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CORRELATION
ap chemistry

BIG IDEA 1: The chemical elements are fundamental building materials of matter, and all matter can be 
understood in terms of arrangements of atoms. These atoms retain their identity in chemical reactions.

Essential knowledge Pages Illustrative examples

1.A.1: Molecules are composed of specific combinations of atoms; dif-
ferent molecules are composed of combinations of different elements 
and of combinations of the same elements in differing amounts and 
proportions.

42–44, 65–75 Elements, Compounds, and Mixtures 42; Repre-
senting Molecules 76

1.A.2: Chemical analysis provides a method for determining the rela-
tive number of atoms in a substance, which can be used to identify the 
substance or determine its purity.

42, 65–75, 
100–107

Determining Empirical Formula 102; Determin-
ing Molecular Formula 103

1.A.3: The mole is the fundamental unit for counting numbers of parti-
cles on the macroscopic level and allows quantitative connections to be 
drawn between laboratory experiments, which occur at the macroscopic 
level, and chemical processes, which occur at the atomic level.

91–100, 
216–221

Converting between Number of Entities and 
Amount of Element 95; Finding Molar Mass of a 
Volatile Liquid 218

1.B.1: The atom is composed of negatively charged electrons, which 
can leave the atom, and a positively charged nucleus that is made of 
protons and neutrons. The attraction of the electrons to the nucleus is 
the basis of the structure of the atom. Coulomb’s law is qualitatively 
useful for understanding the structure of the atom.

53, 61 General Features of the Atom 53

1.B.2: The electronic structure of the atom can be described using an 
electron configuration that reflects the concept of electrons in quantized 
energy levels or shells; the energetics of the electrons in the atom can 
be understood by consideration of Coulomb’s law.

62, 327–335 Electron Configurations of Period 2  
328–330

1.C.1: Many properties of atoms exhibit periodic trends that are reflec-
tive of the periodicity of electronic structure.

58–60, 
336–344

Successive Ionization Energies 342

1.C.2: The currently accepted best model of the atom is based on the 
quantum mechanical model.

306–309 Probability Density Diagram 307

1.D.1: As is the case with all scientific models, any model of the atom 
is subject to refinement and change in response to new experimental 
results. In that sense, an atomic model is not regarded as an exact 
description of the atom, but rather a theoretical construct that fits a set 
of experimental data.

47–49, 49–52, 
52–53

Modification from Classic Theory to Quantum 
Theory 304

1.D.2: An early model of the atom stated that all atoms of an element 
are identical. Mass spectrometry data demonstrate evidence that contra-
dicts this early model.

56–57 Mass Spectrometry and Its Data 57

1.D.3: The interaction of electromagnetic waves or light with matter is 
a powerful means to probe the structure of atoms and molecules, and to 
measure their concentration.

294–299 Bohr Atom 297

1.E.1: Physical and chemical processes can be depicted symbolically; 
when this is done, the illustration must conserve all atoms of all types.

45–47, 
107–112

3 Level View of Reaction of Mg and O 109

1.E.2: Conservation of atoms makes it possible to compute the masses 
of substances involved in physical and chemical processes. Chemical 
processes result in the formation of new substances, and the amount of 
these depends on the number and the types and masses of elements in 
the reactants, as well as the efficiency of the transformation.

45–47, 48, 
107–112, 
112–115, 
117–123

Mass of an Element of a Compound 46; Info 
Contained in a Balanced Equation 113; Sum-
mary of Amount-Mass-Number Relationships in 
Chemical Equations 113
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BIG IDEA 2: Chemical and physical properties of materials can be explained by the structure and the 
arrangements of atoms, ions, or molecules and the forces between them. 

Essential knowledge Pages Illustrative examples

2.A.1: The different properties of solids and liquids can be explained by 
differences in their structures, both at the particulate level and in their 
supramolecular structures.

4–7, 199–201 States of Matter 4; Three States of Matter 200

2.A.2: The gaseous state can be effectively modeled with a mathemati-
cal equation relating various macroscopic properties. A gas has neither 
a definite volume nor a definite shape; because the effects of attrac-
tive forces are minimal, we usually assume that the particles move 
independently.

