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eText features include:

• Now available on smartphones and tablets.

• Seamlessly integrated videos and other rich media.

• Fully accessible (screen-reader ready).

•	Configurable	reading	settings,	including	resizable
type and night reading mode.

• Instructor	and	student	note-taking,	highlighting,
bookmarking,	and	search.

Designed with the single purpose of 
helping your students reach more 
moments of true understanding that 
lead to better results.
MasteringChemistry™	is	the	most	advanced,	most	
widely used online chemistry tutorial and homework 
program available.
MasteringChemistry™,	with	Pearson	eText,	utilizes	
the Socratic method to coach students through 
problem-solving	techniques,	offering	hints	and	simpler	
questions	on	request	to	help	students	learn,	not	just	
practice. Tutorials guide students through the most 
challenging chemistry topics andhelp them make 
connections. The Mastering system helps teachers 
maximize	class	time	with	easy-to-assign,	customizable,	
and automatically graded assessments that motivate 
students to learn. 

Continuous Learning
Before, During, and After Class

Pre-Lecture Reading Quizzes are easy to customize & assign
NEW! Reading Questions ensure that students complete the assigned  
reading before class and stay on track with reading assignments. Reading 
Questions are 100% mobile ready and can be completed by students on 
mobile devices. 

BEFORE CLASS
Mobile Media and Reading Assignments Ensure Students Come to Class Prepared.

NEW! Dynamic  
Study Modules
personalize each 
student’s learning 
experience. Created 
to allow students to 
acquire knowledge 
on their own and 
be better prepared 
for class discussions 
and assessments, this 
mobile app is available 
for iOS and Android 
devices.

Pearson eText in MasteringGeography
gives students access to the text whenever and wherever they can access the 
internet. eText features include:

• Now available on smartphones and tablets.
• Seamlessly integrated videos and other rich media.
• Fully accessible (screen-reader ready).
• Configurable reading settings, including resizable type and night reading mode.
• Instructor and student note-taking, highlighting, bookmarking, and search.
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masteringChemistry is the leading online homework, tutorial, and assessment 
system, designed to improve results by engaging students before, during, and 
after class with powerful content. Instructors can ensure students arrive ready 
to learn by assigning educationally effective content before class, and
encourage critical thinking and retention with in-class resources. students 
can further master concepts after class through traditional and adaptive 
homework assignments that provide hints and answer-specific feedback.

nEW! ready-to-Go teaching Modules in the instructor Resources section help
instructors efficiently make use of the available teaching tools for each chapter. Pre-built
before class assignments, in-class activities, and after-class assignments are provided
for ease of use. instructors can incorporate active learning into their course with the
suggested activity ideas, learning catalytics questions, and clicker questions.

dynamic Study Modules help students study effectively
on their own by continuously assessing their activity and
performance in real time. in this edition, 66 topics  
include key math skills, general chemistry skills
such as nuclear chemistry, phases of matter, redox  
reactions, acids and bases, and organic and  
biochemistry skills.

nEW! the chemistry Primer is a 
series of tutorials focused on remedi-
ating students in preparation for their 
first college chemistry course. The 
primer is offered as a pre-built assign-
ment automatically generated as a 
default assignment with every newly 
created General chemistry course.
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13.6 Colligative properties: Vapor pressure lowering, Freezing point Depression, Boiling point elevation, and osmotic pressure 603

Chemistry in Your DaY | antifreeze in Frogs

Wood frogs (Rana sylvatica) look like most other frogs. they are a few inches 
long and have characteristic greenish-brown skin. However, wood frogs sur-

vive cold winters in a remarkable way—they partially freeze. in its partially frozen 
state, a wood frog has no heartbeat, no blood circulation, no breathing, and no 
brain activity. Within 1–2 hours of thawing, however, these vital functions return 
and the frog hops off to find food. How does the wood frog do this?

