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Preface

Welcome to the fifth edition of Basic Chemistry. This chemis-
try text was written and designed to prepare you for science- 
related professions, such as engineering, nursing, medicine, 
environmental or agricultural science, or for careers such as 
laboratory technology. This text assumes no prior knowledge 
of chemistry. Our main objective in writing this text is to make 
the study of chemistry an engaging and a positive experience 
for you by relating the structure and behavior of matter to real 
life. This new edition introduces more problem-solving strate-
gies, more problem-solving guides, new Analyze the Problem 
with Connect features, new Try It First and Engage features, 
conceptual and challenge problems, and new sets of combined 
problems.

It is our goal to help you become a critical thinker by 
understanding scientific concepts that will form a basis for 
making important decisions about issues concerning health and 
the environment. Thus, we have utilized materials that

•	 help you to learn and enjoy chemistry
•	 relate chemistry to careers that interest you
•	 develop problem-solving skills that lead to your success 

in chemistry
•	 promote learning and success in chemistry

New for the Fifth Edition
New and updated features have been added throughout this 
fifth edition, including the following:

•	 NEW AND UPDATED! Chapter Openers provide 
timely examples and engaging, topical issues of the 
chemistry that is part of contemporary professions.

•	 NEW! A Follow Up story continues with material and 
questions related to the chapter opener.

•	 NEW! Engage feature asks students to think about the 
paragraph they are reading and to test their understand-
ing by answering the Engage question in the margin, 
which is related to the topic.

•	 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! Connect feature added to Analyze the Problem 
boxes indicates the relationships between Given and 
Need.

•	 NEW! Applications are added to Questions and Prob-
lems sets that show the relevance between the chemistry 
content and the chapter opener story.

•	 NEW! A new topic with questions and problems on 
Hess’s Law, was added to Chapter 9.

•	 NEW! Interactive Videos give students the experience of 
step-by-step problem solving for problems from the text.

•	 UPDATED! Chapter Readiness sections at the begin-
ning of each chapter list the Key Math Skills and Core 
Chemistry Skills from the previous chapters, which pro-
vide the foundation for learning new chemistry princi-
ples in the current chapter.

•	 UPDATED! Key Math Skills review basic math rele-
vant to the chemistry the students are learning throughout  
the text. A Key Math Skill Review at the end of each 
chapter summarizes and gives additional examples.

•	 UPDATED! Core Chemistry Skills identify the key 
chemical principles in each chapter that are required 
for successfully learning chemistry. A Core Chemistry 
Skill Review at the end of each chapter helps reinforce 
the material and gives additional examples.

•	 UPDATED! Analyze the Problem features included in 
the Solutions of the Sample Problems strengthen criti-
cal-thinking skills and illustrate the breakdown of a word 
problem into the components required to solve it.

•	 UPDATED! Questions and Problems, Sample Prob-
lems, and art demonstrate the connection between the 
chemistry being discussed and how these skills will be 
needed in professional experience.

•	 UPDATED! Combining Ideas features offer sets of 
integrated problems that test students’ understanding by 
integrating topics from two or more previous chapters.

Chapter Organization of the  
Fifth Edition
In each textbook we write, we consider it essential to relate 
every chemical concept to real-life issues. Because a chemis-
try course may be taught in different time frames, it may be 
difficult to cover all the chapters in this text. However, each 
chapter is a complete package, which allows some chapters to 
be skipped or the order of presentation to be changed.

Chapter 1, Chemistry in Our Lives, discusses the Scien-
tific Method in everyday terms, guides students in developing 
a study plan for learning chemistry, with a section of Key Math 
Skills that reviews the basic math, including scientific notation 
needed in chemistry calculations.

•	 The Chapter Opener and Follow Up feature the work and 
career of a forensic scientist.

•	 “Scientific Method: Thinking Like a Scientist” discusses 
the scientific method in everyday terms.
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•	 A new Sample Problem requires the interpretation of a 
graph to determine the decrease in a child’s temperature 
when given Tylenol.

•	 Key Math Skills are: Identifying Place Values, Using 
Positive and Negative Numbers in Calculations includ-
ing a new feature Calculator Operations, Calculating Per-
centages, Solving Equations, Interpreting Graphs, and 
Converting between Standard Numbers and Scientific 
Notation.

Chapter 2, Chemistry and Measurements, looks at 
measurement and emphasizes the need to understand numer-
ical relation ships of the metric system. Significant figures are 
discussed in the determination of final answers. Prefixes from 
the metric system are used to write  equalities and conversion 
factors for problem- solving strategies. Density is discussed and 
used as a conversion factor.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a registered nurse.

•	 New	photos,	including	an	endoscope,	a	urine	dipstick,	a	
pint of blood, Keflex capsules, and salmon for omega-3 
fatty acids, are added to improve visual introduction to 
clinical applications of chemistry.

