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330 ChApter 11 Gases

the volume (V) of a sample of gas changes inversely with the pressure (P) of the gas  
as long as there is no change in the temperature (T) or amount of gas (n), as illustrated  
in figure 11.4.

If the volume or pressure of a gas changes without any change occurring in the 
temperature or in the amount of the gas, then the final pressure and volume will give 
the same PV  product as the initial pressure and volume. Then we can set the initial and 
final PV products equal to each other. In the equation for Boyle’s law, the initial pres-
sure and volume are written as P1 and V1 and the final pressure and volume are written 
as P2 and V2.

Boyle’s Law

P1V1 = P2V2 No change in temperature and number of moles

saMple probleM 11.3 Calculating Volume when pressure Changes

When Whitney had her asthma attack, she was given oxygen through a face mask. The 
gauge on a 12-L tank of compressed oxygen reads 3800 mmHg. How many liters would 
this same gas occupy at a final pressure of 570 mmHg when temperature and amount of 
gas do not change?

Try iT firsT

soluTion

step 1  State the given and needed quantities. We place the gas data in a table by 
writing the initial pressure and volume as P1 and V1 and the final pressure and volume as 
P2 and V2. We see that the pressure decreases from 3800 mmHg to 570 mmHg. Using 
Boyle’s law, we predict that the volume increases.

V1 = 4 L
P1 = 1 atm

V2 = 2 L
P2 = 2 atm

Piston

figure 11.4 ▶  Boyle’s law: As 
volume decreases, gas molecules 
become more crowded, which causes 
the pressure to increase. Pressure and 
volume are inversely related.

If the volume of a gas 
increases, what will happen to 
its pressure?
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STEP 1
State the given and needed 
quantities.

STEP 2
Rearrange the gas law
equation to solve for the
unknown quantity.

STEP 3
Substitute values into the
gas law equation and
calculate.

Guide to Using the Gas Laws

oxygen therapy increases the  
oxygen available to the  
tissues of the body.

step 2  Rearrange the gas law equation to solve for the unknown quantity.  
For a PV relationship, we use Boyle’s law and solve for V2 by dividing both sides by P2. 
According to Boyle’s law, a decrease in the pressure will cause an increase in the 
 volume when T and n remain constant.

 P1V1 = P2V2

 
P1V1

P2
=

P2V2

P2

 V2 = V1 *
P1

P2

step 3  Substitute values into the gas law equation and calculate. When we  
substitute in the values with pressures in units of mmHg, the ratio of pressures (pressure 
factor) is greater than 1, which increases the volume as predicted.

V2 = 12 L *
3800 mmHg

570 mmHg
= 80. L

 Pressure factor  
 increases volume

AnALyze the 
proBLeM

given need Connect

P1 = 3800 mmHg P2 = 570 mmHg
 V1 = 12 L V2

Boyle’s law,  
P1V1 = P2V2

Factors that remain  
constant: T and n

predict: P decreases, 
V increases
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concept map 21

    Follow Up 
 ForEnSiC EviDEnCE SoLvES thE mUrDEr   
 Using a variety of laboratory tests, Sarah finds ethylene glycol 
in the victim’s blood. The quantitative tests indicate that the 
victim had ingested 125 g of ethylene glycol. Sarah deter-
mines that the liquid in a glass found at the crime scene was 
ethylene glycol that had been added to an alcoholic bever-
age. Ethylene glycol is a clear, sweet-tasting, thick liquid that is 
odorless and mixes with water. It is easy to obtain since it is 
used as antifreeze in automobiles and in brake fluid. Because 
the initial symptoms of ethylene glycol poisoning are similar to 
being intoxicated, the victim is often unaware of its presence. 

 If ingestion of ethylene glycol occurs, it can cause depres-
sion of the central nervous system, cardiovascular damage, and 
kidney failure. If discovered quickly, hemodialysis may be used 
to remove ethylene glycol from the blood. A toxic amount of 
ethylene glycol is 1.5 g of ethylene glycol / kg of body mass. 
Thus, 75 g could be fatal for a 50-kg (110 lb) person. 

 Mark determines that fingerprints on the glass containing 
the ethylene glycol were those of the victim’s husband. This 
evidence along with the container of antifreeze found in the 

home led to the arrest and conviction of the husband for poi-
soning his wife. 

   applications  

      1. 33  A container was found in the home of the victim that contained 
120 g of ethylene glycol in 450 g of liquid. What was the per-
centage of ethylene glycol? Express your answer to the ones 
place.   

     1. 34  If the toxic quantity is 1.5 g of ethylene glycol per 1000 g of 
body mass, what percentage of ethylene glycol is fatal?    

        

      ConCEPt maP       
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CHEMISTRY IN OUR LIVES
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Designed to prepare students for science-related careers, Basic Chemistry organizes chemical concepts and 
problem solving into clear, manageable pieces, ensuring students follow along and stay motivated through-
out their first chemistry course. Timberlake’s friendly writing style, student focus, challenging problems, 
and  engaging applications continue to help students make connections between chemistry and their future 
 careers as they develop problem-solving skills they’ll need beyond the classroom.
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    a CaLL CamE in to 911  
from a man who found his wife lying 
on the floor of their home. When 
the police arrived, they determined 
that the woman was dead. The 
husband said he had worked late, 
and just arrived home. The victim’s 
body was lying on the floor of the 
living room. There was no blood 
at the scene, but the police did 
find a glass on the side table that 
contained a small amount of liquid. 
In an adjacent laundry room/garage, 
the police found a half-empty bottle 
of antifreeze. The bottle, glass, and 
liquid were bagged and sent to the 
forensic laboratory. 

 In another 911 call, a man was 
found lying on the grass outside his 
home. Blood was present on his body, 
and some bullet casings were found 
on the grass. Inside the victim’s home, 
a weapon was recovered. The bullet 
casings and the weapon were bagged 
and sent to the forensic laboratory. 

 Sarah and Mark, forensic 
scientists, use scientific procedures 
and chemical tests to examine the 
evidence from law enforcement 
agencies. Sarah proceeds to analyze 
blood, stomach contents, and the 
unknown liquid from the first victim’s 
home. She will look for the presence 
of drugs, poisons, and alcohol. Her 

lab partner Mark will analyze the 
fingerprints on the glass. He will also 
match the characteristics of the bullet 
casings to the weapon that was found 
at the second crime scene. 

      1  chemistry in Our 
lives   

 1

    CarEEr 
Forensic Scientist  
 Most forensic scientists work in crime laboratories that are part of city or 
county legal systems where they analyze bodily fluids and tissue samples 
collected by crime scene investigators. In analyzing these samples, 
forensic scientists identify the presence or absence of specific chemicals 
within the body to help solve the criminal case. Some of the chemicals 
they look for include alcohol, illegal or prescription drugs, poisons, 
arson debris, metals, and various gases such as carbon monoxide. In 
order to identify these substances, a variety of chemical instruments and 
highly specific methodologies are used. Forensic scientists also analyze 
samples from criminal suspects, athletes, and potential employees. They 
also work on cases involving environmental contamination and animal 
samples for wildlife crimes. Forensic scientists usually have a bachelor’s 
degree that includes courses in math, chemistry, and biology. 

     Evidence from a crime scene is 
sent to the forensic laboratory.   

 1

Follow ups and Applications
Chapter Openers throughout the text connect chemistry to real 
life. Each chapter begins with an image and details of a profession 
such as engineering, medicine, environmental science or agricul-
ture science, or exercise physiology. Follow ups at the end of 
chapter discuss the chemistry in the Chapter Opener and include 
Applications. These questions show students how the chemistry 
they are learning applies specifically to their professional careers.

Focusing on New Problem-solving 
Strategies
This new edition introduces more problem-solving strategies, more 
problem-solving guides, new Analyze the Problem with Connect 
features, new Try It First and Engage features, conceptual and chal-
lenge problems, and new sets of combined problems.

•   NEW! Connect feature has been added to the Analyze the 
Problem boxes, which specifies the information that relates 
the Given and Need sections.

•   NEW! Try It First now precedes the Solution section of each 
Sample Problem to encourage the student to work on the 
problem before reading the given Solution.

•   NEW! Engage feature asks students to think about the par-
agraph they are reading and to test their understanding by 
answering the Engage question in the margin, which is related 
to the topic.
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 Calculator Display  Expressed in Scientific Notation 

	

or or

or or
							

				7.52 * 104				

				 5.8 * 10-2				

 On many scientific calculators, a number is converted into scientific notation using 
the appropriate keys. For example, the number 0.000 52 is entered, followed by pressing 
the 2 nd  or 3 rd  function key and the SCI key. The scientific notation appears in the calculator 
display as a coefficient and the power of 10. 

  

0.000 52 5.2 10-4*
Calculator display

2nd or 3rd function key SCI oror ==
    

    SamPLE ProBLEm  1. 7     Scientific notation   

 Write each of the following in scientific notation: 

a.    3500  b.   0.000 016     

    
try it FirSt

    
   SoLUtion  

ANALYZE THE 
PROBLEM

Given Need Connect

standard number scientific notation coefficient is at least 1 
 but less than 10

a.    3500 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number greater than 1, the decimal point is moved to the left three 
places to give a coefficient of 3.5.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
 decimal point three places to the left gives a power of 3, written as  103.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 3.5 * 103     

b.   0.000 016 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number less than 1, the decimal point is moved to the right five places to 
give a coefficient of 1.6.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
d ecimal point five places to the right gives a power of negative 5, written as  10-5.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 1.6 * 10-5              

    StUDy ChECk  1. 7   

 Write each of the following in scientific notation: 

a.    425 000  b.   0.000 000 86    

   anSWEr  

a.     4.25 * 105   b.    8.6 * 10-7      

STEP 1

STEP 2

STEP 3

Guide to Writing a Number
in Scientific Notation

Move the decimal point
to obtain a coefficient
that is at least 1 but less
than 10.