Most cold-blooded animals cannot survive freezing temperatures because 
the water within their cells freezes. as we learned in section 11.9, when water 
freezes, it expands, irreversibly damaging cells. When the wood frog hiber-
nates for the winter, however, it produces large amounts of glucose that is se-
creted into its bloodstream and fills the interior of its cells. When the tempera-
ture drops below freezing, extracellular body fluids, such as those in the frog’s 
abdominal cavity, freeze solid. Fluids within cells, however, remain liquid be-
cause the high glucose concentration lowers their freezing point. in other 
words, the concentrated glucose solution within the frog’s cells acts as anti-
freeze, preventing the water within the cells from freezing and allowing the frog 
to survive.

Q u e S T i o N
The wood frog can survive at body temperatures as low as -8.0 °C. Calculate the molality of a glucose solution (C6H12O6) 
required to lower the freezing point of water to -8.0 °C.

▲ the wood frog survives winter by partially 
freezing. it protects its cells by flooding 
them with glucose, which acts as an 
antifreeze.

osmotic Pressure
The process by which seawater causes dehydration (discussed in Section 13.1) is osmosis. 
Osmosis is the flow of solvent from a solution of lower solute concentration to one of 
higher solute concentration. Concentrated solutions draw solvent from more dilute 
solutions because of nature’s tendency to mix.

Figure 13.16▼ illustrates an osmosis cell. The left side of the cell contains a concentrated
saltwater solution and the right side of the cell contains pure water. A semipermeable
membrane—a membrane that selectively allows some substances to pass through but not

Water
level
rises

Pressure of excess fluid =
osmotic pressure of solution

At equilibriumInitially

Osmosis and Osmotic Pressure

Solute
particle

Water
molecules

Semipermeable
membrane

▲ Figure 13.16 an Osmosis Cell in an osmosis cell, water flows from the pure-water 
side of the cell through the semipermeable membrane to the saltwater side.
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New! 
Chapter 12—solids and modern materials

this chapter contains new topics and consolidates content on materials 
that was found in other parts of the book in previous editions into one 
new chapter. new and consolidated topics include unit cells, carbon  
and silicates, ceramics, cement, glass, polymorphs, polyethylene, and the 
band gap in group 4A elements.  
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Electrochemistry

One day sir, you may tax it.
—Michael Faraday (1791–1867)
[in response to mr. Gladstone, the British Chancellor of the Exchequer, 
when asked about the practical worth of electricity.]

19.1  Pulling the Plug on the Power 
Grid 889

19.2  Balancing Oxidation–Reduction 
Equations 890

19.3  Voltaic (or Galvanic) Cells: 
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19.4  standard Electrode 
Potentials 898

19.5  Cell Potential, Free Energy, and 
the Equilibrium Constant 905
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▲ The smartphone shown here is 
powered by a hydrogen–oxygen fuel 
cell, a device that generates 
electricity from the reaction 
between hydrogen and oxygen to 
form water.

this chapter’s opening quote from Michael Faraday illustrates an important aspect of 
basic research (research for the sake of understanding how nature works). The 
Chancellor of the Exchequer (the British cabinet minister responsible for all finan-

cial matters) wanted to know how Michael Faraday’s apparently esoteric investigations of 
electricity would ever be useful to the empire. Faraday responded in a way that the chan-
cellor would understand—he pointed out the eventual financial payoff. Today electricity 
is a fundamental form of energy, powering our entire economy. Although basic research 
does not always lead to useful applications, much of the technology our society relies on 
has grown out of basic research. The history of modern science shows that we must first 
understand nature (the goal of basic research) before we can harness its power. In this 
chapter, we discuss oxidation–reduction reactions (first introduced in Chapter 4) and how 
we can exploit them to generate electricity. The applications range from the batteries that 
power flashlights to the fuel cells that may one day power our homes and automobiles.