•	 Updated	Sample	Problems	relate	questions	and	problem	
solving to health-related topics such as the measurements 
of blood volume, omega-3 fatty acids, radiological imag-
ing, and medication orders.

•	 New	Applications	feature	questions	about	measurements	
of daily values for minerals and vitamins, equalities and 
conversion factors for medications.

•	 A	new	Key	Math	Skill,	Rounding	Off,	has	been	added.
•	 Core	Chemistry	Skills	are:	Counting	Significant	Figures,	

Using Significant Figures in Calculations, Using Pre-
fixes, Writing Conversion Factors from Equalities, Using 
Conversion Factors, and Using Density as a Conversion 
Factor.

Chapter 3, Matter and Energy, classifies matter and states 
of matter, describes temperature measurement, and discusses 
energy, specific heat, and energy in nutrition. Physical and chem-
ical changes and physical and chemical properties are discussed.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a dietitian.

•	 New	Questions	and	Problems	and	Sample	Problems	
include high temperatures used in cancer treatment, the 
energy produced by a high-energy shock output of a defi-
brillator, body temperature lowering using a cooling cap, 
and ice bag therapy for muscle injury.

•	 Core	Chemistry	Skills	are:	Classifying	Matter,	Identify-
ing Physical and Chemical Changes, Converting between 

Temperature Scales, Using Energy Units, Calculating 
Specific Heat, and Using the Heat Equation.

•	 The	interchapter	problem	set,	Combining	Ideas	from	
Chapters 1 to 3, completes the chapter.

Chapter 4, Atoms and Elements, introduces elements and 
atoms and the periodic table element. The names and symbols of 
element 114, Flerovium, Fl, and element 116, Livermorium, Lv, 
are part of the periodic table. Atomic numbers and mass number 
are determined for isotopes. Atomic mass is calculated using the 
masses of the naturally occurring isotopes and their abundances.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career	of	a	farmer.

•	 Atomic	number	and	mass	number	are	used	to	calculate	
the	number	of	protons	and	neutrons	in	an	atom.

•	 The	number	of	protons	and	neutrons	are	used	to	calculate	
the mass number and to write the atomic symbol for an 
isotope.

•	 A	weighted	average	analogy	uses	8-lb	and	14-lb	bowl-
ing balls and the percent abundance of each to calculate 
weighted average of a bowling ball.

•	 Core	Chemistry	Skills	are:	Counting	Protons	and	Neu-
trons, and Writing Atomic Symbols for Isotopes.

Chapter 5, Electronic Structure of Atoms and Periodic 
Trends, uses the electromagnetic spectrum to explain atomic 
spectra and develop the concept of energy levels and sublevels. 
Electrons in sublevels and orbitals are represented using orbital 
diagrams and electron configurations. Periodic properties of 
elements, including atomic radius and ionization energy, are 
related to their valence electrons. Small periodic tables illus-
trate the trends of periodic properties.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a materials engineer.

•	 The	diagram	for	the	electromagnetic	spectrum	has	been	
updated.

•	 The	three-dimensional	representations	of	the	s, p, and d 
orbitals are drawn.

•	 The	 trends	 in	periodic	properties	 are	described	 for	
valence electrons, atomic size, ionization energy,  and 
metallic character.

•	 Core	Chemistry	Skills	are:	Writing	Electron	Configura-
tions, Using the Periodic Table to Write Electron Config-
urations, Identifying Trends in Periodic Properties,  and 
Drawing Lewis Symbols.

Chapter 6, Ionic and Molecular Compounds, describes 
the formation of ionic and covalent bonds. Chemical formu-
las are written, and ionic compounds—including those with 
polyatomic ions—and molecular compounds are named.

16 Preface
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•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a pharmacist.

•	 Core	Chemistry	Skills	are:	Writing	Positive	and	Negative	
Ions, Writing Ionic Formulas, Naming Ionic Compounds, 
and Writing the Names and Formulas for Molecular 
Compounds.

Chapter 7, Chemical Quantities, discusses Avogadro’s 
number, the mole, and molar masses of compounds, which are 
used in calculations to determine the mass or number of particles 
in a quantity of a substance. The mass percent composition of a 
compound is calculated and used to determine its empirical and 
molecular formula.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a veterinarian.

•	 New	and	updated	Guides	to	Problem	Solving	are:	Con-
verting the Moles (or Particles) of a Substance to Par-
ticles (or Moles), Calculating Moles of a Compound or 
Element, Calculating the Grams of an Element (or Com-
pound) from the Grams of a Compound (or Element), 
and Calculating Mass Percent Composition from Molar 
Mass.

