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To the Teacher

The Pearson Education Test Prep Workbook for AP® Chemistry is designed 
especially for student success on the Advanced Placement® Chemistry 
 examination. Thoroughly revised and redesigned, this Test Prep Workbook 

for AP® Chemistry correlates to the new AP® Chemistry Curriculum Framework 
(CF) launched in the 2013–2014 school year.

The new Pearson Education AP® Test Prep Series: Chemistry:

•	 Is	designed	to	accompany	the	13th	edition	of	Pearson’s	Chemistry: 
The Central Science by Brown & LeMay

•	 Concisely	summarizes	all	the	important	content	in	the	6	Big	Ideas	
and the 117 Learning Objectives of the new CF

•	 Clearly	explains	and	provides	questions	and	problems	for	new	con-
tent including photoelectron spectroscopy (PES), mass spectrometry, 
chromatography,	UV–VIS	spectrophotometry,	and	Coulomb’s	law

•	 Outlines	the	structure	and	content	of	the	new	AP® Chemistry Exam

•	 Offers	many	useful	test-taking	strategies	for	students	to	practice	
while they study AP chemistry throughout the year

•	 Includes	hundreds	of	revised	multiple	choice	and	free	response	prac-
tice questions, formatted for the new curriculum and aligned to the 
117 Learning Objectives, with complete answers and explanations

•	 Contains	many	new	and	revised	Your	Turn	conceptual	questions	
designed	to	allow	students	to	connect	to	content,	analyze	data,	and	
write clear, concise, focused answers in the way that the new AP® 
Exam requires

•	 Identifies	many	common	misconceptions	and	corrects	them	with	
clear and concise explanations
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•	 Includes	two	complete	practice	tests	with	thorough	answers	and	ex-
planations, and a unique scoring guide

•	 Gives	students	control	of	the	required	content	and	provides	them	
with ample practice to master the material

•	 Is	suitable	for	use	with	any	AP	chemistry	text

Many AP chemistry teachers use this book as the primary source to guide 
them through the new Curriculum Framework and direct them to the important 
course topics. Teachers find that students command a significant competitive advan-
tage when taking the AP® Chemistry Exam. When teaching AP chemistry, I found 
that if each of my students used a personal copy to review, their scores increased 
significantly. With this book, my role changed from chemistry teacher to chemistry 
coach. It made a challenging job much easier.

To order, use ISBN: 0-13-359802-0 / 978-0-13-359802-5 at Pearsonschool.
com or call 1-800-848-9500.

For more information, please contact your Pearson General Account 
 Manager at Pearsonschool.com.

Best wishes for continued success teaching Advanced Placement® 
 Chemistry and good luck to your students on the upcoming exam.

Ed Waterman
Rocky Mountain High School (Retired)
Fort Collins, Colorado
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Introduction

A dvanced Placement® Chemistry is more than just a course in 
 first-year college general chemistry. Whether or not your AP® Exam 
score  qualifies you for college credit, there are many advantages of 

 taking  Advanced Placement® Chemistry. It is an opportunity to prepare for col-
lege by  challenging yourself with rigorous college-level work while you are still 
in high school. Your classmates will be some of the best and brightest students at 
your school and the peer group you study with will enhance your own abilities as 
a student. Likely your teacher will be among the best at your school and he or she 
will have  invaluable knowledge and insight. Besides acquiring advanced knowledge 
of chemistry, the  science central to all other scientific disciplines, you will develop 
your skills in  analytical thinking, abstract reasoning, problem solving, and effective 
 communication. You will enhance your study skills, both as an individual and within 
a group, and you will increase your own ability to learn how to learn. A second year 
of chemistry in high school will give you a decided competitive advantage over 
your future college classmates who have not taken Advanced Placement® classes in 
high school. Advanced Placement® Chemistry can serve as a measure of “survival 
 insurance” for that upcoming pivotal year in life: the first year of college.

Advanced Placement® Chemistry and College Credit

By taking the Advanced Placement® Exam, you could qualify for college 
chemistry credit. Many public colleges and universities grant credit for scores of 3 or 
higher. More competitive public institutions and many private colleges have higher 
standards. Generally, the higher your score, the more potential credit you receive. 
Because all colleges set their own standards, be sure to check the website of any 
college you are considering attending or call or write the office of admissions for 
details about how that institution grants credit for Advanced Placement® scores. 
To  expedite the process, go to the College Board website at http://collegesearch 
. collegeboard.com/apcreditpolicy/index.jsp/, type in the name of the college or 
	university	you	are	interested	in,	and	the	site	will	take	you	directly	to	that	institution’s	
credit policy for Advanced Placement®. 
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How to Use This Book?