Express the number of
places moved as a power
of 10.

Write the product of the
coefficient multiplied by
the power of 10.
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     1. 3     Learning Chemistry: A Study Plan     
    LEarninG GoaL       Develop a study plan for learning chemistry.  

 Here you are taking chemistry, perhaps for the first time. Whatever your reasons for choos-
ing to study chemistry, you can look forward to learning many new and exciting ideas. 

   Features in This Text Help You Study Chemistry  
 This text has been designed with study features to complement your individual learning style. 
On the inside of the front cover is a periodic table of the elements. On the inside of the back 
cover are tables that summarize useful information needed throughout your study of chemistry. 
 Each chapter begins with Looking Ahead, which outlines the topics in the chapter.  Key Terms 
are bolded when they first appear in the text, and are summarized at the end of each chapter. 
They are also listed and defined in the comprehensive Glossary and Index, which appears at the 
end of the text. Key Math Skills and Core Chemistry Skills that are critical to learning chemistry 
are indicated by icons in the margin , and summarized at the end of each chapter.  In the Chapter 
Readiness list at the beginning of  every  chapter, the Key Math Skills and Core Chemistry Skills 
 from previous chapters     related to  the current  chapter concepts  are     highlighted for your review.       

 Before you begin reading, obtain an overview of a chapter by reviewing the topics in 
Looking Ahead. As you prepare to read a section of the chapter, look at the section title and 
turn it into a question. For example, for section  1. 1, “Chemistry and Chemicals,” you 
could ask, “What is chemistry?” or “What are chemicals?” When you come to a Sample 
Problem, take the time to work it through and compare your solution to the one provided. 
As you read the text, you will see Engage features in the margin, which remind you to 
pause your reading and interact with a question related to the material.      

 The Try It First feature above the Solution of each Sample Problem is a reminder 
for you to work out the problem before you look at the Solution. Many  Sample Problem s 
are accompanied by a  Guide to Problem Solving , which gives the steps needed to work 
the problem. The  Analyze the Problem  feature in some Sample Problems includes 
 Given , the information we have;  Need , what we are going to accomplish; and  Connect , 
how we proceed from Given to Need. When you compare your answer with the Solution 
provided, you know what you need to correct or change. This process of trying the prob-
lem first will help you develop successful problem solving techniques. Then work the 
associated  Study Check. The answers to all the Study Checks are included and you can 
compare your answer to the one provided.  

 At the end of  each  chapter section, you will find a set of Questions and Problems that 
allows you to apply problem solving immediately to the new concepts. The problems are 
paired, which means that each of the odd-numbered problems is matched to the following 
even-numbered problem. At the end of  each  chapter, the answers to all the odd-numbered 
problems are provided. If the answers match yours, you most likely understand the topic; 
if not, you need to study the section again. 

 Throughout  each  chapter, boxes titled “Chemistry Link to Health” and “Chemistry 
Link to the Environment” help you connect the chemical concepts you are learning to 
real-life situations. Many of the figures and diagrams use macro-to-micro illustrations 
to depict the atomic level of organization of ordinary objects, such as the atoms in alu-
minum foil. These visual models  illustrate the concepts described in the text and allow 
you to “see” the world in a microscopic way. 

 At the end of  each  chapter, you will find several study aids that complete the chapter. 
 Chapter Review   s   provide a summary in easy-to-read bullet points and  Concept Maps  visu-
ally show the connections between important topics. The  Key Terms , which are in boldface 
type within the chapter, are listed with their definitions.  Understanding the Concepts , a set 
of questions that use art and models, helps you visualize concepts.  Additional Questions 
and Problems  and  Challenge Problems  provide additional exercises to test your under-
standing of the topics in the chapter.  Applications  are groups of problems that apply sec-
tion content to current topics. Answers to all of the odd-numbered problems complete the 
chapter and you can compare your answers to the ones provided. 

  After some chapters    , problem sets called  Combining Ideas  test your ability to solve 
problems  containing material from more than one chapter .  
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 What is different and what is the 
same for an atom of Sn-105 and an 
atom of Sn-132? 

   EnGaGE   

ANALYZE 
THE 
PROBLEM

Given Need Connect

165 lb kilograms conversion
 factor

        
try it FirSt

Highlighting Relevancy  
and Applications
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NEW! Learning Catalytics™ is a “bring your own device” 
student engagement, assessment, and classroom intelligence 
system. with Learning Catalytics™ you can:

•   Assess students in real time, using open-ended tasks to probe 
student understanding. 

•   Understand immediately where students are and adjust your 
lecture accordingly. 

•   Improve your students’ critical-thinking skills.
•   Access rich analytics to understand student performance. 
•   Add your own questions to make Learning Catalytics™ fit your 

course exactly.
•   Manage student interactions with intelligent grouping and timing. 

NEW! Adaptive Follow-Up Assignments
Instructors now have the ability to assign adaptive follow-up 
assignments to students. Content delivered to students as part 
of adaptive learning will be automatically personalized for each 
individual based on strengths and weaknesses identified by his or 
her performance on Mastering  parent assignments.

NEW! Dynamic Study Modules, designed to enable students 
to study effectively on their own as well as help students quickly 
access and learn the nomenclature they need to be more successful 
in chemistry. These modules can be accessed on smartphones, 
tablets, and computers and results can be tracked in the 
MasteringChemistry® Gradebook. How it works:

1.  Students receive an initial set of questions and benefit from 
the metacognition involved with asking them to indicate how 
confident they are with their answer.

2.  After answering each set of questions, students review their answers.
3.  Each question has explanation material that reinforces the correct 

answer response and addresses the misconceptions found in the 
wrong answer choices.

4.  Once students review the explanations, they are presented with a 
new set of questions. Students cycle through this dynamic process 
of test-learn-retest until they achieve mastery of the material.  

NEW! Learning Outcomes
Let Mastering do the work in tracking student performance against 
your learning outcomes: 

•  Add your own or use the publisher provided learning outcomes.
•  View class performance against the specified learning outcomes.
•  Export results to a spreadsheet that you can further customize.

MasteringChemistry® for Instructors
www.masteringchemistry.com

The Mastering platform was developed by scientists for science students and 
instructors. Mastering has been refined from data-driven insights derived from 
over a decade of real-world use by faculty and students.
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Highlighting Relevancy and Applications

This new edition introduces more problem-solving 
strategies, problem-solving guides, conceptual and 
challenge problems, along with new sets of combined 
problems.
• NEW! Connect feature (1) has been added to the   
 Analyze the Problem boxes, which specifies the   
 information that relates the Given and Need sections.
• NEW! Try It First (2) now precedes the Solution section  
 of each Sample Problem to encourage the student to  
 work on the problem before reading the given Solution.
• NEW! Engage (3) feature asks students to think about  
 the paragraph they are reading and to test their   
 understanding by answering the Engage question in  
 the margin, which is related to the topic.

Chapter Openers (1) throughout the text connect chemistry 
to real life. Each chapter begins with an image and details of 
a profession such as engineering, medicine, environmental 
science or agriculture science, or exercise physiology. Follow 
Ups (2) at the end of chapter discuss the chemistry in the 
Chapter Opener and include Applications. These questions 
show students how the chemistry they are learning applies 
specifically to their professional careers.

Focusing on New Problem- 
Solving Strategies 

To learn more about this program including components and MasteringChemistry with Pearson eText, visit www.PearsonSchool.com/Advanced
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odorless and mixes with water. It is easy to obtain since it is 
used as antifreeze in automobiles and in brake fluid. Because 
the initial symptoms of ethylene glycol poisoning are similar to 
being intoxicated, the victim is often unaware of its presence. 

 If ingestion of ethylene glycol occurs, it can cause depres-
sion of the central nervous system, cardiovascular damage, and 
kidney failure. If discovered quickly, hemodialysis may be used 
to remove ethylene glycol from the blood. A toxic amount of 
ethylene glycol is 1.5 g of ethylene glycol / kg of body mass. 
Thus, 75 g could be fatal for a 50-kg (110 lb) person. 

 Mark determines that fingerprints on the glass containing 
the ethylene glycol were those of the victim’s husband. This 
evidence along with the container of antifreeze found in the 

home led to the arrest and conviction of the husband for poi-
soning his wife. 

   applications  

      1. 33  A container was found in the home of the victim that contained 
120 g of ethylene glycol in 450 g of liquid. What was the per-
centage of ethylene glycol? Express your answer to the ones 
place.   

     1. 34  If the toxic quantity is 1.5 g of ethylene glycol per 1000 g of 
body mass, what percentage of ethylene glycol is fatal?    
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out their first chemistry course. Timberlake’s friendly writing style, student focus, challenging problems, 
and  engaging applications continue to help students make connections between chemistry and their future 
 careers as they develop problem-solving skills they’ll need beyond the classroom.
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    a CaLL CamE in to 911  
from a man who found his wife lying 
on the floor of their home. When 
the police arrived, they determined 
that the woman was dead. The 
husband said he had worked late, 
and just arrived home. The victim’s 
body was lying on the floor of the 
living room. There was no blood 
at the scene, but the police did 
find a glass on the side table that 
contained a small amount of liquid. 
In an adjacent laundry room/garage, 
the police found a half-empty bottle 
of antifreeze. The bottle, glass, and 
liquid were bagged and sent to the 
forensic laboratory. 

 In another 911 call, a man was 
found lying on the grass outside his 
home. Blood was present on his body, 
and some bullet casings were found 
on the grass. Inside the victim’s home, 
a weapon was recovered. The bullet 
casings and the weapon were bagged 
and sent to the forensic laboratory. 