•	 Core	Chemistry	Skills	 are:	Converting	Particles	 to	
Moles, Calculating Molar Mass, Using Molar Mass as a 
Conversion Factor, Calculating Mass Percent Composi-
tion, Calculating an Empirical Formula, and Calculating 
a Molecular Formula.

•	 The	interchapter	problem	set,	Combining	Ideas	from	
Chapters 4 to 7, completes the chapter.

Chapter 8, Chemical Reactions introduces the method of 
balancing chemical equations, and discusses how to classify 
chemical reactions into types: combination, decomposition, sin-
gle replacement, double replacement, and combustion reactions.  
A new section, Oxidation–Reduction Reactions, has been added.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of an exercise physiologist.

•	 Core	Chemistry	Skills	are:	Balancing	a	Chemical	Equa-
tion, Classifying Types of Chemical Reactions, and Iden-
tifying Oxidized and Reduced Substances.

Chapter 9, Chemical Quantities in Reactions, describes 
the mole and mass relationships among the reactants and prod-
ucts and provides calculations of limiting reactants and percent 
yields. A first section was divided into two new sections with 
an emphasis on the Law of Conservation of Mass.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of an environmental scientist.

•	 Mole	and	mass	relationships	among	the	reactants	and	
products are examined along with calculations of percent 
yield and limiting reactants.

•	 A	new	subsection,	with	questions	and	problems	on	
Hess’s Law, was added.

•	 Core	Chemistry	Skills	are:	Using	Mole–Mole	Factors,	
Converting Grams to Grams, Calculating Quantity of 
Product from a Limiting Reactant, Calculating Percent 
Yield, and Using the Heat of Reaction.

Chapter 10, Properties of Solids and Liquids, intro-
duces Lewis structures for molecules and ions with single and 
multiple bonds as well as resonance structures. Electronegativ-
ity leads to a discussion of the polarity of bonds and molecules. 
Lewis structures and VSEPR theory illustrate covalent bonding 
and the three-dimensional shapes of molecules and ions. The 
intermolecular forces between particles and their impact on 
states of matter and changes of state are described. The energy 
involved with changes of state is calculated.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a histologist.

•	 Lewis	structures	are	drawn	for	molecules	and	ions	with	
single, double, and triple bonds. Resonance structures 
are drawn if two or more Lewis structures are possible.

•	 Shapes	and	polarity	of	bonds	and	molecules	are	predicted	
using VSEPR theory.

•	 Intermolecular	 forces	 in	 compounds	 are	 discussed	
including ionic bonds, hydrogen bonds, dipole–dipole 
attractions, and dispersion forces.

•	 Core	Chemistry	Skills	are	Drawing	Lewis	Structures,	
Drawing Resonance Structures, Predicting Shape, Using 
Electronegativity, Identifying Polarity of Molecules, 
Identifying Intermolecular Forces, and Calculating Heat 
for Change of State.

•	 The	interchapter	problem	set,	Combining	Ideas	from	
Chapters 8 to 10, completes the chapter.

Chapter 11, Gases, discusses the properties of gases and cal-
culates changes in gases using the gas laws: Boyle’s, Charles’s, 
Gay-Lussac’s, Avogadro’s,  Dalton’s, and the Ideal Gas Law. 
Problem-solving strategies enhance the discussion and calcu-
lations with gas laws including chemical reactions using the 
ideal gas law.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a respiratory therapist.

•	 Applications	includes	calculations	of	mass	or	pressure	of	
oxygen in uses of hyperbaric chambers.

•	 Core	Chemistry	Skills	are:	Using	the	Gas	Laws,	Using	
the Ideal Gas Law, Calculating Mass or Volume of a  
Gas in a Chemical Reaction, and Calculating Partial 
Pressure.

Chapter 12, Solutions, describes solutions, electrolytes, 
saturation and solubility, insoluble ionic compounds, concen-
trations, and osmosis. New problem-solving strategies clarify  
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the use of concentrations to determine volume or mass of sol-
ute. The volumes and concentrations of solutions are used in 
calculations of dilutions, reactions, and titrations. Properties 
of solutions, osmosis in the body, dialysis and changes in the 
freezing and boiling points of a solvent are discussed.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a dialysis nurse.

•	 Core	Chemistry	Skills	are:	Using	Solubility	Rules,	Cal-
culating Concentration, Using Concentration as a Con-
version Factor, Calculating the Quantity of a Reactant or 
Product for a Chemical Reaction in Solution, and Calcu-
lating the Freezing Point/Boiling Point of a Solution.

Chapter 13, Reaction Rates and Chemical Equilib-
rium, looks at the rates of reactions and the equilibrium con-
dition when forward and reverse rates for a reaction become 
equal. Equilibrium expressions for reactions are written and 
equilibrium constants are calculated. The equilibrium constant 
is used to calculate the concentration of a reactant or product 
at equilibrium. Le Châtelier’s principle is used to evaluate 
the impact on concentrations when stress is placed on a sys-
tem at equilibrium. The concentrations of solutes in a solu-
tion is used to calculate the solubility product constant (Ksp).