This book is designed to help you score well on the Advanced Placement® 
Examination in Chemistry. Each numbered topic is a chapter summary and corre-
lates directly with the chapter of the same number in Chemistry: The Central Science 
published by Pearson. Because many other college chemistry texts are suitable for 
Advanced Placement® Chemistry, you can use this book even if you do not have ac-
cess to Chemistry: The Central Science.

During the first half of your Advanced Placement® course, focus on the 
course	work	your	teacher	emphasizes	and	what	is	in	your	text.	Especially	focus	on	
solving the challenging quantitative problems and writing short, concise, directed 
answers to qualitative questions based on chemical principles. Be sure you are able 
to interpret data tables, graphs, and charts and atomic and molecular represen-
tations of matter.

Halfway through the course, in about December or January, as you con-
tinue with your class work, begin reviewing about two topics a week using this book. 
Read each topic summary and answer each Your Turn question as you come across 
it. The Your Turn questions, while not always at the AP level, are designed to focus 
your attention on one specific point and provide you with practice in writing clear, 
concise, directed responses, much as the AP® Exam requires. At the end of each 
topic summary, you will find multiple choice and free response questions. Answer 
these questions and check your answers with the detailed answers at the end of each 
topic. If you do not know how to do a problem or if you get a question wrong, go 
back and review the topic summary and/or the corresponding chapter in Chemistry: 
The Central Science. Be sure to read the explanation for each question, even if you 
answered it correctly the first time.

In February, ask your teacher about the procedure for ordering and paying 
for the Advanced Placement® Exam. This needs to be done well before the exam and 
different high schools have different procedures.

In February and March, continue working through your review, two topics 
per week.

Finally, about a month before the exam, work through Practice Test 1 
within the suggested time limits, check your answers, and calculate your score. This 
will give you a measure of your progress in mastering the twenty topics. Go back and 
review the material you have not yet mastered. Be sure to read the  explanations 
for each question. When you are ready to try again, work Practice Test 2. These 
two practice tests are designed to simulate the Advanced Placement® Exam, each 
	emphasizing	different	topics.	Be	sure	to	download	and	work	some	of	the	past	
 Advanced Placement® Exams posted on the College Board website at http://www 
.collegeboard.com/student/testing/ap/chemistry/samp.html?chem.

A week before the exam, read through the equations list that you will use 
on	exam	day.	Do	not	memorize	what	is	on	the	equation	sheet	because	you	will	have	
it to refer to during the exam. The point is to know what is on the equation sheet and 
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where to find specific information as you work the exam. Look at each item and ask 
yourself, “What would I use this for?”

Also, skim through the answers you wrote for the Your Turn questions and 
the multiple choice and free response questions at the end of each topic. Gather your 
thoughts and prepare to go into the Advanced Placement®	Exam,	recognizing	that	
you will not know everything, but confident that you will score high because you 
have worked hard and prepared well.

What to Do on Exam Day?

•	 Be	sure	to	get	a	couple	of	good	nights’	sleep	before	the	exam.

•	 Eat	a	healthy	breakfast	the	day	of	the	exam.

•	 Bring	a	calculator	with	fresh	batteries	and	a	spare	calculator,	just	in	
case. Know how to use the spare calculator!

•	 Bring	at	least	six	sharpened	number	two	pencils	with	good	erasers.

•	 Bring	a	water	bottle	and	a	nutritious	energy	snack	to	consume	during	
the short break.

•	 Bring	a	photo	ID	and	an	admission	ticket,	if	required.

•	 Bring	a	watch	to	keep	track	of	the	time.	Be	sure	to	turn	off	the	alarm,	
if it has one.

•	 Arrive	at	the	examination	site	at	least	20	minutes	early.	If	the	door	
closes before you arrive, you will not be allowed to take the exam.

•	 Be	prepared	for	poor	working	conditions—some	rooms	provide	only	
arm-chair desks with little room to work. Sometimes right-handed 
students will be assigned left-handed desks and vice versa!

•	 Dress	in	layers.	Some	rooms	are	unnecessarily	air-conditioned;	oth-
ers are not air-conditioned at all.