 Sarah and Mark, forensic 
scientists, use scientific procedures 
and chemical tests to examine the 
evidence from law enforcement 
agencies. Sarah proceeds to analyze 
blood, stomach contents, and the 
unknown liquid from the first victim’s 
home. She will look for the presence 
of drugs, poisons, and alcohol. Her 

lab partner Mark will analyze the 
fingerprints on the glass. He will also 
match the characteristics of the bullet 
casings to the weapon that was found 
at the second crime scene. 

      1  chemistry in Our 
lives   
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    CarEEr 
Forensic Scientist  
 Most forensic scientists work in crime laboratories that are part of city or 
county legal systems where they analyze bodily fluids and tissue samples 
collected by crime scene investigators. In analyzing these samples, 
forensic scientists identify the presence or absence of specific chemicals 
within the body to help solve the criminal case. Some of the chemicals 
they look for include alcohol, illegal or prescription drugs, poisons, 
arson debris, metals, and various gases such as carbon monoxide. In 
order to identify these substances, a variety of chemical instruments and 
highly specific methodologies are used. Forensic scientists also analyze 
samples from criminal suspects, athletes, and potential employees. They 
also work on cases involving environmental contamination and animal 
samples for wildlife crimes. Forensic scientists usually have a bachelor’s 
degree that includes courses in math, chemistry, and biology. 

     Evidence from a crime scene is 
sent to the forensic laboratory.   

 1

Follow ups and Applications
Chapter Openers throughout the text connect chemistry to real 
life. Each chapter begins with an image and details of a profession 
such as engineering, medicine, environmental science or agricul-
ture science, or exercise physiology. Follow ups at the end of 
chapter discuss the chemistry in the Chapter Opener and include 
Applications. These questions show students how the chemistry 
they are learning applies specifically to their professional careers.

Focusing on New Problem-solving 
Strategies
This new edition introduces more problem-solving strategies, more 
problem-solving guides, new Analyze the Problem with Connect 
features, new Try It First and Engage features, conceptual and chal-
lenge problems, and new sets of combined problems.

•   NEW! Connect feature has been added to the Analyze the 
Problem boxes, which specifies the information that relates 
the Given and Need sections.

•   NEW! Try It First now precedes the Solution section of each 
Sample Problem to encourage the student to work on the 
problem before reading the given Solution.

•   NEW! Engage feature asks students to think about the par-
agraph they are reading and to test their understanding by 
answering the Engage question in the margin, which is related 
to the topic.
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 Calculator Display  Expressed in Scientific Notation 

	

or or

or or
							

				7.52 * 104				

				 5.8 * 10-2				

 On many scientific calculators, a number is converted into scientific notation using 
the appropriate keys. For example, the number 0.000 52 is entered, followed by pressing 
the 2 nd  or 3 rd  function key and the SCI key. The scientific notation appears in the calculator 
display as a coefficient and the power of 10. 

  

0.000 52 5.2 10-4*
Calculator display

2nd or 3rd function key SCI oror ==
    

    SamPLE ProBLEm  1. 7     Scientific notation   

 Write each of the following in scientific notation: 

a.    3500  b.   0.000 016     

    
try it FirSt

    
   SoLUtion  

ANALYZE THE 
PROBLEM

Given Need Connect

standard number scientific notation coefficient is at least 1 
 but less than 10

a.    3500 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number greater than 1, the decimal point is moved to the left three 
places to give a coefficient of 3.5.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
 decimal point three places to the left gives a power of 3, written as  103.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 3.5 * 103     

b.   0.000 016 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number less than 1, the decimal point is moved to the right five places to 
give a coefficient of 1.6.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
d ecimal point five places to the right gives a power of negative 5, written as  10-5.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 1.6 * 10-5              

    StUDy ChECk  1. 7   

 Write each of the following in scientific notation: 

a.    425 000  b.   0.000 000 86    

   anSWEr  

a.     4.25 * 105   b.    8.6 * 10-7      

STEP 1

STEP 2

STEP 3

Guide to Writing a Number
in Scientific Notation

Move the decimal point
to obtain a coefficient
that is at least 1 but less
than 10.

Express the number of
places moved as a power
of 10.

Write the product of the
coefficient multiplied by
the power of 10.
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     1. 3     Learning Chemistry: A Study Plan     
    LEarninG GoaL       Develop a study plan for learning chemistry.  

 Here you are taking chemistry, perhaps for the first time. Whatever your reasons for choos-
ing to study chemistry, you can look forward to learning many new and exciting ideas. 

   Features in This Text Help You Study Chemistry  
 This text has been designed with study features to complement your individual learning style. 
On the inside of the front cover is a periodic table of the elements. On the inside of the back 
cover are tables that summarize useful information needed throughout your study of chemistry. 
 Each chapter begins with Looking Ahead, which outlines the topics in the chapter.  Key Terms 
are bolded when they first appear in the text, and are summarized at the end of each chapter. 
They are also listed and defined in the comprehensive Glossary and Index, which appears at the 
end of the text. Key Math Skills and Core Chemistry Skills that are critical to learning chemistry 
are indicated by icons in the margin , and summarized at the end of each chapter.  In the Chapter 
Readiness list at the beginning of  every  chapter, the Key Math Skills and Core Chemistry Skills 
 from previous chapters     related to  the current  chapter concepts  are     highlighted for your review.       

 Before you begin reading, obtain an overview of a chapter by reviewing the topics in 
Looking Ahead. As you prepare to read a section of the chapter, look at the section title and 
turn it into a question. For example, for section  1. 1, “Chemistry and Chemicals,” you 
could ask, “What is chemistry?” or “What are chemicals?” When you come to a Sample 
Problem, take the time to work it through and compare your solution to the one provided. 
As you read the text, you will see Engage features in the margin, which remind you to 
pause your reading and interact with a question related to the material.      

 The Try It First feature above the Solution of each Sample Problem is a reminder 
for you to work out the problem before you look at the Solution. Many  Sample Problem s 
are accompanied by a  Guide to Problem Solving , which gives the steps needed to work 
the problem. The  Analyze the Problem  feature in some Sample Problems includes 
 Given , the information we have;  Need , what we are going to accomplish; and  Connect , 
how we proceed from Given to Need. When you compare your answer with the Solution 
provided, you know what you need to correct or change. This process of trying the prob-
lem first will help you develop successful problem solving techniques. Then work the 
associated  Study Check. The answers to all the Study Checks are included and you can 
compare your answer to the one provided.  

 At the end of  each  chapter section, you will find a set of Questions and Problems that 
allows you to apply problem solving immediately to the new concepts. The problems are 
paired, which means that each of the odd-numbered problems is matched to the following 
even-numbered problem. At the end of  each  chapter, the answers to all the odd-numbered 
problems are provided. If the answers match yours, you most likely understand the topic; 
if not, you need to study the section again. 

 Throughout  each  chapter, boxes titled “Chemistry Link to Health” and “Chemistry 
Link to the Environment” help you connect the chemical concepts you are learning to 
real-life situations. Many of the figures and diagrams use macro-to-micro illustrations 
to depict the atomic level of organization of ordinary objects, such as the atoms in alu-
minum foil. These visual models  illustrate the concepts described in the text and allow 
you to “see” the world in a microscopic way. 

 At the end of  each  chapter, you will find several study aids that complete the chapter. 
 Chapter Review   s   provide a summary in easy-to-read bullet points and  Concept Maps  visu-
ally show the connections between important topics. The  Key Terms , which are in boldface 
type within the chapter, are listed with their definitions.  Understanding the Concepts , a set 
of questions that use art and models, helps you visualize concepts.  Additional Questions 
and Problems  and  Challenge Problems  provide additional exercises to test your under-
standing of the topics in the chapter.  Applications  are groups of problems that apply sec-
tion content to current topics. Answers to all of the odd-numbered problems complete the 
chapter and you can compare your answers to the ones provided. 

  After some chapters    , problem sets called  Combining Ideas  test your ability to solve 
problems  containing material from more than one chapter .  
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 What is different and what is the 
same for an atom of Sn-105 and an 
atom of Sn-132? 
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    Follow Up 
 ForEnSiC EviDEnCE SoLvES thE mUrDEr   
 Using a variety of laboratory tests, Sarah finds ethylene glycol 
in the victim’s blood. The quantitative tests indicate that the 
victim had ingested 125 g of ethylene glycol. Sarah deter-
mines that the liquid in a glass found at the crime scene was 
ethylene glycol that had been added to an alcoholic bever-
age. Ethylene glycol is a clear, sweet-tasting, thick liquid that is 
odorless and mixes with water. It is easy to obtain since it is 
used as antifreeze in automobiles and in brake fluid. Because 
the initial symptoms of ethylene glycol poisoning are similar to 
being intoxicated, the victim is often unaware of its presence. 

 If ingestion of ethylene glycol occurs, it can cause depres-
sion of the central nervous system, cardiovascular damage, and 
kidney failure. If discovered quickly, hemodialysis may be used 
to remove ethylene glycol from the blood. A toxic amount of 
ethylene glycol is 1.5 g of ethylene glycol / kg of body mass. 
Thus, 75 g could be fatal for a 50-kg (110 lb) person. 

 Mark determines that fingerprints on the glass containing 
the ethylene glycol were those of the victim’s husband. This 
evidence along with the container of antifreeze found in the 

home led to the arrest and conviction of the husband for poi-
soning his wife. 

   applications  

      1. 33  A container was found in the home of the victim that contained 
120 g of ethylene glycol in 450 g of liquid. What was the per-
centage of ethylene glycol? Express your answer to the ones 
place.   