 19.1 Pulling the Plug on the Power Grid
The power grid distributes centrally generated electricity throughout the country to 
homes and businesses. When you turn on a light or electrical appliance, electricity flows 
from the grid through the wires in your home to the light or appliance. The electrical 
energy is converted into light within the lightbulb or into work within the appliance. 
The average U.S. household consumes about 1000 kilowatt-hours (kWh) of electricity 
per month. The local electrical utility monitors your electricity use and bills you for it.

The kilowatt-hour is a unit of energy 
first introduced in Section 6.2.
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The Pearson eText 
gives students 
access to the text 
whenever and 
wherever they can 
access the Internet. 

Chemistry: A Molecular Approach 



Making Chemistry Relevant Chemistry: A Molecular Approach has a unique and consistent step-by-step format that encourages logical 
thinking throughout the problem-solving process, driving students to think through problems critically, 
rather than to simply memorize formulas.

interactive Problem-solving strategy

A unique and consistent step-by-step format encourages 
logical thinking throughout the problem-solving process,
driving students to think through problems critically,
rather than to simply memorize formulas.

icons appear next to 
examples indicating  
an interactive Worked 
Example digital version 
is available in the eText 
and on mobile devices 
via a QR code located 
here, and on the back 
cover of your textbook.

nEW! 61 interactive Worked Examples
make Tro’s unique problem-solving 
strategies interactive, bringing his award-
winning teaching directly to all students 
using his text. in these digital, mobile 
versions, students are shown how to 
break down problems using Tro’s proven 
“Sort, Strategize, Solve, and check” 
technique, helping to learn how to 
consistently solve chemical problems. 
These examples can be utilized as an 
after class activity.
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Icons appear next to examples indicating
an Interactive Worked Example digital 
version is available in the eText and on 
mobile	devices	via	a	QR	code	located	here,	
and on the back cover of the textbook.

A Focus on Conceptual understanding

nEW! 57 Key concept Videos combine artwork from the 
textbook with both 2d and 3d animations to create a dynamic 
on-screen viewing and learning experience. These short videos 
include narration and brief live-action clips of author niva Tro 
explaining the key concepts of each chapter. These videos can 
be utilized as a before class activity.
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NEW! 57 Key Concept Videos combine 
artwork from the textbook with both 2D and 
3D animations to create a dynamic on-screen 
viewing and learning experience. These short 
videos include narration and brief live-action 
clips of author Niva Tro explaining the key 
concepts of each chapter. These videos can
be	utilized	as	a	before	class	activity.

NEW! Data Interpretation and Analysis (1) questions present real 
data	in	real	life	situations	and	ask	students	to	analyze	that	data.	These	
in-depth	exercises	give	students	practice	reading	graphs,	digesting	
tables,	and	making	data-driven	decisions.	NEW! Questions for Group 
Work (2) give students the opportunity to work with their peers in small 
groups.	The	questions	can	be	used	in	or	out	of	the	classroom,	and	the	
goal is to foster collaborative learning and encourage students to work 
together as a team to solve problems.

A Focus on Conceptual 
Understanding

Active and Adaptive  
MasteringChemistry	is	the	leading	online	homework,	tutorial,	and	assessment	system,	designed	to	improve	
results	by	engaging	students	before,	during,	and	after	class	with	powerful	content.

To learn more about this program including components and MasteringChemistry with Pearson eText, visit www.PearsonSchool.com/Advanced

v

nEW! data interpretation and 
Analysis questions present real 
data in real life situations and  
ask students to analyze that data. 
These in-depth exercises give
students practice reading graphs,
digesting tables, and making
data-driven decisions.

21st Century skills

tro’s approach to general Chemistry addresses 21st century skills,
including the ability to analyze and interpret data and the capacity
to work well in groups. Concepts are covered in a thorough and
approachable manner, which ensures that every explanation is relevant 
and helps students see the real-world importance and applications of 
Chemistry.  students can learn concepts and build skills through
numerous resources for use before, during, and after class. 
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nEW! Questions for Group Work give students the 
opportunity to work with their peers in small groups. The 
questions can be used in or out of the classroom, and 
the goal is to foster collaborative learning and encourage 
students to work together as a team to solve problems.