200–201, 
201–202, 
204–224, 
224–227

Relationship between Volume and Amount 208; 
Ideal Gas Law 210; Applying V-P-T Relation-
ships 213

2.A.3: Solutions are homogenous mixtures in which the physical prop-
erties are dependent on the concentration of the solute and the strengths 
of all interactions among the particles of the solutes and solvent.

43, 77, 
139–141

Electrical Conductivity of Ionic Solutions 141

2.B.1: London dispersion forces are attractive forces present between all 
atoms and molecules. London dispersion forces are often the strongest 
net intermolecular force between large molecules.

472–474 Effect of Molecular Shape on Boiling Point 473

2.B.2: Dipole forces result from the attraction among the positive ends 
and negative ends of polar molecules. Hydrogen bonding is a strong 
type of dipole-dipole force.

469–470 Dipole Moment and Boiling Point 470

2.B.3: Intermolecular forces play a key role in determining the proper-
ties of substances, including biological structures and interactions.

235–236, 419 Influence of Atomic Properties on Macroscopic 
Behavior 419

2.C.1: In covalent bonding, electrons are shared between the nuclei 
of two atoms to form a molecule or polyatomic ion. Electronegativity 
differences between the two atoms account for the distribution of the 
shared electrons and the polarity of the bond.

63–64, 140, 
143

Formation of Covalent Bonds between H Atom 
63

2.C.2: Ionic bonding results from the net attraction between oppositely 
charged ions, closely packed together in a crystal lattice.

61, 140–141 Formation of Ionic Compound 61

2.C.3: Metallic bonding describes an array of positively charged metal 
cores surrounded by a sea of mobile valence electrons.

360–361, 
385–387

3 Models of Chemical Bonding 360

2.C.4: The localized electron bonding model describes and predicts 
molecular geometry using Lewis diagrams and the VSEPR model.

406–416 Summary of Molecule Shapes with 2–6 Electron 
Groups 413

2.D.1: Ionic solids have high melting points, are brittle, and conduct 
electricity only when molten or in solution.

362–368 Formation of Lithium Fluoride 364; Electrical 
Conductivity Illustration 368

2.D.2: Metallic solids are good conductors of heat and electricity, have 
a wide range of melting points, and are shiny, malleable, ductile, and 
readily alloyed.

344–345 Metallic Behavior Chart 345

2.D.3: Covalent network solids generally have extremely high melting 
points, are hard, and are thermal insulators. Some conduct electricity.

373 Covalent Bonds of Quartz and Diamond 373

2.D.4: Molecular solids with low molecular weight usually have low 
melting points and are not expected to conduct electricity as solids, in 
solution, or when molten.

373 Forces in Pentane 373
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BIG IDEA 3: Changes in matter involve the rearrangement and/or reorganization of atoms and/or the 
transfer of electrons.

Essential knowledge Pages Illustrative examples

3.A.1: A chemical change may be represented by a molecular, ionic, or 
net ionic equation.

107–112, 
149–151

Three Types of Equations 150

3.A.2: Quantitative information can be derived from stoichiometric cal-
culations that utilize the mole ratios from the balanced chemical equa-
tions. The role of stoichiometry in real-world applications is important 
to note, so that it does not seem to be simply an exercise done only by 
chemists.

112–115, 
117–123, 
155–158, 
165–168, 
172–174, 
222–224, 
266–267

Calculating Quantities of Reactants and Products 
115; Limiting Reactants in Everyday Life 117; 
Overview of Stoichiometric Relationships 122; 
Calculating Amounts in Precipitation Reactions 
156; Acid-Base Titrations 167; Finding Amount 
of Reducing Agent 173; Using Gas Variables to 
Find Amounts of Products and Reactants 222

3.B.1: Synthesis reactions are those in which atoms and/or molecules 
combine to form a new compound. Decomposition is the reverse of 
synthesis, a process whereby molecules are decomposed, often by the 
use of heat.

174–177 Combining Elements to Form an Ionic Com-
pound 175; Decomposition of Mercury Oxide 
177

3.B.2: In a neutralization reaction, protons are transferred from an acid 
to a base.

158–165 Strong Acid-Strong Base Reaction 163

3.B.3: In oxidation-reduction (redox) reactions, there is a net transfer of 
electrons. The species that loses electrons is oxidized, and the species 
that gains electrons is reduced.