•	 Leave	backpacks	and	personal	belongings	at	home.	All	you	need	is	
a photo ID, two reliable calculators, a sharp pencil, and a mind to 
match.

Calculator Use

You can use a calculator only for Section II, the free response section. Most 
silent types of scientific, programmable, and graphing calculators are permitted, if 
they do not have typewriter-style (QWERTY) keyboards. You need not clear your 
calculator memory. You may not share a calculator with another student during the 
exam. You may not use a calculator on Section I, the multiple choice section of the 
exam.
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The Content and Nature of the AP® Exam in Chemistry

The Advanced Placement® Examination in Chemistry is a comprehensive 
evaluation of knowledge of all areas of general chemistry at the first-year college 
level. It consists of two equally weighted 90-minute sessions. Section I contains 60 
multiple choice questions worth 50% of the total score. Three long and four short 
free response questions, counting for another 50%, compose Section II. Use of cal-
culators is allowed only on the free response section. A periodic table and a list of 
pertinent equations and constants are available for the entire exam. Please refer to the 
end of this section for a periodic table and a list of equations and constants similar to 
what will be provided for use on the exam.

For more information and published examples of recent exams, please refer 
to	the	College	Board’s	Advanced	Placement	website	at	http://apcentral.collegeboard 
.com/. Also two complete practice exams, similar to the Advanced Placement® 
 Examination in Chemistry, are included at the end of this book. You will also find a scor-
ing guide and complete answers and explanations. Be cautious about studying older ex-
ams or guidebooks because the format and content of the exam changed in 2014. 

Tips for Writing the Multiple Choice Section

•	 Make	a	note	of	the	start	time	at	the	top	of	the	question	page.	Add	 
90 minutes to define the stop time. Remember, you have 90 minutes 
to answer 60 questions. Pace yourself accordingly.

•	 Read	each	question	carefully.	Do	not	assume	you	know	what	it	asks	
without a careful reading.

•	 Pay	close	attention	to	words	such	as	EXCEPT	and	DOES	NOT	and	
look for the response that does not belong.

•	 When	simple	math	is	involved	(remember,	no	calculators!),	pay	at-
tention to factors of 2 and 3.

•	 Eliminate	answers	you	know	are	wrong.	There	is	no	penalty	for	
guessing, so it is to your advantage to answer every question.

•	 Never	assume	a	question	has	two	valid	answers	unless	there	is	an	
“all	of	these”	response.	Closely	analyze	the	two	responses	you	think	
might be correct. How do they differ? Does the question include 
words	such	as	EXCEPT	or	DOES	NOT?

•	 Keep	track	of	answers	by	marking	the	correct	answer	on	both	the	test	
questions and the answer sheet to expedite a self-check later.

•	 Periodically	check	that	you	are	marking	the	answer	sheet	correctly	
and check your watch to monitor your progress.

•	 Give	yourself	time	to	answer	all	the	questions	you	know	how	to	an-
swer. The last question is worth the same number of points as the 
first question. Do not spend too much time on the harder or more 
time-consuming questions at the expense of not having enough time 
to answer the ones you can.
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•	 As	you	read	through	and	answer	the	questions,	consider	using	the	
“answer/plus/minus” method. It works like this:

Answer: Answer any question you immediately know the answer to.

Plus:  Mark a “+” (on the exam, not on the answer, sheet!) next to any 
question you know how to answer but feel will take too much 
time to work. Be sure to skip the corresponding number on the 
answer sheet. You can come back to the questions marked “+” 
when you have finished reading all the questions and answering 
as many as you know.

Minus:  Mark a “−” next to any question you really do not understand. 
 After you have finished the other questions, including the ones you 
have marked with a “+,” use the time remaining to reconsider the 
“-” questions. Often a second reading will give you fresh insights.

•	 Be	sure	to	answer	every	question.	There	is	no	penalty	for	guessing.	
The more difficult questions tend to be toward the end of the exam, 
so do not panic if, after your best effort, you do not finish.

•	 Finally,	if	there	is	still	time,	skim	through	all	the	questions,	compar-
ing the answers you have marked on the exam with those you have 
marked on the answer sheet. Correct any obvious errors, both in ac-
curately marking the answer sheet and in choosing the best answer. 
Be sure to make any changes to the answer sheet by first erasing 
cleanly and leaving no stray marks.

•	 When	your	watch	shows	that	there	are	10	minutes	left,	make	a	deci-
sion about how you can finish the question(s) that will score the most 
points. Be sure to stop when time is called.