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a chemical oceanographer.

•	 New	problems	that	visually	represent	equilibrium	situa-
tions are added.

•	 Core	Chemistry	Skills	are:	Writing	the		Equilibrium	Expres-
sion, Calculating an Equilibrium Constant,  Calculating 
Equilibrium Concentrations, Using Le Châtelier’s Princi-
ple, Writing the Solubility Product Expression, Calculating 
a Solubility Product Constant, and Calculating the Molar 
Solubility.

Chapter 14, Acids and Bases, discusses acids and bases 
and their strengths, and conjugate acid–base pairs. The disso-
ciation of strong and weak acids and bases is related to their 
strengths as acids or bases. The dissociation of water leads to 
the water dissociation expression, Kw, the pH scale, and the cal-
culation of pH. Chemical equations for acids in reactions are bal-
anced and titration of an acid is illustrated. Buffers are discussed 
along with their role in the blood. The pH of a buffer is calculated.

•	 The	Chapter	Opener	and	Follow	Up	feature	work	and	
career of a clinical laboratory technician.

•	 A	new	Guide	to	Writing	the	Acid	Dissociation	Expression	
has been added.

•	 Key	Math	Skills	are:	Calculating	pH	from	[H3O
+], and 

Calculating [H3O+] from pH.
•	 Core	Chemistry	Skills	are:	Identifying	Conjugate	Acid–

Base Pairs, Calculating [H3O
+] and [OH-] in Solutions, 

Writing Equations for Reactions of Acids and Bases, 

Calculating Molarity or Volume of an Acid or Base in a 
Titration, and Calculating the pH of a Buffer.

•	 The	interchapter	problem	set,	Combining	Ideas	from	
Chapters 11 to 14, completes the chapter.

Chapter 15, Oxidation and Reduction, looks at the char-
acteristics of oxidation and reduction reactions. Oxidation num-
bers are assigned to the atoms in elements, molecules, and ions 
to determine the components that lose electrons during oxi-
dation and gain electrons during reduction. The half-reaction 
method is utilized to balance oxidation–reduction reactions. The 
production of electrical energy in voltaic cells and the require-
ment of electrical energy in electrolytic cells are diagrammed 
using half-cells. The activity series is used to determine the 
spontaneous direction of an oxidation–reduction reaction.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a dentist.

•	 A	new	Guide	to	Identifying	Oxidizing	and	Reducing	
Agents has been added.

•	 Core	Chemistry	Skills	are:	Assigning	Oxidation	Num-
bers, Using Oxidation Numbers, Identifying Oxidizing 
and Reducing Agents, Using Half-Reactions to Bal-
ance Redox Equations, and Identifying Spontaneous 
Reactions.

Chapter 16, Nuclear Chemistry, looks at the types 
of radiation emitted from the nuclei of radioactive atoms.  
Nuclear equations are written and balanced for both naturally 
occurring radioactivity and artificially produced radioactivity. 
The half-lives of radioisotopes are discussed, and the amount 
of time for a sample to decay is calculated. Radioisotopes 
important in the field of nuclear medicine are described. 
Fission and fusion and their role in energy production are 
discussed.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a radiologist.

•	 Core	Chemistry	Skills	are:	Writing	Nuclear	Equations,	
and Using Half-Lives.

•	 The	interchapter	problem	set,	Combining	Ideas	from	
Chapters 15 and 16, completes the chapter.

Chapter 17, Organic Chemistry, compares inorganic and 
organic compounds, and describes the condensed and line- angle 
structural formulas of alkanes, alkenes, alcohols, ethers, alde-
hydes, ketones, carboxylic acids, esters, amines, and amides.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a firefighter/emergency medical technician.

•	 The	properties	of	organic	and	inorganic	compounds	are	
now compared in Table 17.1.

18 Preface
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•	 Line-angle	structural	formulas	were	added	to	Table	17.2	
IUPAC Names, Molecular Formulas, Condensed and 
Line-Angle Structural Formulas of the First Ten Alkanes.

•	 More	line-angle	structures	are	included	in	text	examples,	
sample problems, questions and problems.

•	 The	 two-dimensional	 and	 three-dimensional	 rep-
resentations of methane and ethane are illustrated using 
condensed structural formulas, expanded structural for-
mulas, ball-and-stick models, space-filling models, and 
wedge–dash models.

•	 The	topic	of	structural	isomers	was	added	using	con-
densed and line-angle structural formulas.

•	 Common	substituents	butyl,	 isobutyl,	sec-butyl and 
tert-butyl were added to Table 17.3.