21st Century skills
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21st Century Skills

Tro’s	approach	to	Chemistry	addresses	21st	century	skills,
including	the	ability	to	analyze	and	interpret	data	and	the	capacity
to work well in groups. Concepts are covered in a thorough and
approachable	manner,	which	ensures	that	every	explanation	is	relevant
and helps students see the real-world importance and applications of
Chemistry. Students can learn concepts and build skills through
numerous	resources	for	use	before,	during,	and	after	class. 

• 	Offers	AP	Correlation	guide	to	the	College	Board’s	AP® Chemistry
Course Topic Standards.

•  Features a Student Test Prep Workbook for AP® Chemistry
created	specifically	for	the	AP® Edition of Chemistry: A Molecular 
Approach 4e. (Available for purchase)

NEW! Ready-to-Go Teaching Modules in the Instructor Resources 
section help instructors efficiently make use of the available teaching 
tools	for	each	chapter.	Pre-built	before	class	assignments,	in-class	
activities,	and	after-class	assignments	are	provided	for	ease	of	use.	
Instructors can incorporate active learning into their course with the 
suggested	activity	ideas,	Learning	Catalytics	questions,	and	clicker	
questions.

with MasteringGeography

Enrich Lecture with Dynamic Media
Teachers can incorporate dynamic media into lecture, such as Videos, 
MapMaster Interactive Maps, and Geoscience Animations.

DURING CLASS
Learning Catalytics and Engaging Media

What has Teachers and Students excited? 
Learning Cataltyics, a ‘bring your own device’ 
student engagement, assessment, and classroom 
intelligence system, allows students to use their 
smartphone, tablet, or laptop to respond to 
questions in class.  With Learning Cataltyics,  
you can:

• Assess students in real-time using open 
ended question formats to uncover student 
misconceptions and adjust lecture accordingly. 

• Automatically create groups for peer 
instruction based on student response 
patterns, to optimize discussion productivity. 

“My students are so busy and 
engaged answering Learning 
Catalytics questions during lecture 
that they don’t have time for 
Facebook.”

Declan De Paor, Old Dominion University
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NEW! Dynamic Study Modules 
help students study effectively 
on their own by continuously 
assessing their activity and 
performance in real time. In this 
edition,	66	topics	include	key	
math	skills,	general	chemistry	
skills	such	as	nuclear	chemistry,	
phases	of	matter,	redox	reactions,	
acids	and	bases,	and	organic	and	
biochemistry skills.

2

A Focus on Conceptual understanding

nEW! 57 Key concept Videos combine artwork from the 
textbook with both 2d and 3d animations to create a dynamic 
on-screen viewing and learning experience. These short videos 
include narration and brief live-action clips of author niva Tro 
explaining the key concepts of each chapter. These videos can 
be utilized as a before class activity.
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interactive Problem-solving strategy

A unique and consistent step-by-step format encourages 
logical thinking throughout the problem-solving process,
driving students to think through problems critically,
rather than to simply memorize formulas.

icons appear next to 
examples indicating  
an interactive Worked 
Example digital version 
is available in the eText 
and on mobile devices 
via a QR code located 
here, and on the back 
cover of your textbook.

nEW! 61 interactive Worked Examples
make Tro’s unique problem-solving 
strategies interactive, bringing his award-
winning teaching directly to all students 
using his text. in these digital, mobile 
versions, students are shown how to 
break down problems using Tro’s proven 
“Sort, Strategize, Solve, and check” 
technique, helping to learn how to 
consistently solve chemical problems. 
These examples can be utilized as an 
after class activity.