     1. 34  If the toxic quantity is 1.5 g of ethylene glycol per 1000 g of 
body mass, what percentage of ethylene glycol is fatal?    
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Designed to prepare students for science-related careers, Basic Chemistry organizes chemical concepts and 
problem solving into clear, manageable pieces, ensuring students follow along and stay motivated through-
out their first chemistry course. Timberlake’s friendly writing style, student focus, challenging problems, 
and  engaging applications continue to help students make connections between chemistry and their future 
 careers as they develop problem-solving skills they’ll need beyond the classroom.
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living room. There was no blood 
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the police found a half-empty bottle 
of antifreeze. The bottle, glass, and 
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 In another 911 call, a man was 
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home. Blood was present on his body, 
and some bullet casings were found 
on the grass. Inside the victim’s home, 
a weapon was recovered. The bullet 
casings and the weapon were bagged 
and sent to the forensic laboratory. 

 Sarah and Mark, forensic 
scientists, use scientific procedures 
and chemical tests to examine the 
evidence from law enforcement 
agencies. Sarah proceeds to analyze 
blood, stomach contents, and the 
unknown liquid from the first victim’s 
home. She will look for the presence 
of drugs, poisons, and alcohol. Her 

lab partner Mark will analyze the 
fingerprints on the glass. He will also 
match the characteristics of the bullet 
casings to the weapon that was found 
at the second crime scene. 
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    CarEEr 
Forensic Scientist  
 Most forensic scientists work in crime laboratories that are part of city or 
county legal systems where they analyze bodily fluids and tissue samples 
collected by crime scene investigators. In analyzing these samples, 
forensic scientists identify the presence or absence of specific chemicals 
within the body to help solve the criminal case. Some of the chemicals 
they look for include alcohol, illegal or prescription drugs, poisons, 
arson debris, metals, and various gases such as carbon monoxide. In 
order to identify these substances, a variety of chemical instruments and 
highly specific methodologies are used. Forensic scientists also analyze 
samples from criminal suspects, athletes, and potential employees. They 
also work on cases involving environmental contamination and animal 
samples for wildlife crimes. Forensic scientists usually have a bachelor’s 
degree that includes courses in math, chemistry, and biology. 

     Evidence from a crime scene is 
sent to the forensic laboratory.   
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Follow ups and Applications
Chapter Openers throughout the text connect chemistry to real 
life. Each chapter begins with an image and details of a profession 
such as engineering, medicine, environmental science or agricul-
ture science, or exercise physiology. Follow ups at the end of 
chapter discuss the chemistry in the Chapter Opener and include 
Applications. These questions show students how the chemistry 
they are learning applies specifically to their professional careers.

Focusing on New Problem-solving 
Strategies
This new edition introduces more problem-solving strategies, more 
problem-solving guides, new Analyze the Problem with Connect 
features, new Try It First and Engage features, conceptual and chal-
lenge problems, and new sets of combined problems.

•   NEW! Connect feature has been added to the Analyze the 
Problem boxes, which specifies the information that relates 
the Given and Need sections.

•   NEW! Try It First now precedes the Solution section of each 
Sample Problem to encourage the student to work on the 
problem before reading the given Solution.

•   NEW! Engage feature asks students to think about the par-
agraph they are reading and to test their understanding by 
answering the Engage question in the margin, which is related 
to the topic.
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 Calculator Display  Expressed in Scientific Notation 

	

or or

or or
							

				7.52 * 104				

				 5.8 * 10-2				

 On many scientific calculators, a number is converted into scientific notation using 
the appropriate keys. For example, the number 0.000 52 is entered, followed by pressing 
the 2 nd  or 3 rd  function key and the SCI key. The scientific notation appears in the calculator 
display as a coefficient and the power of 10. 

  

0.000 52 5.2 10-4*
Calculator display

2nd or 3rd function key SCI oror ==
    

    SamPLE ProBLEm  1. 7     Scientific notation   

 Write each of the following in scientific notation: 

a.    3500  b.   0.000 016     

    
try it FirSt

    
   SoLUtion  

ANALYZE THE 
PROBLEM

Given Need Connect

standard number scientific notation coefficient is at least 1 
 but less than 10

a.    3500 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number greater than 1, the decimal point is moved to the left three 
places to give a coefficient of 3.5.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
 decimal point three places to the left gives a power of 3, written as  103.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 3.5 * 103     

b.   0.000 016 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number less than 1, the decimal point is moved to the right five places to 
give a coefficient of 1.6.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
d ecimal point five places to the right gives a power of negative 5, written as  10-5.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 1.6 * 10-5              

    StUDy ChECk  1. 7   

 Write each of the following in scientific notation: 

a.    425 000  b.   0.000 000 86    

   anSWEr  

a.     4.25 * 105   b.    8.6 * 10-7      

STEP 1

STEP 2

STEP 3

Guide to Writing a Number
in Scientific Notation

Move the decimal point
to obtain a coefficient
that is at least 1 but less
than 10.

Express the number of
places moved as a power
of 10.

Write the product of the
coefficient multiplied by
the power of 10.
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    LEarninG GoaL       Develop a study plan for learning chemistry.  

 Here you are taking chemistry, perhaps for the first time. Whatever your reasons for choos-
ing to study chemistry, you can look forward to learning many new and exciting ideas. 

   Features in This Text Help You Study Chemistry  
 This text has been designed with study features to complement your individual learning style. 
On the inside of the front cover is a periodic table of the elements. On the inside of the back 
cover are tables that summarize useful information needed throughout your study of chemistry. 
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They are also listed and defined in the comprehensive Glossary and Index, which appears at the 
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are indicated by icons in the margin , and summarized at the end of each chapter.  In the Chapter 
Readiness list at the beginning of  every  chapter, the Key Math Skills and Core Chemistry Skills 
 from previous chapters     related to  the current  chapter concepts  are     highlighted for your review.       

 Before you begin reading, obtain an overview of a chapter by reviewing the topics in 
Looking Ahead. As you prepare to read a section of the chapter, look at the section title and 
turn it into a question. For example, for section  1. 1, “Chemistry and Chemicals,” you 
could ask, “What is chemistry?” or “What are chemicals?” When you come to a Sample 
Problem, take the time to work it through and compare your solution to the one provided. 
As you read the text, you will see Engage features in the margin, which remind you to 
pause your reading and interact with a question related to the material.      

 The Try It First feature above the Solution of each Sample Problem is a reminder 
for you to work out the problem before you look at the Solution. Many  Sample Problem s 
are accompanied by a  Guide to Problem Solving , which gives the steps needed to work 
the problem. The  Analyze the Problem  feature in some Sample Problems includes 
 Given , the information we have;  Need , what we are going to accomplish; and  Connect , 
how we proceed from Given to Need. When you compare your answer with the Solution 
provided, you know what you need to correct or change. This process of trying the prob-
lem first will help you develop successful problem solving techniques. Then work the 
associated  Study Check. The answers to all the Study Checks are included and you can 
compare your answer to the one provided.  

 At the end of  each  chapter section, you will find a set of Questions and Problems that 
allows you to apply problem solving immediately to the new concepts. The problems are 
paired, which means that each of the odd-numbered problems is matched to the following 
even-numbered problem. At the end of  each  chapter, the answers to all the odd-numbered 
problems are provided. If the answers match yours, you most likely understand the topic; 
if not, you need to study the section again. 

 Throughout  each  chapter, boxes titled “Chemistry Link to Health” and “Chemistry 
Link to the Environment” help you connect the chemical concepts you are learning to 
real-life situations. Many of the figures and diagrams use macro-to-micro illustrations 
to depict the atomic level of organization of ordinary objects, such as the atoms in alu-
minum foil. These visual models  illustrate the concepts described in the text and allow 
you to “see” the world in a microscopic way. 

 At the end of  each  chapter, you will find several study aids that complete the chapter. 
 Chapter Review   s   provide a summary in easy-to-read bullet points and  Concept Maps  visu-
ally show the connections between important topics. The  Key Terms , which are in boldface 
type within the chapter, are listed with their definitions.  Understanding the Concepts , a set 
of questions that use art and models, helps you visualize concepts.  Additional Questions 
and Problems  and  Challenge Problems  provide additional exercises to test your under-
standing of the topics in the chapter.  Applications  are groups of problems that apply sec-
tion content to current topics. Answers to all of the odd-numbered problems complete the 
chapter and you can compare your answers to the ones provided. 

  After some chapters    , problem sets called  Combining Ideas  test your ability to solve 
problems  containing material from more than one chapter .  
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Follow Ups and Applications

Designed to prepare students for science-related careers, Basic 
Chemistry organizes chemical concepts and problem solving into clear, 
manageable pieces, ensuring students follow along and stay motivated 
throughout their chemistry course. Timberlake’s friendly writing style, 
student focus, challenging problems, and engaging applications 
continue to help students make connections between chemistry and 
their future careers as they develop problem-solving skills they’ll need 
beyond the classroom.

•  Offers correlation to the Next Generation Science Standards.  
Visit PearsonSchool.com to see the full correlation. 
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    Follow Up 
 ForEnSiC EviDEnCE SoLvES thE mUrDEr   
 Using a variety of laboratory tests, Sarah finds ethylene glycol 
in the victim’s blood. The quantitative tests indicate that the 
victim had ingested 125 g of ethylene glycol. Sarah deter-
mines that the liquid in a glass found at the crime scene was 
ethylene glycol that had been added to an alcoholic bever-
age. Ethylene glycol is a clear, sweet-tasting, thick liquid that is 
odorless and mixes with water. It is easy to obtain since it is 
used as antifreeze in automobiles and in brake fluid. Because 
the initial symptoms of ethylene glycol poisoning are similar to 
being intoxicated, the victim is often unaware of its presence. 