Tips for Writing the Free Response Section

•	 Make	a	note	of	the	start	time	at	the	top	of	the	question	page.	Add	 
90 minutes to define the stop time. Remember, you have 90  minutes to 
answer all seven free response questions. Pace yourself accordingly.

•	 Be	sure	to	read	each	question	carefully.

•	 Read	all	the	questions	once	before	you	decide	which	question	to	an-
swer first.

•	 You	need	not	answer	the	questions	in	order,	but	be	sure	to	clearly	la-
bel your answers in the answer booklet with the number and letter of 
each part.

•	 Fight	off	fear	and	apprehension.	It	is	not	likely	that	you	are	going	to	
know everything! Remember, scoring well is a numbers game. You 
can make up for not knowing how to do one question by scoring well 
on another.
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•	 Reread	the	question	that	seems	easiest	to	you.	Determine	what	is	
asked and answer the question directly and specifically.

•	 With	numerical	problems,	show	your	work	clearly	and	logically.	You	
need not show any arithmetic, but the grader is looking for a logical 
progression of your ideas. Circle any numerical final answer.

•	 In	written	responses,	be	clear	and	concise.

•	 Write	in	complete	sentences	or	bulleted	phrases.	Do	not	assume	the	
reader knows what you are trying to say. Avoid one-word answers.

•	 Do	not	be	afraid	to	state	the	obvious.	What	is	obvious	to	you	might	
be exactly what the grader is looking for.

•	 Avoid	pronouns,	especially	the	word,	“it,”	even	if	your	writing	seems	
redundant.

•	 Underline	and	define	key	terms	to	make	them	stand	out,	if	appropri-
ate, but do not overdo it.

•	 Write	what	you	know	and	stop.	Two	sentences	often	fully	express	an	
answer to any one part of a question. These are not essay questions. 
They are more like short answer questions, requiring clear and con-
cise answers with justifications. The grader does not want to see any 
more than what is specifically asked for.

•	 Do	not	hesitate	to	use	a	picture,	a	diagram,	or	an	equation	to	illustrate	
your answer, if appropriate.

•	 Review	your	writing.	Does	it	make	sense	to	you?	Will	it	make	sense	
to the grader? Does it specifically answer the question that is asked? 
Have you used chemical terminology correctly?

•	 Keep	in	mind	that	partial	credit	is	often	given,	so	make	sure	you	put	
something down for every part.

•	 If	you	are	not	clear	about	an	answer,	rewrite	the	question	in	your	own	
words. Often this practice will jump-start your thinking and allow 
you to arrive at the answer. What you write, even if it only partially 
answers the question, might score partial credit.

•	 When	your	watch	shows	that	there	are	10	minutes	left,	make	a	de-
cision about how you can finish the question(s) that will score the 
most points. Be sure to stop when time is called.

Equations and Constants

The following pages contain a list of equations and constants and a peri-
odic table similar to those provided by the Advanced Placement® Chemistry Exam, 
which	you	can	use	during	the	entire	test.	Do	not	memorize	this	information.	Rather,	
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Common units

L, mL = liter, milliliter atm = atmosphere

g = gram mm Hg =  millimeter of mercury

nm = nanometer J, kJ = joule, kilojoule

mol = mole V = volt

Light and Atomic Structure

E = hn E = energy of a photon or quantum state

n = c>l n =  frequency of light

 l = wavelength of light 

c =  speed of light = 3.00 * 108 m>s = 3.00 * 1017 nm>s
h = 	Planck’s	constant = 6.63 * 10 - 34 J@s
N = 	Avogadro’s	number = 6.02 * 1023 molecules>mol
e =  electric charge = -1.60 * 10-19 coul>electron

Equilibrium
Law of mass action for aA + bB ÷ cC + dD,

Keq = (3C4c3D4d)>(3A4a3B4b) Keq =  equilibrium constant

Q = (3C4c3D4d)>(3A4a3B4b) Q =  reaction quotient

Ka = 3H + 43A- 4>3HA4 Ka = 	weak	acid	ionization	constant	

Kb = 3OH - 43HB + 4>3B4 Kb = 	weak	base	ionization	constant

Kw = 3H + 43OH - 4 = 1.0 * 10 - 14 at 25 °C  Kw = 	autoionization	constant	for	water