168–171, 
174–180

Redox Process 169

3.C.1: Production of heat or light, formation of a gas, and formation of 
a precipitate and/or a color change are possible evidences that a chemi-
cal change has occurred.

5, 151–153 Solubility Rules 153

3.C.2: Net changes in energy for a chemical reaction can be endother-
mic or exothermic.

180, 259–261 Enthalpy Diagram 260

3.C.3: Electrochemistry shows the interconversion between chemical 
and electrical energy in galvanic and electrolytic cells.

924–929 Characteristics of Electrolytic and Voltaic Cells 
924

BIG IDEA 4: Rates of chemical reactions are determined by details of the molecular collisions. 

Essential knowledge Pages Illustrative examples

4.A.1: The rate of a reaction is influenced by the concentration or pres-
sure of reactants, the phase of the reactants and products, and environ-
mental factors such as temperature and solvent.

232, 677 Effect of Surface Area on Reaction Rate 677

4.A.2: The rate law shows how the rate depends on reactant 
concentrations.

682–691 Reaction Rate Graph 679

4.A.3: The magnitude and temperature dependence of the rate of reac-
tion is contained quantitatively in the rate constant.

699–703 Effect of Temperature on the Distribution of Col-
lision Energies 701

4.B.1: Elementary reactions can be unimolecular or involve collisions 
between two or more molecules.

699 Relationship between Number of Collisions and 
Reactant Concentration 699

4.B.2: Not all collisions are successful. To get over the activation energy 
barrier, the colliding species need sufficient energy. Also, the orienta-
tions of the reactant molecules during the collision must allow for the 
rearrangement of reactant bonds to form product bonds.

700–705 Importance of Molecular Orientation to an Effec-
tive Collision 702

4.B.3: A successful collision can be viewed as following a reaction path 
with an associated energy profile.

704 Reaction Progress 704

4.C.1: The mechanism of a multistep reaction consists of a series of 
elementary reactions that add up to the overall reaction.

706–711 Energy of a 2 Step Reaction 711



4.C.2: In many reactions, the rate is set by the slowest elementary reac-
tion, or rate-limiting step.

706–711 Energy of a 2 Step Reaction 711

4.C.3: Reaction intermediates, which are formed during the reaction but 
not present in the overall reaction, play an important role in multistep 
reactions.

703 Transition State 704

4.D.1: Catalysts function by lowering the activation energy of an 
elementary step in a reaction mechanism, and by providing a new and 
faster reaction mechanism.

712–713 Catalyzed Reaction Energy Diagram 713

4.D.2: Important classes in catalysis include acid-base catalysis, surface 
catalysis, and enzyme catalysis.

714–717 2 Models of Enzyme Action 715

BIG IDEA 5: The laws of thermodynamics describe the essential role of energy and explain and predict 
the direction of changes in matter. 

Essential knowledge Pages Illustrative examples

5.A.1: Temperature is a measure of the average kinetic energy of atoms 
and molecules.

225, 460

5.A.2: The process of kinetic energy transfer at the particulate scale is 
referred to in this course as heat transfer, and the spontaneous direction 
of the transfer is always from a hot to a cold body.

251–254

5.B.1: Energy is transferred between systems either through heat trans-
fer or through one system doing work on the other system.

8–10, 
251–254

Energy Diagrams 253; Energy Transfer as Heat 
254; Energy Transfer as Work 254

5.B.2: When two systems are in contact with each other and are other-
wise isolated, the energy that comes out of one system is equal to the 
energy that goes into the other system. The combined energy of the two 
systems remains fixed. Energy transfer can occur through either heat 
exchange or work.

252–255

5.B.3: Chemical systems undergo three main processes that change their 
energy: heating/cooling, phase transitions, and chemical reactions.

5–7, 257–259, 
456–460

Cooling Curve for Water 459

5.B.4: Calorimetry is an experimental technique that is used to measure 
the change in energy of a chemical system.

261–265 Determining Heat Capacity 263

5.C.1: Potential energy is associated with a particular geometric arrange-
ment of atoms or ions and the electrostatic interactions between them.