•	 Properties	of	solubility	and	density	of	alkanes	were	
added.

•	 The	chemical	reaction	of	hydrogenation	of	alkenes	and	
unsaturated fats was added.

•	 Updated	recycling	symbols	for	polymers	were	added.
•	 Core	Chemistry	Skills	are:	Naming	and	Drawing	Alkanes,	

Writing Equations for Hydrogenation and Polymeriza-
tion, Naming Aldehydes and Ketones, Naming Carbox-
ylic Acids, Forming Esters, and  Forming Amides.

Chapter 18, Biochemistry, looks at the chemical structures 
and reactions of chemicals that occur in living systems. We focus 
on four types of biomolecules—carbohydrates, lipids, proteins, 
and nucleic acids—as well as their biochemical reactions.

•	 The	Chapter	Opener	and	Follow	Up	feature	the	work	and	
career of a clinical lipid specialist.

•	 Fischer	projections	with	 and	d and l notations are 
described.

•	 Monosaccharides	are	classified	as	aldo	or	keto	pentoses	
or hexoses.

•	 Haworth	structures	are	drawn	for	monosaccharides,	
disaccharides, and polysaccharides.

•	 The	Guide	to	Drawing	Haworth	Structures	has	been	
rewritten.

•	 Lipids	distinguishes	between	the	structures	of	fatty	acids,	
waxes, triacylglycerols, and steroids.

•	 The	shapes	of	proteins	are	related	to	the	activity	and	reg-
ulation of enzyme activity.

•	 The	genetic	code	is	described	and	utilized	in	the	process	
of protein synthesis.

•	 Core	Chemistry	Skills	are:	Drawing	Haworth	Struc-
tures, Identifying Fatty Acids, Drawing Structures for 
Triacylglycerols, Drawing the Products for the Hydro-
genation and Saponification of a Triacylglycerol, Draw-
ing the Ionized Form for an Amino Acid, Identifying 
the Primary, Secondary, Tertiary, and Quaternary Struc-
tures of Proteins, Writing the Complementary DNA 
Strand, and Writing the mRNA Segment for a DNA 
Template.

•	 The	interchapter	problem	set,	Combining	Ideas	from	
Chapters 17 and 18, completes the chapter.
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—Albert Einstein
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Feature Description Benefit Page

    CarEEr 
registered nurse  
 In addition to assisting physicians, 
registered nurses work to promote patient 
health, and prevent and treat disease. They 
provide patient care and help patients cope 
with illness. They take measurements such 
as a patient’s weight, height, temperature, 
and blood pressure; make conversions; 
and calculate drug dosage rates. 
Registered nurses also maintain detailed 
medical records of patient symptoms and 
prescribed medications.         

    DUrinG thE PaSt FEW 
months, Greg has been  experiencing 
an increased number of headaches, 
and frequently feels dizzy and 
nauseous. He goes to his doctor’s 
office where, Sandra, the registered 
nurse completes the initial part 
of the exam by recording several 
measurements: weight 74.8 kg, 
height 171 cm, temperature  37.2 °C,  

and blood pressure  155 /95.  Normal 
blood pressure is  120 /80  or below. 

 When Greg sees his doctor, 
he is diagnosed as having high 
blood pressure  ( hypertension ) . 
The doctor prescribes 80. mg of 
Inderal  ( propranolol ) . Inderal is a 
beta blocker, which relaxes the 
muscles of the heart. It is used to 
treat hypertension, angina 

 ( chest pain ) , arrhythmia, and 
migraine headaches. 

 Two weeks later, Greg visits his 
doctor again, who determines that 
Greg’s blood pressure is now  152 /90.  
The doctor increases the dosage of 
Inderal to 160 mg. The registered 
nurse, Sandra, informs Greg that he 
needs to increase his daily dosage 
from two tablets to four tablets.   

      2  chemistry and 
measurements   

     

 57

Chapter Openers discuss 
careers that involve chemistry.

Connects the chemistry 
in the chapter with the 
professionals who use 
chemistry every day.

57

82 CHAPTER 2 chemistry and measurements

   STEP 3  State the equalities and conversion factors.    

 

   STEP 4  Set up the problem to cancel units and calculate the answer.  We set up 
the problem using conversion factors to cancel each unit, starting with lb of body 
weight, until we obtain the final unit, kg of body fat, in the numerator.             