Kw = Ka * Kb Kp =  gas pressure equilibrium constant

pH = - log[H + ] Kc =  molar concentration constant

pOH = - log[OH - ] Ksp =  solubility product constant

pH = pKa +  log (3A- 4>3HA4) R = gas constant = 8.31 J>mol@K

pKa = - log Ka

pKb = - log Kb

Kp = Kc(RT)∆n

∆n = mol gaseous products - mol gaseous reactants

know that it will be available to you as you take the test and refer to it often as you 
study Advance Placement® Chemistry.
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  H° = standard enthalpy

  G° = standard free energy

  S° = standard entropy

  T = Kelvin temperature

  K = equilibrium constant

  E° = standard cell potential

  Q = reaction quotient

  Cp = molar heat capacity in J>K

  q = heat in J, m = mass in g

  n = moles of electrons

Thermodynamics

∆H°rxn = a ∆H °
f products - a ∆H °

f reactants

∆G°rxn = a∆G °
f products - a∆G °

f reactants

∆S°rxn = aS°products - aS°reactants

∆G° = ∆H° - T∆S °

∆G° = - RT ln K

∆G° = -nFE°
∆G = ∆G° + RT ln Q

Cp = ∆H>∆T

q = mc∆T

c = specific heat capacity in J>g K

F = Faraday’s constant, the charge on a mole of electrons = 96,500 C>mol e-

1 amp = 1 coul/sec    1 volt = 1 joul/coul

Gases
PV = nRT  P = pressure, V = volume
 R = gas constant = 0.0821 L@atm>mol@K

 = 8.31 J/mol@K = 62.4 L torr/mol@K

Pa = Pt * Xa Pa = partial pressure of gas a

Pt = Pa + Pb + Pc + c  Pt = total pressure

K = °C + 273 Xa = mole fraction of gas = mol a>total moles

KEmolecule = 1
2mv2 T = Kelvin temperature

1 atm = 760 mmHg = 760 torr KE = kinetic energy

Solutions
M = moles solute>liters of solution  M = molarity
A = abc   A =  absorbance, a = molar absorptivity, b = path length, c =  concentration

Electrochemistry
Amperes = coulombs per second E°cell = E°red + E°ox

 n = moles of electrons
∆G° = -nFE° = -RT ln K K = equilibrium constant
F = Faraday’s constant = 96,500 C per mole of electrons

E° is the standard cell potential in volts

Kinetics
ln[A]t - ln[A]o = -kt k = rate constant
1/[A]t - 1/[A]o = kt t = time
t1/2 = 0.693/k t1/2 = half life
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Big Idea 1. All matter is composed of atoms.

Learning Objectives

 1.1 Justify that the elemental mass ratio in any pure compound is always 
identical using atomic molecular theory.

 1.2 Identify or infer from mass data the quantitative compositions of pure 
substances and mixtures.

 1.3 Use calculations of mass data to determine the identity or purity of a 
substance.

 1.4 Interconvert quantities of substances: number of particles, moles, 
masses, and volumes.

 1.5 Use data to explain electron distributions in atoms or ions.

	 1.6	 Analyze	data	of	electron	energies	for	patterns	and	relationships.

	 1.7	 Describe	atomic	electronic	structure	using	Coulomb’s	law,	ionization	
energy, and data from photoelectron spectroscopy.

The 6 Big Ideas and 117 Learning Objectives of the AP® 
 Chemistry Curriculum Framework

  H° = standard enthalpy

  G° = standard free energy

  S° = standard entropy

  T = Kelvin temperature

  K = equilibrium constant

  E° = standard cell potential

  Q = reaction quotient

  Cp = molar heat capacity in J>K

  q = heat in J, m = mass in g

  n = moles of electrons
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	 1.8	 Analyze	measured	energies	to	explain	electron	configurations	using	
Coulomb’s	law.

 1.9 Predict atomic properties and explain their trends using the shell model 
and atomic placement on the periodic table.

 1.10 Use experimental evidence to explain the arrangement of the periodic 
table and apply periodic properties to chemical reactivity.

	 1.11	 Analyze	and	identify	patterns	in	data	for	binary	compounds	to	predict	
properties of related compounds.

 1.12 Explain how data sets support the classical shell atomic model or the 
quantum mechanical model.

 1.13 Justify that an atomic model is consistent with a given set of data.

 1.14 Use mass spectral data to identify elements and the masses of isotopes.

 1.15 Explain why different types of spectroscopy are used to measure vibra-
tion and electronic motions of molecules.

 1.16 Design and interpret an experiment that uses spectrophotometry to 
 determine the concentration of a substance in solution.