376–380 Bond Energy 378

5.C.2: The net energy change during a reaction is the sum of the energy 
required to break the bonds in the reactant molecules and the energy 
released in forming the bonds of the product molecules. The net change 
in energy may be positive for endothermic reactions where energy is 
required, or negative for exothermic reactions where energy is released.

257–261, 
267–269, 
270–272

Hess’s Law 269; Calculating Enthalpy from 
Enthalpy of Formation 272

5.D.1: Potential energy is associated with the interaction of molecules; 
as molecules draw near each other, they experience an attractive force.

8–10 Potential Energy 9

5.D.2: At the particulate scale, chemical processes can be distinguished 
from physical processes because chemical bonds can be distinguished 
from intermolecular interactions.

373 Forces within and between Molecules 373

5.D.3: Noncovalent and intermolecular interactions play important roles 
in many biological and polymer systems.

500–504 Polymer Viscosity 503

5.E.1: Entropy is a measure of the dispersal of matter and energy. 880–887 Expansion of a Gas and Microstates 882

xxvi   AP Chemistry Correlation   



5.E.2: Some physical or chemical processes involve both a decrease in 
the internal energy of the components (H8  0) under consideration 
and an increase in the entropy of those components (S8  0). These 
processes are necessarily “thermodynamically favored” (G8  0).

893–901 Reaction Spontaneity 898

5.E.3: If a chemical or physical process is not driven by both entropy 
and enthalpy changes, then the Gibbs free energy change can be used to 
determine whether the process is thermodynamically favored.

897–898 Reaction Spontaneity 898

5.E.4: External sources of energy can be used to drive change in cases 
where the Gibbs free energy change is positive.

954–957 Electrolysis of Water 957

5.E.5: A thermodynamically favored process may not occur due to 
kinetic constraints (kinetic vs. thermodynamic control).

702 Importance of Molecular Orientation 702

BIG IDEA 6:  Any bond or intermolecular attraction that can be formed can be broken. These two 
processes are in a dynamic competition, sensitive to initial conditions and external perturbations. 

Essential knowledge Pages Illustrative examples

6.A.1: In many classes of reactions, it is important to consider both the 
forward and reverse reaction.

181–183 The Equilibrium State 182

6.A.2: The current state of a system undergoing a reversible reaction 
can be characterized by the extent to which reactants have been con-
verted to products. The relative quantities of reaction components are 
quantitatively described by the reaction quotient, Q.

734–740 Reaction Quotients 736

6.A.3: When a system is at equilibrium, all macroscopic variables, such 
as concentrations, partial pressures, and temperature, do not change 
over time. Equilibrium results from an equality between the rates of the 
forward and reverse reactions, at which point Q 5 K.

742–744 Reaction Direction 742

6.A.4: The magnitude of the equilibrium constant, K, can be used to 
determine whether the equilibrium lies toward the reactant side or 
product side.

745–753 Reaction Direction 742

6.B.1: Systems at equilibrium respond to disturbances by partially 
countering the effect of the disturbance (Le Châtelier’s principle).

754–764 Effects of Disturbances on a System 761

6.B.2: A disturbance to a system at equilibrium causes Q to differ from 
K, thereby taking the system out of the original equilibrium state. The 
system responds by bringing Q back into agreement with K, thereby 
establishing a new equilibrium state.

756–758 Effect of Pressure Changes on a System 758

6.C.1: Chemical equilibrium reasoning can be used to describe the 
proton-transfer reactions of acid-base chemistry.

787–792 Brønsted-Lowry Acid Base Reaction 788

6.C.2: The pH is an important characteristic of aqueous solutions that 
can be controlled with buffers. Comparing pH to pKa allows one to 
determine the protonation state of a molecule with a labile proton.

827–836 How a Buffer Works 829

6.C.3: The solubility of a substance can be understood in terms of 
chemical equilibrium.

846–852 Ksp Chart 848

6.D.1: When the difference in Gibbs free energy between reactants 
and products (G8) is much larger than the thermal energy (RT), the 
equilibrium constant is either very small (for G8  0) or very large 
(for G8  0). When G8 is comparable to the thermal energy (RT), 
the equilibrium constant is near 1.

903–909 Free Energy and Extent of Reaction 908
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