155 lb body weight 11 kg of body fat* =
1 kg body mass

2.205 lb body weight

16 kg body fat

100 kg body mass
*

Three SFs Four SFs Two SFsExact

Two SFsExact

        StUDy ChECk  2. 13   

    Uncooked lean ground beef can contain up to 22% fat by mass. How many grams of fat 
would be contained in 0.25 lb of the ground beef?       

   anSWEr  

   25 g of fat       

   CHEMISTRY LINK TO hEaLth 
 toxicology and risk–Benefit assessment   

 E a c h  d a y,  w e 
make choices about what we 
do or what we eat, often with-
out thinking about the risks 
associated with these choices. 
We are aware of the risks of 
cancer from smoking or the 
risks of lead poisoning, and 
we know there is a greater 
risk of having an accident if 
we cross a street where there 
is no light or crosswalk. 

 A basic concept of toxi-
cology is the statement of 
Paracelsus that the dose is the 
difference between a poison and a cure. To evaluate the level of dan-
ger from various substances, natural or synthetic, a risk assessment 
is made by exposing laboratory animals to the substances and moni-
toring the health effects. Often, doses very much greater than 
humans might ordinarily encounter are given to the test animals.    

 Many hazardous chemicals or substances have been identified by 
these tests. One measure of toxicity is the LD50, or lethal dose, which 
is the concentration of the substance that causes death in 50% of the 
test animals. A dosage is typically measured in milligrams per kilo-
gram (mg/kg) of body mass or micrograms per kilogram (mcg/kg) 
of body mass. 

 Other evaluations need to be made, but it is easy to compare 
LD50 values. Parathion, a pesticide, with an LD50 of 3 mg/kg, would 
be highly toxic. This means that 3 mg of parathion per kg of body 
mass would be fatal to half the test animals. Table salt (sodium chlo-
ride) with an LD50 of 3300 mg/kg would have a much lower toxic-
ity. You would need to ingest a huge amount of salt before any toxic 

effect would be observed. Although the risk to animals can be evalu-
ated in the laboratory, it is more difficult to determine the impact in 
the environment since there is also a difference between continued 
exposure and a single, large dose of the substance. 

   taBLE    2. 8   lists some LD50 values and compares substances in 
 order of increasing toxicity.  

CORE CHEMISTRY SKILLS

KEY MATH SKILLS

Chemistry Link to Health

CORE CHEMISTRY SKILLS

KEY MATH SKILLS
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TOXICOLOGY AND RISK—BENEFIT ASSESSMENT

Chemistry Link to the Environment
GREENHOUSE GASES

Chemistry Link to the Environment
GREENHOUSE GASES    The LD50 of caffeine is 192 mg /kg.     

    taBLE    2. 8      Some LD50 Values for Substances Tested 
in Rats    

Substance  LD50 (mg ,kg) 

Table sugar 29 700

Boric acid 5140

Baking soda 4220

Table salt 3300

Ethanol 2080

Aspirin 1100

Codeine 800

Oxycodone 480

Caffeine 192

DDT 113

Cocaine (injected) 95

Dichlorvos (pesticide strips) 56

Ricin 30

Sodium cyanide 6

Parathion 3

2.205 lb body weight
and

1 kg of body mass = 2.205 lb of body weight

1 kg body mass

1 kg body mass

2.205 lb body weight

16 kg body fat
and

16 kg of body fat = 100 kg of body mass

100 kg body mass

100 kg body mass

16 kg body fat

Chemistry Links to Health 
apply chemical concepts to 
health and medicine such as 
weight loss and weight gain, 
alcohol abuse, blood buffers, 
and kidney dialysis.

Provide you with 
connections that 
illustrate the 
importance of 
understanding 
chemistry in real-life 
situations.
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90 CHAPTER 2 chemistry and measurements

c.   A fish tank holds 35 gal of water. How many kilograms of 
water are in the fish tank?     

        2. 83    Use the density values in   Table    2. 9   to solve each of the follow-
ing problems: 
a.    What is the mass, in grams, of a cube of copper that has a 

volume of  74.1 cm3?   
b.   How many kilograms of gasoline fill a 12.0-gal gas tank?  
c.   What is the volume, in cubic centimeters, of an ice cube 

that has a mass of 27 g?     

        2. 84    Use the density values in   Table    2. 9   to solve each of the follow-
ing problems: 
a.    If a bottle of olive oil contains 1.2 kg of olive oil, what is 

the volume, in milliliters, of the olive oil?  
b.   A cannon ball made of iron has a volume of  115 cm3.  What 

is the mass, in kilograms, of the cannon ball?  
c.   A balloon filled with helium has a volume of 7.3 L. What is 

the mass, in grams, of helium in the balloon?     

        2. 85    In an old trunk, you find a piece of metal that you think may be 
aluminum, silver, or lead. You take it to a lab, where you find it 
has a mass of 217 g and a volume of  19.2 cm3.  Using   Table    2. 9  , 
what is the metal you found?   

