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DESCRIPTION: We cover the ideal gas law; chemical equilibrium; gaseous and aqueous equilibria including acid and base equilibria; phase changes; thermochemistry; calorimetry; relationships between heat, work, internal energy; the first, second and third laws of thermodynamics; enthalpy, entropy, and free energy changes; redox reactions, electrochemistry and its role as energy source (batteries); electrochemistry and its applications (e.g., pH electrode); chemical kinetics, zero, first, and second order rate laws, catalysis and reaction mechanisms; energy profiles; Arrhenius equation; kinetic versus thermodynamic control; differences between free energy of activation and activation energy. Each section will apply fundamental concepts to examples from inorganic and organic chemistry, including reactions that impact the environment and biological examples. 
SYLLABUS

Chemical Equilibrium
review ideal gas law; calculations using PV = nRT; calculating equilibrium constants (Kc and Kp) and equilibrium concentrations for gaseous and liquid phase reactions (solving quadratic equations, simplifying cubic equations); non-equilibrium conditions and calculating the reaction quotient (Q); applying Le Chatelier's principle to changing chemical and physical conditions; predicting reaction direction using Q and K; biological examples (ATP hydrolysis, etc.)
Acid and Base Equilibria
Acidity and basicity constants, the conjugate seesaw and related equations (KA KB = KW; 
pKA + pKB = pKW); autoprotolysis and related equations (pKW = pH + pOH); use chemical equilibrium concepts to problem solve and calculate the pH and pOH of aqueous solutions containing weak acids and bases; use equilibrium tables to calculate the pH of salt solutions and the pH of a weak acid and its salt; applying chemical equilibrium and acid-base concepts to environmental and biological examples (e.g., buffers, blood pH)
Thermochemistry and The First Law of Thermodynamics

phase changes; exothermic and endothermic reactions; enthalpy is a state function (Hess's law); using standard enthalpies of known reactions or bond enthalpies or standard enthalpies of formation to calculate an unknown enthalpy; heat capacities; calorimeters; calorimetry calculations; thermodynamic systems; heat, work, and internal energy; calculate work of expansion (reversible and irreversible); calculate change in internal energy due to heat and work; relationship between change in internal energy and change in enthalpy; applications (burning fossil fuels, alternative fuels, biological examples) 

The Second and Third Laws of Thermodynamics

entropy, Boltzmann equation; applying 1st, 2nd, and 3rd laws to calculate changes in work, heat, enthalpy, energy and entropy; reversible, irreversible, isothermal and adiabatic changes; temperature dependence of entropy; calculate entropy changes for phase changes and chemical reactions; relationship between Gibbs free energy and spontaneity; calculate standard Gibbs free energy knowing the standard enthalpy change and standard entropy change; calculate standard Gibbs free energy using standard free energies of formation; relationship between the equilibrium constant and standard Gibbs free energy; van’t Hoff equation; relationship between free energy and work (non-equilibrium); examples (ATP hydrolysis, etc.)
Electrochemistry and its Applications

galvanic/voltaic cells; balancing redox reactions; calculating standard redox potentials; cell diagrams; electrochemical series; relationships between work, free energy and cell (redox) potentials; pH electrodes; applications of the Nernst equation (concentration cells, calculating cell potentials, calculating equilibrium constants, pH)
Chemical Kinetics

reaction rates; reaction order; method of initial rates; derivation and application of the differential and integrated zero, first, and second order rate laws and their half-lives to determine the order of a reaction and calculate concentrations, rate constants and half-lives; elementary steps and determining reaction mechanisms; pre-equilibrium reaction mechanisms; relationship between rate constants and equilibrium constant; activated complex model; reaction energy profiles; Arrhenius equation and calculating activation energies; catalysts; kinetics rather than thermodynamics controlling a reaction; differences between free energy of activation and activation energy; examples (e.g., radioactive decay as a first-order rate law)
