

7. Drawing geometric and optical isomers of various complexes

8. Using crystal field splitting to predict colors and magnetic properties of complexes

9. Using crystal field splitting to predict high and low spin complexes

Lab – AP lab 16 – Conductimetric Titration and Gravimetric Determination of a Precipitate
CHAPTER 24 – NONMETALS – 5 DAYS

1. Metalloids and nonmetals as free elements and in compounds

2. Allotropes

3. Hydrogen compounds of metals and metalloids

4. Catenation

5. Oxygen compounds of metals and metalloids

6. Oxoacids and oxoanions

7. Halogen compounds

CHAPTER 25 – ORGANIC CHEMISTRY – 8 DAYS

1. The naming of alkanes, alkenes, and alkynes

2. Some basic reactions of the above,

3. Functional groups 

Lab – AP lab 22 – Synthesis and analysis of aspirin
The final ten full class days before the AP Chemistry Exam are used for exam review and practice tests using old AP exam materials.