        2. 86    Suppose you have two 100-mL graduated cylinders. In each 
cylinder, there is 40.0 mL of water. You also have two cubes: 
one is lead, and the other is aluminum. Each cube measures 
2.0 cm on each side. After you carefully lower each cube into 
the water of its own cylinder, what will the new water level be 
in each of the cylinders?    

   applications   

         2. 87    Solve each of the following problems: 
a.    A urine sample has a density of 1.030 g /  mL. What is the 

specific gravity of the sample?  
b.   A 20.0-mL sample of a glucose IV solution that has a mass 

of 20.6 g. What is the density of the glucose solution?  
c.   The specific gravity of a vegetable oil is 0.92. What is the 

mass, in grams, of 750 mL of vegetable oil?  
d.   A bottle containing 325 g of cleaning solution is used to 

clean hospital equipment. If the cleaning solution has a spe-
cific gravity of 0.850, what volume, in milliliters, of solu-
tion was used?     

        2. 88    Solve each of the following problems: 
a.    A glucose solution has a density of 1.02 g /  mL. What is its 

specific gravity?  
b.   A 0.200-mL sample of high-density lipoprotein   (HDL)   has 

a mass of 0.230 g. What is the density of the HDL?  
c.   Butter has a specific gravity of 0.86. What is the mass, in 

grams, of 2.15 L of butter?  
d.   A 5.000-mL urine sample has a mass of 5.025 g. If the nor-

mal range for the specific gravity of urine is 1.003 to 1.030, 
would the specific gravity of this urine sample indicate that 
the patient could have type 2 diabetes?           

    Follow Up 
 GrEG’S viSit With hiS DoCtor   

 On Greg’s last visit to his doctor, he com-
plained of feeling tired. His doctor orders a 
blood test for iron. Sandra, the registered 
nurse, does a venipuncture and withdraws 
8.0 mL of blood. About 70% of the iron in 
the body is used to form hemoglobin, 
which is a protein in the red blood cells that 

carries oxygen to the cells of the body. About 30% is stored in 
ferritin, bone marrow, and the liver. When the iron level is low, a 
person may have fatigue and decreased immunity.        

 The normal range for serum iron in men is 80 to 
160 mcg /dL. Greg’s iron test showed a blood serum iron level 
of 42 mcg /dL, which indicates that Greg has iron deficiency 
anemia. His doctor orders an iron supplement to be taken 
twice daily. One tablet of the iron supplement contains 65 mg 
of iron. 

   applications  

         2. 89     a.     Write an equality and two con-
version factors for Greg’s serum 
iron level.  

  b. How many micrograms of iron 
were in the 8.0-mL sample of 
Greg’s blood?     

        2. 90        a.  Write an equality and two con-
version factors for one tablet of 
the iron supplement.  

  b.  How many grams of iron will 
Greg consume in one week?           

    Each tablet contains 
65 mg of iron, which 
is given for iron 
supplementation.     

Follow Ups give a follow up 
to the discussion in the chapter 
opener and include Application 
questions.

Continue a theme 
through the entire 
chapter utilizing the 
new chemistry content.
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2.4 Prefixes and equalities 71

prefix  centi  is used with the unit meter, it becomes  centimeter , a length that is one- 
hundredth of a meter   (0.01 m)  . When the prefix  milli  is used with the unit meter, it becomes 
 millimeter , a length that is one-thousandth of a meter   (0.001 m)  . There are 100 cm and 
1000 mm in a meter.       

 If we compare the lengths of a millimeter and a centimeter, we find that 1 mm is 
0.1 cm; there are 10 mm in 1 cm. These comparisons are examples of  equalities , which 
show the relationship between two units that measure the same quantity. In every equality, 
each quantity has both a number and a unit. Examples of equalities between different met-
ric units of length follow: 

    1 m = 100 cm  = 1 * 102 cm

 1 m = 1000 mm = 1 * 103 mm

 1 cm = 10 mm  = 1 * 101 mm   

 Some metric units for length are compared in   FiGUrE    2. 6  .   

    Using a retinal camera, an 
ophthalmologist photographs the 
retina of an eye.     

First quantity

unit+Number unit+Number

Second quantity

1 m 100 cm=

    This example of an equality shows 
the relationship between meters and 
centimeters.     

     FiGUrE      2. 6  ▶    The metric length of 1 m is the same length as 10 dm, 100 cm, or 1000 mm.    
       How many millimeters (mm) are in 1 centimeter (cm)?           Q

10 20 30 40 50 60 70 80 90 100

m
dm
cm
mm

1
10

100
1000

1 2 3 4

1 mm
1 cm  =  10 mm

1 dm

   Measuring volume  
 Volumes of 1 L or smaller are common in the health sciences. When a liter is divided into 
10 equal portions, each portion is a deciliter   (dL)  . There are 10 dL in 1 L. Laboratory 
results for blood work are often reported in mass per deciliter.   taBLE    2. 6   lists typical labo-
ratory test values for some substances in the blood.  

    taBLE    2.6      Some Typical Laboratory Test Values    

Substance in Blood Typical Range

Albumin 3.5–5.0 g /  dL

Ammonia 20–70 mg /  dL   (mcg /  dL)  

Calcium 8.5–10.5 mg /  dL

Cholesterol 105–250 mg /  dL

Iron   (male)  80–160 mg /  dL   (mcg /  dL)  

Protein   (total)  6.0–8.0 g /  dL

Macro-to-Micro Art utilizes 
photographs and drawings to 
illustrate the atomic structure of 
chemical phenomenas.

