AP Chemistry
Name____________________________


Bell __  Date ___/___/___

AP Exam

STUDY GUIDE

The AP Chemistry Exam is divided into 5 major parts with an approximate percentage of the test questions pertaining to each area.  Below is a general idea of how they are divided, as per Barron’s Study Guide.  The list is extensive and may seem overwhelming so we will approach it as checklist.  It is wise to write equations, definitions, and hints that will help you that may have not provided for you.  

STRUCTURE OF MATTER – 20%

I. Atomic Theory & the Structure of the Atom
a. Evidence supporting the atomic theory: Dalton’s Atomic theory; J.J. Thomson’s plum pudding model showing electrons; Rutherford’s gold foil experiment to find protons; Chadwick’s radiation experiment to find neutrons; Balmer & Rydberg finding the electromagnetic spectra; Bohr showing orbitals; deBroglie & Schrodinger’s wave mechanical model; Heisenberg’s uncertainty principle
b. Atomic masses, atomic numbers, mass numbers, isotopes: atomic mass is the average of all isotopes of an element and is on the periodic table; atomic number = protons; mass number = protons + neutrons and IS NOT on the periodic table; isotopes are the same element but with different mass numbers due to different amount of neutrons
c. Electronic structure of the atom

i. Energy levels, atomic spectra: know electron configuration and the exceptions to the Diagonal Rule (Cr, Mo, Cu, Ag, Au, W, Pd, Pt); know the equations for calculating wavelength, frequency, etc.; wavelengths from strongest to longest (gamma ray,       X-ray, ultraviolet, visible, infrared, microwave, radio)
ii. Quantum numbers, atomic orbitals: principal level (n = 1,2,3…), orbital shape/sublevel (l = 0,1,2,3 if s,p,d,f), magnetic (ml = -l to +l and depends on the line), and spin (ms = + ½ or – ½ )
d. Periodic trends and relationships

i. Ionization energies (energy to remove outermost electron), electron affinities (attraction between an atom and a gained electron), Electronegativity (ability to get electrons while in a bond): these all increase up and to the right; F is the highest; +1 metals and -1 nonmetals ions are most reactive 

ii. Atomic and ionic radii, oxidation states: atomic radius increases down and left; cations are smaller than their original atoms while anions are larger than the original atom; valence electrons cane be determined by the group number and most transition metals have 2; metals’ oxidation states are the positive valence electron # and nonmetals tend to have valence electron – 8 = oxidation numbers; oxidation numbers should equal the charge of the compound/ion
II. Chemical Bonding
a. Inter- and intramolecular forces (IMF)

i. Ionic (typically metal & nonmetals; electrons are donated and accepted) and covalent bonding (typically all nonmetals; electrons are shared): ionic have stronger pull than covalent bonding and tend to have higher melting/boiling points and more rigid structures

ii. van der Waals forces (including London dispersion forces ( temp), dipole-dipole forces, and hydrogen bonding; listed above in order of strength; 

iii. Forces related to states, properties, and structure of matter: if IMF < Kinetic Energy then gas (total molecular disorder), if IMF ≈K.E. then liquid (little molecular disorder), if IMF > K.E. then solid (no disorder); pressure changes states because it pushes molecules closer together which changes the IMF’s; temp. changes states because it changes the kinetic energy 
iv. Bond polarity and electronegativity difference: if the difference in electronegativity is    < 0.5 then nonpolar, from 0.5 to < 2.1 then polar, and if ≥ 2.1 then ionic
b. Models of molecules

i. Lewis structures and their resonance structures: know how to tally electrons and draw them; include brackets and charges for ions; resonance structures need ↔ between them and simply show the same atoms and bonds but in different positions; real molecules are a sum of their resonance structures
ii. VSEPR Theory: lone pairs of electrons repel more and have larger electron domains than bonded pairs which change the bond angles and shapes of molecules
iii. Valence bond theory, hybridization, sigma and pi bonds: single bond = 1 sigma, double = 1 sigma & 1 pi, triple = 1 sigma & 2 pi; pi bonds have more orbitals overlapping than sigma bonds
	Main Shape (derivations as lone pairs replace atoms)
	Hybridization