 If ingestion of ethylene glycol occurs, it can cause depres-
sion of the central nervous system, cardiovascular damage, and 
kidney failure. If discovered quickly, hemodialysis may be used 
to remove ethylene glycol from the blood. A toxic amount of 
ethylene glycol is 1.5 g of ethylene glycol / kg of body mass. 
Thus, 75 g could be fatal for a 50-kg (110 lb) person. 

 Mark determines that fingerprints on the glass containing 
the ethylene glycol were those of the victim’s husband. This 
evidence along with the container of antifreeze found in the 

home led to the arrest and conviction of the husband for poi-
soning his wife. 

   applications  

      1. 33  A container was found in the home of the victim that contained 
120 g of ethylene glycol in 450 g of liquid. What was the per-
centage of ethylene glycol? Express your answer to the ones 
place.   

     1. 34  If the toxic quantity is 1.5 g of ethylene glycol per 1000 g of 
body mass, what percentage of ethylene glycol is fatal?    
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Designed to prepare students for science-related careers, Basic Chemistry organizes chemical concepts and 
problem solving into clear, manageable pieces, ensuring students follow along and stay motivated through-
out their first chemistry course. Timberlake’s friendly writing style, student focus, challenging problems, 
and  engaging applications continue to help students make connections between chemistry and their future 
 careers as they develop problem-solving skills they’ll need beyond the classroom.
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    a CaLL CamE in to 911  
from a man who found his wife lying 
on the floor of their home. When 
the police arrived, they determined 
that the woman was dead. The 
husband said he had worked late, 
and just arrived home. The victim’s 
body was lying on the floor of the 
living room. There was no blood 
at the scene, but the police did 
find a glass on the side table that 
contained a small amount of liquid. 
In an adjacent laundry room/garage, 
the police found a half-empty bottle 
of antifreeze. The bottle, glass, and 
liquid were bagged and sent to the 
forensic laboratory. 

 In another 911 call, a man was 
found lying on the grass outside his 
home. Blood was present on his body, 
and some bullet casings were found 
on the grass. Inside the victim’s home, 
a weapon was recovered. The bullet 
casings and the weapon were bagged 
and sent to the forensic laboratory. 

 Sarah and Mark, forensic 
scientists, use scientific procedures 
and chemical tests to examine the 
evidence from law enforcement 
agencies. Sarah proceeds to analyze 
blood, stomach contents, and the 
unknown liquid from the first victim’s 
home. She will look for the presence 
of drugs, poisons, and alcohol. Her 

lab partner Mark will analyze the 
fingerprints on the glass. He will also 
match the characteristics of the bullet 
casings to the weapon that was found 
at the second crime scene. 

      1  chemistry in Our 
lives   

 1

    CarEEr 
Forensic Scientist  
 Most forensic scientists work in crime laboratories that are part of city or 
county legal systems where they analyze bodily fluids and tissue samples 
collected by crime scene investigators. In analyzing these samples, 
forensic scientists identify the presence or absence of specific chemicals 
within the body to help solve the criminal case. Some of the chemicals 
they look for include alcohol, illegal or prescription drugs, poisons, 
arson debris, metals, and various gases such as carbon monoxide. In 
order to identify these substances, a variety of chemical instruments and 
highly specific methodologies are used. Forensic scientists also analyze 
samples from criminal suspects, athletes, and potential employees. They 
also work on cases involving environmental contamination and animal 
samples for wildlife crimes. Forensic scientists usually have a bachelor’s 
degree that includes courses in math, chemistry, and biology. 

     Evidence from a crime scene is 
sent to the forensic laboratory.   

 1

Follow ups and Applications
Chapter Openers throughout the text connect chemistry to real 
life. Each chapter begins with an image and details of a profession 
such as engineering, medicine, environmental science or agricul-
ture science, or exercise physiology. Follow ups at the end of 
chapter discuss the chemistry in the Chapter Opener and include 
Applications. These questions show students how the chemistry 
they are learning applies specifically to their professional careers.

Focusing on New Problem-solving 
Strategies
This new edition introduces more problem-solving strategies, more 
problem-solving guides, new Analyze the Problem with Connect 
features, new Try It First and Engage features, conceptual and chal-
lenge problems, and new sets of combined problems.

•   NEW! Connect feature has been added to the Analyze the 
Problem boxes, which specifies the information that relates 
the Given and Need sections.

•   NEW! Try It First now precedes the Solution section of each 
Sample Problem to encourage the student to work on the 
problem before reading the given Solution.

•   NEW! Engage feature asks students to think about the par-
agraph they are reading and to test their understanding by 
answering the Engage question in the margin, which is related 
to the topic.
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 Calculator Display  Expressed in Scientific Notation 

	

or or

or or
							

				7.52 * 104				

				 5.8 * 10-2				

 On many scientific calculators, a number is converted into scientific notation using 
the appropriate keys. For example, the number 0.000 52 is entered, followed by pressing 
the 2 nd  or 3 rd  function key and the SCI key. The scientific notation appears in the calculator 
display as a coefficient and the power of 10. 

  

0.000 52 5.2 10-4*
Calculator display

2nd or 3rd function key SCI oror ==
    

    SamPLE ProBLEm  1. 7     Scientific notation   

 Write each of the following in scientific notation: 

a.    3500  b.   0.000 016     

    
try it FirSt

    
   SoLUtion  

ANALYZE THE 
PROBLEM

Given Need Connect

standard number scientific notation coefficient is at least 1 
 but less than 10

a.    3500 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number greater than 1, the decimal point is moved to the left three 
places to give a coefficient of 3.5.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
 decimal point three places to the left gives a power of 3, written as  103.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 3.5 * 103     

b.   0.000 016 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number less than 1, the decimal point is moved to the right five places to 
give a coefficient of 1.6.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
d ecimal point five places to the right gives a power of negative 5, written as  10-5.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 1.6 * 10-5              

    StUDy ChECk  1. 7   

 Write each of the following in scientific notation: 

a.    425 000  b.   0.000 000 86    

   anSWEr  

a.     4.25 * 105   b.    8.6 * 10-7      

STEP 1

STEP 2

STEP 3

Guide to Writing a Number
in Scientific Notation

Move the decimal point
to obtain a coefficient
that is at least 1 but less
than 10.

Express the number of
places moved as a power
of 10.

Write the product of the
coefficient multiplied by
the power of 10.
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 1.6 * 10-5              

    StUDy ChECk  1. 7   

 Write each of the following in scientific notation: 

a.    425 000  b.   0.000 000 86    

   anSWEr  

a.     4.25 * 105   b.    8.6 * 10-7      

STEP 1

STEP 2

STEP 3

Guide to Writing a Number
in Scientific Notation

Move the decimal point
to obtain a coefficient
that is at least 1 but less
than 10.

Express the number of
places moved as a power
of 10.

Write the product of the
coefficient multiplied by
the power of 10.

1.3 learning chemistry: a study Plan 7

     1. 3     Learning Chemistry: A Study Plan     
    LEarninG GoaL       Develop a study plan for learning chemistry.  

 Here you are taking chemistry, perhaps for the first time. Whatever your reasons for choos-
ing to study chemistry, you can look forward to learning many new and exciting ideas. 

   Features in This Text Help You Study Chemistry  
 This text has been designed with study features to complement your individual learning style. 
On the inside of the front cover is a periodic table of the elements. On the inside of the back 
cover are tables that summarize useful information needed throughout your study of chemistry. 
 Each chapter begins with Looking Ahead, which outlines the topics in the chapter.  Key Terms 
are bolded when they first appear in the text, and are summarized at the end of each chapter. 
They are also listed and defined in the comprehensive Glossary and Index, which appears at the 
end of the text. Key Math Skills and Core Chemistry Skills that are critical to learning chemistry 
are indicated by icons in the margin , and summarized at the end of each chapter.  In the Chapter 
Readiness list at the beginning of  every  chapter, the Key Math Skills and Core Chemistry Skills 
 from previous chapters     related to  the current  chapter concepts  are     highlighted for your review.       

 Before you begin reading, obtain an overview of a chapter by reviewing the topics in 
Looking Ahead. As you prepare to read a section of the chapter, look at the section title and 
turn it into a question. For example, for section  1. 1, “Chemistry and Chemicals,” you 
could ask, “What is chemistry?” or “What are chemicals?” When you come to a Sample 
Problem, take the time to work it through and compare your solution to the one provided. 
As you read the text, you will see Engage features in the margin, which remind you to 
pause your reading and interact with a question related to the material.      

 The Try It First feature above the Solution of each Sample Problem is a reminder 
for you to work out the problem before you look at the Solution. Many  Sample Problem s 
are accompanied by a  Guide to Problem Solving , which gives the steps needed to work 
the problem. The  Analyze the Problem  feature in some Sample Problems includes 
 Given , the information we have;  Need , what we are going to accomplish; and  Connect , 
how we proceed from Given to Need. When you compare your answer with the Solution 
provided, you know what you need to correct or change. This process of trying the prob-
lem first will help you develop successful problem solving techniques. Then work the 
associated  Study Check. The answers to all the Study Checks are included and you can 
compare your answer to the one provided.  

 At the end of  each  chapter section, you will find a set of Questions and Problems that 
allows you to apply problem solving immediately to the new concepts. The problems are 
paired, which means that each of the odd-numbered problems is matched to the following 
even-numbered problem. At the end of  each  chapter, the answers to all the odd-numbered 
problems are provided. If the answers match yours, you most likely understand the topic; 
if not, you need to study the section again. 