 1.17 Use both symbols and particle drawings in balanced chemical equations 
to quantitatively and qualitatively express the law of conservation of 
mass.

 1.18 Apply conservation of atoms to particle views of balanced chemical 
 reactions and physical changes.

 1.19 Design and interpret data from a gravimetric analysis experiment to 
 determine the concentration of a substance in solution.

 1.20 Design and interpret data from a titration experiment to determine the 
concentration of a substance in solution.

Big Idea 2. Chemical bonding and intermolecular forces explain 
the chemical and physical properties of matter.

Learning Objectives

 2.1 Predict properties based on chemical formulas and explain properties 
using particle views.

 2.2 Explain the relative strengths of acids and bases using molecular struc-
ture, intermolecular forces, and solution equilibrium.

 2.3 Use particulate models and energy considerations to explain the differ-
ences between solids and liquids.

 2.4 Use kinetic molecular theory and intermolecular forces to predict and 
explain the macroscopic properties of real and ideal gases.
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 2.5 Use particle representations, mathematical models, and macroscopic 
observations to explain the effect of changes in the macroscopic proper-
ties of gases.

 2.6 Use data to calculate temperature, pressure, volume, and moles for an 
ideal gas.

 2.7 Use intermolecular forces to explain how solutes separate by 
chromatography.

 2.8 Draw and interpret particle representations of solutions showing inter-
actions between the solute and solvent particles.

 2.9 Create and use particle views to interpret molar concentrations of 
solutions.

 2.10 Design an experiment to separate substances using filtration, paper 
chromatography, column chromatography, or distillation and explain 
how substances separate citing intermolecular interactions.

 2.11 Use London dispersion forces to predict properties and explain trends 
for nonpolar substances.

	 2.12	 Analyze	data	for	real	gases	to	identify	deviations	from	ideal	behavior	
and explain using molecular interactions.

 2.13 Explain how the structural features of polar molecules affect the forces 
of attraction between them.

	 2.14	 Using	particle	views,	qualitatively	apply	Coulomb’s	law	to	explain	how	
the solubility of ionic compounds is affected by interactions between 
ions, and attractions between ions and solvents.

 2.15 Explain the solubility of ionic solids and molecules in water and other 
solvents using entropy and particle views to show intermolecular forces.

 2.16 Use the strengths and types of intermolecular forces to explain the prop-
erties of molecules such as phase, vapor pressure, viscosity, melting 
point, and boiling point.

 2.17 Predict the type of bonding in a binary compound based on electronega-
tivity of the elements and their locations on the periodic table.

 2.18 Rank and justify bond polarity using location of atoms on the periodic table.

 2.19 Use particle views of ionic compounds to explain the effect of micro-
scopic structure on macroscopic properties such as boiling point, solu-
bility, hardness, brittleness, low volatility, and the lack of malleability, 
ductility, and conductivity.

	 2.20	 Explain	how	the	electron-sea	model	of	delocalized	electrons	affects	the	
macroscopic properties of metals such as electrical and thermal conduc-
tivity, malleability, ductility, and low volatility.
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 2.21 Use Lewis diagrams and VSEPR to predict geometry and polarity of 
molecules	and	identify	hybridization.

 2.22 Design and evaluate an experimental plan to collect and interpret data to 
deduce the types of bonding in solids.

 2.23 Create a visual representation of an ionic solid showing its structure and 
particle interactions.

 2.24 Use a visual representation of an ionic solid to explain its structure and 
particle interactions.

 2.25 Compare properties of alloys and metals, identify alloy types, and ex-
plain properties at the atomic level.

 2.26 Use the electron-sea model to explain the macroscopic properties of 
metals and alloys.

 2.27 Create a visual representation of a metallic solid showing its structure 
and particle interactions.

 2.28 Use a visual representation of a metallic solid to explain its structure 
and particle interactions.

 2.29 Create a visual representation of a covalent solid showing its structure 
and particle interactions.

 2.30 Use a visual representation of a covalent solid to explain its structure 
and particle interactions.

 2.31 Create a visual representation of a molecular solid showing its structure 
and particle interactions.

 2.32 Use a visual representation of a molecular solid to explain its structure 
and particle interactions.

Big Idea 3. Chemical reactions involve the rearrangement of 
 atoms and describe how matter changes.