	linear
	sp

	Trigonal planar (bent)
	sp2

	Tetrahedral (trigonal pyramidal & bent))
	sp3

	trigonal bipyramidal (distorted tetrahedral, T-shape, linear)
	sp3d

	Octahedral (square pyramid, square planar)
	sp3d2


c. Molecular geometry, structural isomerism

i. Geometry of simple molecules (both organic and inorganic): know the 5 basic shapes and their derived shapes when lone pairs come in; an isomer occurs on organics and  is the same chemical formula but has the group attached to a different carbon
ii. Coordination complexes: have a metal as the central atom and are surrounded by polyatomic ions or molecules
iii. Dipole moments, molecular polarity: find the dipole of each bond and the net direction of these shows the molecules dipole moment and if they cancel out then it will be a nonpolar molecule; if lone pairs are involved it will automatically be a polar molecule
iv. Relationship of properties to structure: like dissolves like; molecules will arrange them selves according to their polarity; [See II a I for more info on ionics vs. covalent]
III. Nuclear Chemistry
a. Nuclear equations, radioactivity: tops must be equal and bottoms must be equal; know all particles (alpha, beta, neutron, proton, electron, positron)
b. Half-lives and applications: substances decay at a steady rate; used in dating substances (carbon dating), medications & treatment, power supply (nuclear reactors), X-rays and illness detection, smoke detectors)
STATES OF MATTER – 20%

IV. Gases
a. Laws of Ideal Gases

i. Ideal Gas Law: PV = nRT (this can also be changed to PVM = mRT, where “M” is the molar mass and “m” is the grams of the substance); the heavier the gas the less ideal it is
ii. Dalton’s Law of Partial Pressures: P​Total = P1 + P2 + P3; this can also be calculated using percents but remember that the pressures are additive
b. Kinetic – molecular theory: gases are in constant, random motion and act ideal
i. Interpretations of gas laws: Boyles’ Law (PV = K); Charles’ Law V/T = K); Gay-Lussac’s Law (P/T = constant) [all of these laws can be changed to have the final equal the initial instead of a constant, K]; Graham’s Law (√M1/M2 = v2/v1, this means that lighter the molecular mass, the faster the gas)
ii. Avogadro’s hypothesis: as the moles of gas increase, the volume must also increase (n/V = K); there are 6.02 x 1023 particles in a mole of any substance; 1 mole of any gas = 22.4 L
iii. Relationship between kinetic energy and temperature: the higher the temperature, the more kinetic energy of molecules – they are directly proportional
iv. Deviations from ideal gases (real gases): Gases are ideal at high temps. and low pressures (HoT LiP), have no volume, and have no attractive or repulsive forces.  However, as gases in real life are cooled and contained their particles get closer together and have forces between them.  Van der Waals made a real gas equation that accounted for this. 
c. Liquids and Solids

i. Kinetic molecular theory applied to liquids and solids: their molecules do not tend to be in random motion 
ii. Phase diagrams of a pure substance, triple point, critical point: go from gases, liquids, solids; triple point (1) is where all phase meet; critical point (2) is the highest temp & pressure that liquid & gas can be at equilibrium
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Changes of state: Exothermics (a,d,f) & Endothermics (b,c,e)

iv. Structure of solids: crystalline solids are ionic compounds and have an organized structure (i.e. salt) while amorphous solids are covalent and move around (i.e. rubber)
d. Solutions

i. Types of solutions and solubility: Electrolytes (ionic) and Nonelectrolytes (covalent), can solid (alloy), liquid, or gas; SHACAAN (Solubility) Rules
ii. Concentration units: molarity (M = mol/L), molality (m = mol/kg), mole fraction (molsolute/molsolution), mass percent (gsolute/gsolution)
iii. Raoult’s Law: vapor pressure of a solution is less than that of the pure solvent
iv. Colligative properties, osmosis: boiling point elevation and freezing point depression depend on the concentration of the solution;  solutions always move through membranes from low concentrations to high concentrations
v. Nonideal behavior of solutions: Ideal solutions obey Raoult’s Law; they are not ideal when the IMF between solvent and solute is weaker than the IMF between the particles of the solvent
REACTIONS – 20%