 Throughout  each  chapter, boxes titled “Chemistry Link to Health” and “Chemistry 
Link to the Environment” help you connect the chemical concepts you are learning to 
real-life situations. Many of the figures and diagrams use macro-to-micro illustrations 
to depict the atomic level of organization of ordinary objects, such as the atoms in alu-
minum foil. These visual models  illustrate the concepts described in the text and allow 
you to “see” the world in a microscopic way. 

 At the end of  each  chapter, you will find several study aids that complete the chapter. 
 Chapter Review   s   provide a summary in easy-to-read bullet points and  Concept Maps  visu-
ally show the connections between important topics. The  Key Terms , which are in boldface 
type within the chapter, are listed with their definitions.  Understanding the Concepts , a set 
of questions that use art and models, helps you visualize concepts.  Additional Questions 
and Problems  and  Challenge Problems  provide additional exercises to test your under-
standing of the topics in the chapter.  Applications  are groups of problems that apply sec-
tion content to current topics. Answers to all of the odd-numbered problems complete the 
chapter and you can compare your answers to the ones provided. 

  After some chapters    , problem sets called  Combining Ideas  test your ability to solve 
problems  containing material from more than one chapter .  
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    Follow Up 
 ForEnSiC EviDEnCE SoLvES thE mUrDEr   
 Using a variety of laboratory tests, Sarah finds ethylene glycol 
in the victim’s blood. The quantitative tests indicate that the 
victim had ingested 125 g of ethylene glycol. Sarah deter-
mines that the liquid in a glass found at the crime scene was 
ethylene glycol that had been added to an alcoholic bever-
age. Ethylene glycol is a clear, sweet-tasting, thick liquid that is 
odorless and mixes with water. It is easy to obtain since it is 
used as antifreeze in automobiles and in brake fluid. Because 
the initial symptoms of ethylene glycol poisoning are similar to 
being intoxicated, the victim is often unaware of its presence. 

 If ingestion of ethylene glycol occurs, it can cause depres-
sion of the central nervous system, cardiovascular damage, and 
kidney failure. If discovered quickly, hemodialysis may be used 
to remove ethylene glycol from the blood. A toxic amount of 
ethylene glycol is 1.5 g of ethylene glycol / kg of body mass. 
Thus, 75 g could be fatal for a 50-kg (110 lb) person. 

 Mark determines that fingerprints on the glass containing 
the ethylene glycol were those of the victim’s husband. This 
evidence along with the container of antifreeze found in the 

home led to the arrest and conviction of the husband for poi-
soning his wife. 

   applications  

      1. 33  A container was found in the home of the victim that contained 
120 g of ethylene glycol in 450 g of liquid. What was the per-
centage of ethylene glycol? Express your answer to the ones 
place.   

     1. 34  If the toxic quantity is 1.5 g of ethylene glycol per 1000 g of 
body mass, what percentage of ethylene glycol is fatal?    
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Designed to prepare students for science-related careers, Basic Chemistry organizes chemical concepts and 
problem solving into clear, manageable pieces, ensuring students follow along and stay motivated through-
out their first chemistry course. Timberlake’s friendly writing style, student focus, challenging problems, 
and  engaging applications continue to help students make connections between chemistry and their future 
 careers as they develop problem-solving skills they’ll need beyond the classroom.
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    a CaLL CamE in to 911  
from a man who found his wife lying 
on the floor of their home. When 
the police arrived, they determined 
that the woman was dead. The 
husband said he had worked late, 
and just arrived home. The victim’s 
body was lying on the floor of the 
living room. There was no blood 
at the scene, but the police did 
find a glass on the side table that 
contained a small amount of liquid. 
In an adjacent laundry room/garage, 
the police found a half-empty bottle 
of antifreeze. The bottle, glass, and 
liquid were bagged and sent to the 
forensic laboratory. 

 In another 911 call, a man was 
found lying on the grass outside his 
home. Blood was present on his body, 
and some bullet casings were found 
on the grass. Inside the victim’s home, 
a weapon was recovered. The bullet 
casings and the weapon were bagged 
and sent to the forensic laboratory. 

 Sarah and Mark, forensic 
scientists, use scientific procedures 
and chemical tests to examine the 
evidence from law enforcement 
agencies. Sarah proceeds to analyze 
blood, stomach contents, and the 
unknown liquid from the first victim’s 
home. She will look for the presence 
of drugs, poisons, and alcohol. Her 

lab partner Mark will analyze the 
fingerprints on the glass. He will also 
match the characteristics of the bullet 
casings to the weapon that was found 
at the second crime scene. 

      1  chemistry in Our 
lives   

 1

    CarEEr 
Forensic Scientist  
 Most forensic scientists work in crime laboratories that are part of city or 
county legal systems where they analyze bodily fluids and tissue samples 
collected by crime scene investigators. In analyzing these samples, 
forensic scientists identify the presence or absence of specific chemicals 
within the body to help solve the criminal case. Some of the chemicals 
they look for include alcohol, illegal or prescription drugs, poisons, 
arson debris, metals, and various gases such as carbon monoxide. In 
order to identify these substances, a variety of chemical instruments and 
highly specific methodologies are used. Forensic scientists also analyze 
samples from criminal suspects, athletes, and potential employees. They 
also work on cases involving environmental contamination and animal 
samples for wildlife crimes. Forensic scientists usually have a bachelor’s 
degree that includes courses in math, chemistry, and biology. 

     Evidence from a crime scene is 
sent to the forensic laboratory.   

 1

Follow ups and Applications
Chapter Openers throughout the text connect chemistry to real 
life. Each chapter begins with an image and details of a profession 
such as engineering, medicine, environmental science or agricul-
ture science, or exercise physiology. Follow ups at the end of 
chapter discuss the chemistry in the Chapter Opener and include 
Applications. These questions show students how the chemistry 
they are learning applies specifically to their professional careers.

Focusing on New Problem-solving 
Strategies
This new edition introduces more problem-solving strategies, more 
problem-solving guides, new Analyze the Problem with Connect 
features, new Try It First and Engage features, conceptual and chal-
lenge problems, and new sets of combined problems.

•   NEW! Connect feature has been added to the Analyze the 
Problem boxes, which specifies the information that relates 
the Given and Need sections.

•   NEW! Try It First now precedes the Solution section of each 
Sample Problem to encourage the student to work on the 
problem before reading the given Solution.

•   NEW! Engage feature asks students to think about the par-
agraph they are reading and to test their understanding by 
answering the Engage question in the margin, which is related 
to the topic.
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ANALYZE THE 
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Given Need Connect

standard number scientific notation coefficient is at least 1 
 but less than 10

a.    3500 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number greater than 1, the decimal point is moved to the left three 
places to give a coefficient of 3.5.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
 decimal point three places to the left gives a power of 3, written as  103.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 3.5 * 103     

b.   0.000 016 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number less than 1, the decimal point is moved to the right five places to 
give a coefficient of 1.6.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
d ecimal point five places to the right gives a power of negative 5, written as  10-5.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 1.6 * 10-5              

    StUDy ChECk  1. 7   

 Write each of the following in scientific notation: 

a.    425 000  b.   0.000 000 86    

   anSWEr  

a.     4.25 * 105   b.    8.6 * 10-7      
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     1. 3     Learning Chemistry: A Study Plan     
    LEarninG GoaL       Develop a study plan for learning chemistry.  

 Here you are taking chemistry, perhaps for the first time. Whatever your reasons for choos-
ing to study chemistry, you can look forward to learning many new and exciting ideas. 

   Features in This Text Help You Study Chemistry  
 This text has been designed with study features to complement your individual learning style. 
On the inside of the front cover is a periodic table of the elements. On the inside of the back 
cover are tables that summarize useful information needed throughout your study of chemistry. 
 Each chapter begins with Looking Ahead, which outlines the topics in the chapter.  Key Terms 
are bolded when they first appear in the text, and are summarized at the end of each chapter. 
They are also listed and defined in the comprehensive Glossary and Index, which appears at the 
end of the text. Key Math Skills and Core Chemistry Skills that are critical to learning chemistry 
are indicated by icons in the margin , and summarized at the end of each chapter.  In the Chapter 
Readiness list at the beginning of  every  chapter, the Key Math Skills and Core Chemistry Skills 
 from previous chapters     related to  the current  chapter concepts  are     highlighted for your review.       

 Before you begin reading, obtain an overview of a chapter by reviewing the topics in 
Looking Ahead. As you prepare to read a section of the chapter, look at the section title and 
turn it into a question. For example, for section  1. 1, “Chemistry and Chemicals,” you 
could ask, “What is chemistry?” or “What are chemicals?” When you come to a Sample 
Problem, take the time to work it through and compare your solution to the one provided. 
As you read the text, you will see Engage features in the margin, which remind you to 
pause your reading and interact with a question related to the material.      

 The Try It First feature above the Solution of each Sample Problem is a reminder 
for you to work out the problem before you look at the Solution. Many  Sample Problem s 
are accompanied by a  Guide to Problem Solving , which gives the steps needed to work 
the problem. The  Analyze the Problem  feature in some Sample Problems includes 
 Given , the information we have;  Need , what we are going to accomplish; and  Connect , 
how we proceed from Given to Need. When you compare your answer with the Solution 
provided, you know what you need to correct or change. This process of trying the prob-
lem first will help you develop successful problem solving techniques. Then work the 
associated  Study Check. The answers to all the Study Checks are included and you can 
compare your answer to the one provided.  

 At the end of  each  chapter section, you will find a set of Questions and Problems that 
allows you to apply problem solving immediately to the new concepts. The problems are 
paired, which means that each of the odd-numbered problems is matched to the following 
even-numbered problem. At the end of  each  chapter, the answers to all the odd-numbered 
problems are provided. If the answers match yours, you most likely understand the topic; 
if not, you need to study the section again. 