Learning Objectives

 3.1 Interpret macroscopic observations of change using symbols, chemical 
equations, and particle views.

 3.2 Interpret an observed chemical change using a balanced molecular 
(complete), ionic, or net ionic equation and justify why each is used in a 
given situation.

 3.3 Use stoichiometry calculations to model laboratory chemical reactions 
and	analyze	deviations	from	the	expected	results.

 3.4 Apply stoichiometry calculations to convert measured quantities such 
as masses, solution volumes, or volumes and pressures of gases to other 
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quantities in chemical reactions, including reactions with limiting reac-
tants or unreacted products.

	 3.5	 Design	an	experiment	and	analyze	its	data	for	the	synthesis	or	decom-
position of a compound to confirm the conservation of mass and the law 
of definite proportions.

 3.6 Use data from synthesis or decomposition of a compound to confirm 
the conservation of mass and the law of definite proportions.

 3.7 Use proton-transfer reactions to identify compounds such as Brønsted–
Lowry acids and bases and conjugate acid–base pairs.

 3.8 Use electron transfer to identify redox reactions.

 3.9 Design or interpret the results of a redox titration experiment.

 3.10 Classify a process as a physical change, a chemical change, or an am-
biguous change using macroscopic observations and the formation or 
breaking of chemical bonds or intermolecular forces.

 3.11 Create symbolic and graphical representations to describe energy 
changes associated with a chemical or physical change.

	 3.12	 Use	half-cell	reactions,	potentials,	and	Faraday’s	laws	to	make	quantita-
tive predictions about voltaic (galvanic) or electrolytic reactions.

	 3.13	 Analyze	voltaic	(galvanic)	or	electrolytic	cell	data	to	identify	properties	
of redox reactions.

Big Idea 4. Molecular collisions determine the rates of chemical 
reactions.

Learning Objectives

 4.1 Design and interpret an experiment to determine the factors that affect 
reaction rate such as temperature, concentration, and surface area.

	 4.2	 Analyze	concentration	versus	time	data	to	determine	the	rate	law	for	a	
zeroth-,	first-,	and	second-order	reaction.

 4.3 Determine half-life from the rate constant of a first-order reaction and 
explain the relationship between half-life and reaction order.

 4.4 Explain how rate law, order, and rate constant for an elementary reac-
tion relate to the frequency and success of molecular collisions.

 4.5 Explain effective and ineffective reactant collisions using energy distri-
butions and molecular orientation.

 4.6 Make qualitative predictions about the temperature dependence of re-
action rate using an energy profile for an elementary reaction showing 
reactants, transition state, and products.
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 4.7 Evaluate alternative reaction mechanisms to determine which are con-
sistent with rate data, and infer the presence of intermediates.

 4.8 Use various representations including energy profiles, particle views, 
and chemical equations to describe chemical reactions that occur with 
and without catalysts.

	 4.9	 Explain	rate	changes	due	to	acid–base,	surface,	and	enzyme	catalysts,	
and select appropriate mechanisms with or without catalysts.

Big Idea 5. Thermodynamics describes the role energy plays in 
physical and chemical changes.

Learning Objectives

 5.1 Create and interpret graphical representations that show the dependence 
of potential energy on the distance between atoms to explain bond or-
der, bond length, bond strength, and the relative magnitudes of intermo-
lecular forces between polar molecules. 

 5.2 Explain how temperature relates to molecular motion using particle views 
of	moving	molecules	and	plots	of	Maxwell–Boltzmann	distributions.

 5.3 Use molecular collisions to explain or predict the transfer of heat be-
tween systems.

 5.4 Use conservation of energy to explain energy transfer between systems 
including the quantity of energy transferred, the direction of energy 
flow, and the type of energy (heat or work).

 5.5 Use conservation of energy to calculate and explain the quantity of energy 
change that occurs when two substances of different temperatures interact.

 5.6 Calculate or estimate energy changes associated with a chemical reaction 
(heat of reaction), a temperature change (heat capacity), or a phase change 
(heat	of	fusion	or	vaporization),	and	relate	energy	changes	to	P∆V work.

 5.7 Design and interpret a constant pressure calorimetry experiment to de-
termine change in enthalpy of a chemical or physical process.

 5.8 Use bond energies to calculate or estimate enthalpies of reaction.

 5.9 Explain and predict the relative strengths and types of intermolecular forces 
acting between molecules using molecular electron density distributions.