V. Reaction Types
a. Acid- base reactions: Arrhenius (Acids form hydronium & Bases form hydroxide), Bronsted-Lowry (Acids are proton donors & Bases are proton acceptors), and Lewis (Acids are electron pair acceptors & Bases are electron pair donors)
b. Coordination complexes and amphoterism (the ability to be both a base and an acid): i.e. H2O can become OH- or H3O+ and so can polyprotic acids;  complexes are compounds that contain an ion that has a metal in the middle of its structure surrounded by other molecules or ions – basically a polyatomic ion that contains a metal
c. Precipitation reactions: an insoluble product is formed
d. Oxidation – reduction reactions

i. Oxidation number: balancing by keeping track of the oxidation numbers 
ii. Electron transfer: knowing who was oxidized (loss electrons) or reduced (gained electrons)
iii. Electrochemistry: electrolytic cells and Faraday’s laws, galvanic cells and standard reduction potentials, Nernst equation to predict the direction of a reaction
VI. Stoichiometry
a. Net ionic equations: remember the solubility rules to find the precipitate (insoluble compound); cancel out the spectator ions (those not part of the precipitate); keep it balanced 

b. Balancing redox equations: balancing by using the H2O and H+ method and OH- if in a base
c. Mass and volume relationships using the mole concept

i. Empirical and molecular formulas: empirical is the reduced form of the actual molecule, which is shown by the molecular; get moles of each element and divide by the smallest mole to get the ratio of the elements, which happens to be the subscript of the empirical formula
ii. Limiting reactants: you must have both reactants’ amount to solve for one of the products and whoever makes the smallest amount of product is the limiting reactant
VII. Equilibrium

a. Le Chatlier’s Principle and equilibrium constant: if a system at equilibrium is disturbed, it will adjust to go back to equilibrium; Keq = [product concentration] / [reactant concentration]
b. Quantitative use of equilibrium

i. Using an ICE Box: find concentrations at equilibrium
ii. Equilibrium constants for gas phase reactions: Kp
iii. Equilibrium constants for reactions in solutions (aqueous): Kc
1. Acid-base equilibrium (Ka & Kb) and pH/pOH calculations: pH = -log [H3O+] and pOH = -log [OH-]; pH + pOH = 14; Kw = Ka x Kb = 1 x 10-14
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2. Solublity product (Ksp) calculations including common ions

3. Buffer and hydrolysis equilibria (Kw): A weak acid and some strong base can form a buffer.  A weak base and some strong acid can also form a buffer; hydrolysis has water acting as an acid or base (amphoteric)
VIII. Kinetics
a. Rates of reactions and factors: reaction rate is the change in concentration of the reactant divided by the time (([reactants]/(time and has the units M s-1 OR mol L-1 s-1); rate constant (k) is specific for each reaction (units are L mol-1 s-1); factors that affect reaction rate are concentration, temperature, surface area/touching, catalyst present – if these increase then the rate increases
b. Determination of rates, rate laws, reaction order, and rate constants from experimental data, including graphs: individual reactants have the rate order of their exponents but the entire reaction is a sum of the exponents; make sure you pay attention to units when solving for k; make sure to cancel intermediates, which are the compounds that appear on bothe sides of the arrow during your mechanism (elementary steps); slow step determines rate
	Rate Law
	Rate Determining Step

in the mechanism
	
	order
	straight-line plot
	Slope

	Rate = k [A][B]
	A + B ( X   (slow)


	
	0
	[Reactant]t vs. t
	-k

	Rate = k [A]2
	A + A (  X  (slow)


	
	1
	ln[Reactant]t vs. t
	-k

	Rate = k [A]2[B]
	A + A ( X   (fast)

B + X ( Y   (slow)

Each step is usually bimolecular.  A third order overall reaction often comes from a fast equilibrium before a slow step.
	