 Throughout  each  chapter, boxes titled “Chemistry Link to Health” and “Chemistry 
Link to the Environment” help you connect the chemical concepts you are learning to 
real-life situations. Many of the figures and diagrams use macro-to-micro illustrations 
to depict the atomic level of organization of ordinary objects, such as the atoms in alu-
minum foil. These visual models  illustrate the concepts described in the text and allow 
you to “see” the world in a microscopic way. 

 At the end of  each  chapter, you will find several study aids that complete the chapter. 
 Chapter Review   s   provide a summary in easy-to-read bullet points and  Concept Maps  visu-
ally show the connections between important topics. The  Key Terms , which are in boldface 
type within the chapter, are listed with their definitions.  Understanding the Concepts , a set 
of questions that use art and models, helps you visualize concepts.  Additional Questions 
and Problems  and  Challenge Problems  provide additional exercises to test your under-
standing of the topics in the chapter.  Applications  are groups of problems that apply sec-
tion content to current topics. Answers to all of the odd-numbered problems complete the 
chapter and you can compare your answers to the ones provided. 

  After some chapters    , problem sets called  Combining Ideas  test your ability to solve 
problems  containing material from more than one chapter .  
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    Follow Up 
 ForEnSiC EviDEnCE SoLvES thE mUrDEr   
 Using a variety of laboratory tests, Sarah finds ethylene glycol 
in the victim’s blood. The quantitative tests indicate that the 
victim had ingested 125 g of ethylene glycol. Sarah deter-
mines that the liquid in a glass found at the crime scene was 
ethylene glycol that had been added to an alcoholic bever-
age. Ethylene glycol is a clear, sweet-tasting, thick liquid that is 
odorless and mixes with water. It is easy to obtain since it is 
used as antifreeze in automobiles and in brake fluid. Because 
the initial symptoms of ethylene glycol poisoning are similar to 
being intoxicated, the victim is often unaware of its presence. 

 If ingestion of ethylene glycol occurs, it can cause depres-
sion of the central nervous system, cardiovascular damage, and 
kidney failure. If discovered quickly, hemodialysis may be used 
to remove ethylene glycol from the blood. A toxic amount of 
ethylene glycol is 1.5 g of ethylene glycol / kg of body mass. 
Thus, 75 g could be fatal for a 50-kg (110 lb) person. 

 Mark determines that fingerprints on the glass containing 
the ethylene glycol were those of the victim’s husband. This 
evidence along with the container of antifreeze found in the 

home led to the arrest and conviction of the husband for poi-
soning his wife. 

   applications  

      1. 33  A container was found in the home of the victim that contained 
120 g of ethylene glycol in 450 g of liquid. What was the per-
centage of ethylene glycol? Express your answer to the ones 
place.   

     1. 34  If the toxic quantity is 1.5 g of ethylene glycol per 1000 g of 
body mass, what percentage of ethylene glycol is fatal?    

        

      ConCEPt maP       

Substances

CHEMISTRY IN OUR LIVES

deals with uses the is learned by uses key math skills

Hypothesis

Experiments

Conclusion /Theory

Reading the Text

Practicing
Problem Solving

Working with
a Group

Self-Testing

Engaging

Trying It First

that lead to

Chemicals

called

Scientific Method

Observations

starting with

Identifying
Place Values

Using Positive and
Negative Numbers

Calculating
Percentages

Solving Equations

Interpreting
Graphs

Converting 
between Standard

Numbers and
Scientific Notation

Designed to prepare students for science-related careers, Basic Chemistry organizes chemical concepts and 
problem solving into clear, manageable pieces, ensuring students follow along and stay motivated through-
out their first chemistry course. Timberlake’s friendly writing style, student focus, challenging problems, 
and  engaging applications continue to help students make connections between chemistry and their future 
 careers as they develop problem-solving skills they’ll need beyond the classroom.
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    a CaLL CamE in to 911  
from a man who found his wife lying 
on the floor of their home. When 
the police arrived, they determined 
that the woman was dead. The 
husband said he had worked late, 
and just arrived home. The victim’s 
body was lying on the floor of the 
living room. There was no blood 
at the scene, but the police did 
find a glass on the side table that 
contained a small amount of liquid. 
In an adjacent laundry room/garage, 
the police found a half-empty bottle 
of antifreeze. The bottle, glass, and 
liquid were bagged and sent to the 
forensic laboratory. 

 In another 911 call, a man was 
found lying on the grass outside his 
home. Blood was present on his body, 
and some bullet casings were found 
on the grass. Inside the victim’s home, 
a weapon was recovered. The bullet 
casings and the weapon were bagged 
and sent to the forensic laboratory. 

 Sarah and Mark, forensic 
scientists, use scientific procedures 
and chemical tests to examine the 
evidence from law enforcement 
agencies. Sarah proceeds to analyze 
blood, stomach contents, and the 
unknown liquid from the first victim’s 
home. She will look for the presence 
of drugs, poisons, and alcohol. Her 

lab partner Mark will analyze the 
fingerprints on the glass. He will also 
match the characteristics of the bullet 
casings to the weapon that was found 
at the second crime scene. 

      1  chemistry in Our 
lives   
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    CarEEr 
Forensic Scientist  
 Most forensic scientists work in crime laboratories that are part of city or 
county legal systems where they analyze bodily fluids and tissue samples 
collected by crime scene investigators. In analyzing these samples, 
forensic scientists identify the presence or absence of specific chemicals 
within the body to help solve the criminal case. Some of the chemicals 
they look for include alcohol, illegal or prescription drugs, poisons, 
arson debris, metals, and various gases such as carbon monoxide. In 
order to identify these substances, a variety of chemical instruments and 
highly specific methodologies are used. Forensic scientists also analyze 
samples from criminal suspects, athletes, and potential employees. They 
also work on cases involving environmental contamination and animal 
samples for wildlife crimes. Forensic scientists usually have a bachelor’s 
degree that includes courses in math, chemistry, and biology. 

     Evidence from a crime scene is 
sent to the forensic laboratory.   

 1

Follow ups and Applications
Chapter Openers throughout the text connect chemistry to real 
life. Each chapter begins with an image and details of a profession 
such as engineering, medicine, environmental science or agricul-
ture science, or exercise physiology. Follow ups at the end of 
chapter discuss the chemistry in the Chapter Opener and include 
Applications. These questions show students how the chemistry 
they are learning applies specifically to their professional careers.

Focusing on New Problem-solving 
Strategies
This new edition introduces more problem-solving strategies, more 
problem-solving guides, new Analyze the Problem with Connect 
features, new Try It First and Engage features, conceptual and chal-
lenge problems, and new sets of combined problems.

•   NEW! Connect feature has been added to the Analyze the 
Problem boxes, which specifies the information that relates 
the Given and Need sections.

•   NEW! Try It First now precedes the Solution section of each 
Sample Problem to encourage the student to work on the 
problem before reading the given Solution.

•   NEW! Engage feature asks students to think about the par-
agraph they are reading and to test their understanding by 
answering the Engage question in the margin, which is related 
to the topic.
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 Calculator Display  Expressed in Scientific Notation 

	

or or

or or
							

				7.52 * 104				

				 5.8 * 10-2				

 On many scientific calculators, a number is converted into scientific notation using 
the appropriate keys. For example, the number 0.000 52 is entered, followed by pressing 
the 2 nd  or 3 rd  function key and the SCI key. The scientific notation appears in the calculator 
display as a coefficient and the power of 10. 

  

0.000 52 5.2 10-4*
Calculator display

2nd or 3rd function key SCI oror ==
    

    SamPLE ProBLEm  1. 7     Scientific notation   

 Write each of the following in scientific notation: 

a.    3500  b.   0.000 016     

    
try it FirSt

    
   SoLUtion  

ANALYZE THE 
PROBLEM

Given Need Connect

standard number scientific notation coefficient is at least 1 
 but less than 10

a.    3500 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number greater than 1, the decimal point is moved to the left three 
places to give a coefficient of 3.5.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
 decimal point three places to the left gives a power of 3, written as  103.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 3.5 * 103     

b.   0.000 016 

   STEP 1  move the decimal point to obtain a coefficient that is at least 1 but less 
than 10. For a number less than 1, the decimal point is moved to the right five places to 
give a coefficient of 1.6.  

  STEP 2  express the number of places moved as a power of 10. Moving the 
d ecimal point five places to the right gives a power of negative 5, written as  10-5.   

  STEP 3  Write the product of the coefficient multiplied by the power of 10. 
 1.6 * 10-5              

    StUDy ChECk  1. 7   

 Write each of the following in scientific notation: 

a.    425 000  b.   0.000 000 86    

   anSWEr  

a.     4.25 * 105   b.    8.6 * 10-7      
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Guide to Writing a Number
in Scientific Notation

Move the decimal point
to obtain a coefficient
that is at least 1 but less
than 10.

Express the number of
places moved as a power
of 10.

Write the product of the
coefficient multiplied by
the power of 10.
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     1. 3     Learning Chemistry: A Study Plan     
    LEarninG GoaL       Develop a study plan for learning chemistry.  

 Here you are taking chemistry, perhaps for the first time. Whatever your reasons for choos-
ing to study chemistry, you can look forward to learning many new and exciting ideas. 

   Features in This Text Help You Study Chemistry  
 This text has been designed with study features to complement your individual learning style. 
On the inside of the front cover is a periodic table of the elements. On the inside of the back 
cover are tables that summarize useful information needed throughout your study of chemistry. 
 Each chapter begins with Looking Ahead, which outlines the topics in the chapter.  Key Terms 
are bolded when they first appear in the text, and are summarized at the end of each chapter. 
They are also listed and defined in the comprehensive Glossary and Index, which appears at the 
end of the text. Key Math Skills and Core Chemistry Skills that are critical to learning chemistry 
are indicated by icons in the margin , and summarized at the end of each chapter.  In the Chapter 
Readiness list at the beginning of  every  chapter, the Key Math Skills and Core Chemistry Skills 
 from previous chapters     related to  the current  chapter concepts  are     highlighted for your review.       