 5.10 Classify and justify physical and chemical changes using intermolecu-
lar forces and changes in chemical bonds.

 5.11 Identify the intermolecular forces, such as hydrogen bonds and London 
dispersions, to explain the shapes and functions of large molecules.

 5.12 Use particle views and models to predict the signs and relative magnitudes 
of the entropy changes associated with chemical or physical processes.
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 5.13 Use the signs of both ∆H° and ∆S° for calculation or estimation of ∆G°, to 
predict the thermodynamic favorability of a physical or chemical change.

 5.14 Calculate the change in standard Gibbs free energy to determine the 
thermodynamic favorability of a chemical or physical change.

 5.15 Explain how nonthermodynamically favored processes can be made fa-
vorable by coupling them with thermodynamically favored reactions.

	 5.16	 Use	Le	Châtelier’s	principle	to	predict	direction	of	reaction	for	a	system	
in which coupled reactions share a common intermediate.

 5.17 Use the equilibrium constant for combined reactions to make predic-
tions for a system involving coupled reactions sharing a common 
intermediate.

 5.18 Explain how initial conditions can greatly affect product formation for 
both thermodynamically favored and unfavored reactions using thermo-
dynamic and kinetic arguments.

Big Idea 6. Equilibrium represents a balance between enthalpy 
and entropy for reversible physical and chemical changes.

Learning Objectives

 6.1 Given a set of experimental observations, explain on the molecular level, 
the reversibility of a chemical, biological, or environmental process.

 6.2 Predict how manipulating a chemical equation by reversing it, doubling its 
coefficients, or adding it to another equation affects the value of Q or K.

 6.3 Predict the change in relative rates of forward and reverse reactions us-
ing	Le	Châtelier’s	principle	and	principles	of	kinetics.

 6.4 Given initial conditions, use the relative values of Q and K to predict the 
direction a reaction will progress toward equilibrium.

 6.5 Calculate the equilibrium constant, K, given the appropriate tabular or 
graphical data for a system at equilibrium.

 6.6 Given initial conditions and the equilibrium constant, K, use stoichiom-
etry and the law of mass action to determine equilibrium concentrations 
or partial pressures.

 6.7 Determine which chemical species will have relatively large and small 
concentrations given an equilibrium system with a large or small K.

	 6.8	 Use	Le	Châtelier’s	principle	to	predict	the	direction	a	reaction	at	equi-
librium will progress when a change is applied such as concentration, 
pressure, or temperature.

	 6.9	 Design	a	set	of	conditions	that	will	optimize	a	desired	result	using	Le	
Chatelier’s	principle.
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	 6.10	 Use	Le	Châtelier’s	principle	to	explain	the	effect	a	change	will	have	on	
Q or K for a reversible reaction.

 6.11 Construct a particle representation for a strong or weak acid or base 
to illustrate which species will have large and small concentrations at 
equilibrium.

	 6.12	 Compare	and	contrast	pH,	percentage	ionization,	concentrations,	and	
the amount of titrant required to reach an equivalence point for solu-
tions of strong and weak acids.

 6.13 Interpret titration data to determine concentration of a weak acid or base 
and its pKa or pKb.

 6.14 Explain why a neutral solution requires 3H+4 = 3OH-4 rather than 
pH = 7, using the dependence of Kw on temperature.

 6.15 Calculate or estimate the pH and the concentrations of all species in a 
mixture of strong acid or base.

 6.16 Identify a solution as a weak acid or base, calculate its pH and the con-
centrations of all species in the solution, and infer its relative strength.

 6.17 Given a mixture of weak and strong acids and bases, identify the chemi-
cal reaction and tell which species are present in large concentrations at 
equilibrium.

 6.18 Select an appropriate conjugate acid–base pair to design a buffer solu-
tion with a target pH and estimate the concentrations needed to achieve 
a desired buffer capacity.

 6.19 Given the pKa, predict the predominant form of a weak acid in a solu-
tion of a given pH.

 6.20 Identify a buffer solution and explain how it behaves upon addition of 
acid or base.

 6.21 Predict and rank the solubilities of various salts, given their Ksp values.

 6.22 Interpret solubility data for various salts to determine or rank Ksp values.

 6.23 Use data to predict the influence of pH and common ions on the relative 
solubilities of salts.

 6.24 Use particle representations to explain changes in enthalpy and entropy 
associated with the dissolution of a salt.

 6.25 Use the relationship between ∆G° and K1∆G° = -RT ln K2 to es-
timate the magnitude of K and the thermodynamic favorability of a 
process.
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