	2
	1/[Reactant]t vs. t
	k

	Rate = k
	This could be a mechanism that depends on a catalyst

only.  The concentrations would not matter.
	
	*this helps you determine rate order based on a grph.

*Activation energy of rxn = slope


c. Effect of temperature on rates: increases reaction rates between solids and liquids but decreases rates of gases reacting; a catalyst speeds the reaction rate
d. Activation energy and catalysis: a catalyst lowers the activation energy of a reaction
e. Relationship of rate-determining step to rate laws and reaction mechanisms

IX. Thermodynamics

a. State functions: ∆E, ∆G (Gibbs free energy is the minimum energy required for a non-spontaneous rxn and the maximum energy for a spontaneous rxn) , ∆S (entropy is the amount of disorder in a system and increases solid to gas), ∆H (enthalpy is heat/energy and a rxn is exothermic if it’s negative and endothermic if it’s positive);  all can change based on the state change processes (heating & cooling)
b. First law of thermodynamics (energy is always conserved so variables are indirectly proportionate), enthalpy change (∆H), heats of formation and reaction, Hess’s Law (multiply the coefficients by H and add them if substances are added), calorimetry; q=mC∆T and other equations from the heat curve diagram, Hreactions = -Hsurroundings, 
c. Second law of thermodynamics, concept of entropy (S), free energies of formation and reaction (G), the relationship between free energy, enthalpy, and entropy:

	(H
	(S
	Product-Favored…

	+
	+
	at higher temperatures

	-
	-
	at lower temperatures

	-
	+
	at all temperatures

	+
	-
	never

(reactant-favored at all temps)


d. Relationships between free energy change (∆G), equilibrium constants, and electrode potentials: can be found using Nernst equation
DESCRIPTIVE CHEMISTRY – 10-15%

X. Chemical reactivity and reactions and a knowledge of chemical nomenclature: know your ions and be able to name any compound from the formula or give its correct formula from the name
XI. Relationships in the periodic table that allow prediction of chemical and physical properties.  These can be horizontal, vertical, or diagonal relationships: how they bond, melting/boiling points; reactivity
XII. Organic chemistry, structures, functional groups, nomenclature, and chemical properties

a. Number of carbons tell root name (meth-, eth-, prop-, but-, pent-, hex-, hept-, oct-, non-, dec-) and benzene rings

b. Number of bonds tell name ending (-ane CnH2n+2, -ene CnH2n, -yneCnH2n-2)

c. Groups attached to lowest number carbons (-ol, -oic acid, -ldehyde, flouro- and other halides, -one, -oate)

LABORATORY – 5-10%

XIII. Making and recording appropriate observations of chemical substances and reactions: looking for precipitates based on mixing substances and their solubility, observing color changes, flame tests since some elements burn with specific colors
XIV. Making quantitative measurements and recording data appropriately: masses should be to 3 places after decimal, use of the proper equipment to measure substances
XV. Calculating results from quantitative data and making appropriate interpretations of these results:  Can you take the data you found in the experiment and actually solve what you are supposed to be looking for with the correct units?
XVI. Communicating the results of the experiments in laboratory reports: Can you describe what you did and how you manipulated the data so the people reading your AP Exam can understand exactly what you are trying to say?
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
deposition


sublimation


melting


freezing


boiling/vaporizing


condensing





Sulfates (Group 2, Ag, Pb, Hg)


Halides (Ag, Pb, Hg)


Acetate (Ag)


Chlorates


Alkali Metals


Ammonium


Nitrates 





Titration Curve


Endpoint pH=7 if strong base Endpoint pH > 7if weak acid & strong base


Endpoint pH <7 if strong acid & weak base


Buffer works best half way to equivalence point.





(G = (H - T(S





	(G<0, (G , product-favored reaction





	(G>0, (G +, reactant-favored reaction





(G=0, reaction is at equilibrium