A01_TRO5187_04_SE_NASTAFM_A-i-A-xlvv3.1.12.indd   36 2016/01/27   10:54 AM

interactive Problem-solving strategy

A unique and consistent step-by-step format encourages 
logical thinking throughout the problem-solving process,
driving students to think through problems critically,
rather than to simply memorize formulas.

icons appear next to 
examples indicating  
an interactive Worked 
Example digital version 
is available in the eText 
and on mobile devices 
via a QR code located 
here, and on the back 
cover of your textbook.

nEW! 61 interactive Worked Examples
make Tro’s unique problem-solving 
strategies interactive, bringing his award-
winning teaching directly to all students 
using his text. in these digital, mobile 
versions, students are shown how to 
break down problems using Tro’s proven 
“Sort, Strategize, Solve, and check” 
technique, helping to learn how to 
consistently solve chemical problems. 
These examples can be utilized as an 
after class activity.

A01_TRO5187_04_SE_NASTAFM_A-i-A-xlvv3.1.12.indd   36 2016/01/27   10:54 AM

NEW! 61 Interactive Worked 
Examples make Tro’s unique 
problem-solving strategies 
interactive,	bringing	his	award	
winning teaching directly to all
students using his text. In these 
digital,	mobile	versions,	students	
are shown how to break down 
problems	using	Tro’s	proven	“Sort,	
Strategize,	Solve,	and	Check”	
technique,	helping	to	learn	how	
to consistently solve chemical 
problems. These examples can be 
utilized	as	an	after	class	activity.

masteringChemistry is the leading online homework, tutorial, and assessment 
system, designed to improve results by engaging students before, during, and 
after class with powerful content. Instructors can ensure students arrive ready 
to learn by assigning educationally effective content before class, and
encourage critical thinking and retention with in-class resources. students 
can further master concepts after class through traditional and adaptive 
homework assignments that provide hints and answer-specific feedback.

nEW! ready-to-Go teaching Modules in the instructor Resources section help
instructors efficiently make use of the available teaching tools for each chapter. Pre-built
before class assignments, in-class activities, and after-class assignments are provided
for ease of use. instructors can incorporate active learning into their course with the
suggested activity ideas, learning catalytics questions, and clicker questions.

dynamic Study Modules help students study effectively
on their own by continuously assessing their activity and
performance in real time. in this edition, 66 topics  
include key math skills, general chemistry skills
such as nuclear chemistry, phases of matter, redox  
reactions, acids and bases, and organic and  
biochemistry skills.

nEW! the chemistry Primer is a 
series of tutorials focused on remedi-
ating students in preparation for their 
first college chemistry course. The 
primer is offered as a pre-built assign-
ment automatically generated as a 
default assignment with every newly 
created General chemistry course.
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NEW! The Chemistry Primer is a series of tutorials focused 
on remediating students in preparation for their first college 
chemistry course. The primer is offered as a pre-built assignment 
automatically generated as a default assignment with every newly 
created General Chemistry Course.

masteringChemistry is the leading online homework, tutorial, and assessment 
system, designed to improve results by engaging students before, during, and 
after class with powerful content. Instructors can ensure students arrive ready 
to learn by assigning educationally effective content before class, and
encourage critical thinking and retention with in-class resources. students 
can further master concepts after class through traditional and adaptive 
homework assignments that provide hints and answer-specific feedback.

nEW! ready-to-Go teaching Modules in the instructor Resources section help
instructors efficiently make use of the available teaching tools for each chapter. Pre-built
before class assignments, in-class activities, and after-class assignments are provided
for ease of use. instructors can incorporate active learning into their course with the
suggested activity ideas, learning catalytics questions, and clicker questions.

dynamic Study Modules help students study effectively
on their own by continuously assessing their activity and
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such as nuclear chemistry, phases of matter, redox  
reactions, acids and bases, and organic and  
biochemistry skills.
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ment automatically generated as a 
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