 Before you begin reading, obtain an overview of a chapter by reviewing the topics in 
Looking Ahead. As you prepare to read a section of the chapter, look at the section title and 
turn it into a question. For example, for section  1. 1, “Chemistry and Chemicals,” you 
could ask, “What is chemistry?” or “What are chemicals?” When you come to a Sample 
Problem, take the time to work it through and compare your solution to the one provided. 
As you read the text, you will see Engage features in the margin, which remind you to 
pause your reading and interact with a question related to the material.      

 The Try It First feature above the Solution of each Sample Problem is a reminder 
for you to work out the problem before you look at the Solution. Many  Sample Problem s 
are accompanied by a  Guide to Problem Solving , which gives the steps needed to work 
the problem. The  Analyze the Problem  feature in some Sample Problems includes 
 Given , the information we have;  Need , what we are going to accomplish; and  Connect , 
how we proceed from Given to Need. When you compare your answer with the Solution 
provided, you know what you need to correct or change. This process of trying the prob-
lem first will help you develop successful problem solving techniques. Then work the 
associated  Study Check. The answers to all the Study Checks are included and you can 
compare your answer to the one provided.  

 At the end of  each  chapter section, you will find a set of Questions and Problems that 
allows you to apply problem solving immediately to the new concepts. The problems are 
paired, which means that each of the odd-numbered problems is matched to the following 
even-numbered problem. At the end of  each  chapter, the answers to all the odd-numbered 
problems are provided. If the answers match yours, you most likely understand the topic; 
if not, you need to study the section again. 

 Throughout  each  chapter, boxes titled “Chemistry Link to Health” and “Chemistry 
Link to the Environment” help you connect the chemical concepts you are learning to 
real-life situations. Many of the figures and diagrams use macro-to-micro illustrations 
to depict the atomic level of organization of ordinary objects, such as the atoms in alu-
minum foil. These visual models  illustrate the concepts described in the text and allow 
you to “see” the world in a microscopic way. 

 At the end of  each  chapter, you will find several study aids that complete the chapter. 
 Chapter Review   s   provide a summary in easy-to-read bullet points and  Concept Maps  visu-
ally show the connections between important topics. The  Key Terms , which are in boldface 
type within the chapter, are listed with their definitions.  Understanding the Concepts , a set 
of questions that use art and models, helps you visualize concepts.  Additional Questions 
and Problems  and  Challenge Problems  provide additional exercises to test your under-
standing of the topics in the chapter.  Applications  are groups of problems that apply sec-
tion content to current topics. Answers to all of the odd-numbered problems complete the 
chapter and you can compare your answers to the ones provided. 

  After some chapters    , problem sets called  Combining Ideas  test your ability to solve 
problems  containing material from more than one chapter .  
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Visualize the Molecular World

Nivaldo Tro’s approach introduces students to 21st-century 
skills, encouraging them to think critically when they encounter 
complex information and real-world problems. NEW! (1) Data 
Interpretation and Analysis Questions at the end of each 
chapter allow students to work with real data to develop 21st-
century problem-solving skills. NEW! (2) Key Concept Videos 
combine artwork from the textbook with 2D and 3D animations to 
create a dynamic on-screen viewing experience and help students 
understand and apply important concepts throughout the text. Key 
Concept Videos are embedded in eText 2.0 and are assignable in 
MasteringChemistry™.

Nivaldo Tro’s unique problem-solving technique, 
(1)“Sort, Strategize, Solve, and Check,” teaches 
students how to successfully approach, set up, 
and solve the problems they encounter in their 
introductory chemistry course. (2) Solution maps 
visually walk students through problems and help 
them learn how to organize and use given information 
to successfully solve problems.

Help students develop  
21st-century skills

A Consistent Problem-Solving Strategy

Drawing from Professor Tro’s experience in the classroom with his own students, Introductory 
Chemistry, Fifth Edition brings chemistry out of the laboratory and into the world—helping you learn 
chemistry by showing you how it manifests in your daily lives. Clear, specific examples are woven 
throughout to tell the story of chemistry. The Fifth Edition is also available with MasteringChemistry®, the 
premier online homework and assessment tool.

A CONSISTENT STRATEGy FOR SOLvING PROBLEMS helps you develop the skills you need to succeed 
in your chemistry course. Tro’s unique two- and three-column examples help guide students through 
problems step-by-step using Sort, Strategize, Solve, and Check.

EXAMPLE 2.13
  SOLVING MULTISTEP CONVERSION PROBLEMS INVOLVING UNITS RAISED  

TO A POWER

The average annual per person crude oil consumption in the United States is 15,615 dm3. What is this value  
in cubic inches?

SORT

You are given a volume in cubic decimeters and asked to 
convert it to cubic inches.

GIVEN:     15,615 dm3

FIND:     in.3

STRATEGIZE

Build a solution map beginning with dm3 and ending 
with in.3 You must cube each of the conversion factors, 
because the quantities involve cubic units.

SOLUTION MAP

(1 in.)3

(2.54 cm)3
(1 cm)3

(0.01 m)3
(0.1 m)3

(1 dm)3

in.3dm3 m3 cm3

RELATIONSHIPS USED

=
=
=

SOLVE

Follow the solution map to solve the problem. Begin 
with the given value in dm3 and multiply by the string 
of conversion factors to arrive at in.3 Be sure to cube each 
conversion factor as you carry out the calculation.

quantity (15,615 dm3). The conversion factors are all ex-

SOLUTION

15,615 dm3 *
10.1 m23

11 dm23 *
11 cm23

10.01 m23 *
11 in.23

12.54 cm23

= 9.5289 * 105 in.3

CHECK

Check your answer. Are the units correct? Does the an-
swer make physical sense?

The units of the answer are correct, and the magnitude 
makes sense. A cubic inch is smaller than a cubic decime-
ter, so the value in cubic inches should be larger than the 
value in cubic decimeters.

▶SKILLBUILDER 2.13  |  Solving Multistep Problems Involving Units Raised to a Power 

How many cubic inches are there in 3.25 yd3?

▶FOR MORE PRACTICE     Problems 93, 94.

WRITING FORMULAS FOR IONIC 
COMPOUNDS

1.  Write the symbol for the metal 
and its charge followed by the 
symbol of the nonmetal and its 
charge. For many elements, you 
can determine these charges from 
their group number in the periodic 
table (refer to Figure 4.14).

2.  Use the magnitude of the charge 
on each ion (without the sign) as 
the subscript for the other ion.

3.  If possible, reduce the subscripts 
to give a ratio with the smallest 
whole numbers.

4.  Check to make sure that the 
sum of the charges of the cations 
 exactly cancels the sum of the 
charges of the anions.

EXAMPLE 5.5  

Write a formula for the ionic com-
pound that forms from aluminum 
and oxygen.

SOLUTION

Al3+ O2-

Al3+

Al2O3

O2−

In this case, you cannot reduce the 
numbers any further; the correct 
formula is Al2O3.

 Cations: 2(3+  ) = 6 +
Anions: 3(2-  ) = 6 -

The charges cancel.

▶SKILLBUILDER 5.5  | Write a for-
mula for the compound that forms 
from strontium and chlorine.

EXAMPLE 5.6 

Write a formula for the ionic com-
pound that forms from magnesium 
and oxygen.

SOLUTION

Mg2+ O2-

Mg2+

Mg2O2

O2−

To reduce the subscripts, divide both 
subscripts by 2.

Mg2O2 , 2 = MgO

 Cations: 2+
 Anions: 2 -

The charges cancel.

▶SKILLBUILDER 5.6  | Write a for-
mula for the compound that forms 
from aluminum and nitrogen.

▶FOR MORE PRACTICE    Problems 
53, 54, 57.

Two-Column Examples
All but the simplest examples 
are presented in a unique two-
column format.

•  The left column explains the 
purpose of each step, while 
the right column shows how 
the step is executed.

•  This format will help you 
think about the reason for 
each step in the solution and 
fit the steps together.

Solution Maps
Many of the examples use a unique 
visual approach in the Strategize Step, 
where you’ll be shown how to draw a 
solution map for a problem. 

Three-Column Examples
Procedures for solving certain 
problems are presented in a 
unique three-column format.
•  The first column outlines the 

problem-solving procedure 
and explains the reasoning 
that underlies each step.

•  The second and third columns 
show two similar but slightly 
different examples to solve 
this class of problem.

•  Seeing the method applied to 
solve two related problems 
helps you understand the 
general procedure in a way 
that no single example could 
convey.

Skillbuilder Exercises
Every worked example is 
followed by at least one similar 
(but unworked) Skillbuilder 
exercise.

For More Practice
These follow every worked 
example, linking you to in-
chapter examples and end-
of-chapter problems that give 
you a chance to practice the 
skills explained in each worked 
example.
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A Consistent Problem-Solving Strategy

Drawing from Professor Tro’s experience in the classroom with his own students, Introductory 
Chemistry, Fifth Edition brings chemistry out of the laboratory and into the world—helping you learn 
chemistry by showing you how it manifests in your daily lives. Clear, specific examples are woven 
throughout to tell the story of chemistry. The Fifth Edition is also available with MasteringChemistry®, the 
premier online homework and assessment tool.

A CONSISTENT STRATEGy FOR SOLvING PROBLEMS helps you develop the skills you need to succeed 
in your chemistry course. Tro’s unique two- and three-column examples help guide students through 
problems step-by-step using Sort, Strategize, Solve, and Check.
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