Helps you connect 
the world of atoms 
and molecules to the 
macroscopic world.
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114 CHAPTER 3 matter and energy

   applications  

      3. 27    The energy needed to keep a 75-watt light bulb burning for 
1.0 h is 270 kJ. Calculate the energy required to keep the light 
bulb burning for 3.0 h in each of the following energy units: 
a.    joules  
b.   kilocalories     

     3. 28    A person uses 750 kcal on a long walk. Calculate the energy 
used for the walk in each of the following energy units: 
a.    joules  
b.   kilojoules       

 The Earth’s climate is a product of interactions between 
sunlight, the atmosphere, and the oceans. The Sun provides us with 
energy in the form of solar radiation. Some of this radiation is 
reflected back into space. The rest is absorbed by the clouds, atmo-
spheric gases including carbon dioxide (CO2), and the Earth’s sur-
face. For millions of years, concentrations of carbon dioxide   have 
fluctuated. However in the last 100 years, the amount of  CO2  gas in 
our atmosphere has increased significantly. From the years 1000 to 
1800, the atmospheric carbon dioxide level averaged 280 ppm. The 
concentration of ppm indicates the parts per million by volume, 
which for gases is the same as mL of  CO2  per kL of air. But since the 
beginning of the Industrial Revolution in 1800 up until 2005, the 
level of atmospheric carbon dioxide has risen from about 280 ppm to 
about 394 ppm in 2013, a 40% increase. 

 As the atmospheric  CO2  level increases, more solar radiation is 
trapped by the atmospheric gases, which raises the temperature at 
the surface of the Earth. Some scientists have estimated that if the 
carbon dioxide level doubles from its level before the Industrial 
Revolution, the average global temperature could increase by 2.0 
to  4.4 °C.  Although this seems to be a small temperature change, it 
could have dramatic impact worldwide. Even now, glaciers and 
snow cover in much of the world have diminished. Ice sheets in 

Antarctica and Greenland are melting faster and breaking apart. 
Although no one knows for sure how rapidly the ice in the polar 
regions is melting, this accelerating change will contribute to a rise 
in sea level. In the twentieth century, the sea level rose by 15 to 
23 cm. Some scientists predict the sea level will rise by 1 m in 
this  century. Such an increase will have a major impact on 
coastal areas.  

 Until recently, the carbon dioxide level was maintained as algae 
in the oceans and the trees in the forests utilized the carbon dioxide. 
However, the ability of these and other forms of plant life to absorb 
carbon dioxide is not keeping up with the increase in carbon dioxide. 
Most scientists agree that the primary source of the increase of car-
bon dioxide is the burning of fossil fuels such as gasoline, coal, and 
natural gas. The cutting and burning of trees in the rainforests 
(deforestation) also reduces the amount of carbon dioxide removed 
from the atmosphere. 

 Worldwide efforts are being made to reduce the carbon dioxide 
produced by burning fossil fuels that heat our homes, run our cars, 
and provide energy for industries. Scientists are exploring ways to 
provide alternative energy sources and to reduce the effects of defor-
estation. Meanwhile, we can reduce energy use in our homes by 
using appliances that are more energy efficient such as replacing 
incandescent light bulbs with f luorescent lights. Such an effort 
worldwide will reduce the possible impact of climate change and at 
the same time save our fuel resources.  

   CHEMISTRY LINK TO THE EnvironmEnt 
 Carbon Dioxide and Climate Change   

Year
1800

390

370

350

330

310

290

270

1850 1900 1950 2000 2050

C
O

2 
(p

pm
)

Atmospheric Carbon Dioxide (CO2)

    Atmospheric carbon dioxide levels are shown for the years from 
1800  C.E.  to 2010  C.E.      

CO2

CO2

CO2

CO2CO2

Heat absorbed
by CO2

Radiant
energy
(light)

Sun

Atmosphere

    Heat from the Sun is trapped by the  CO2  layer in the 
atmosphere.     

Engage

Engage

Engage

Chemistry Links to the 
Environment relate chemistry 
to environmental topics such 
as climate change, radon in our 
homes, and fuel cells. 

Help you extend your 
understanding of the 
impact of chemistry on 
the environment.
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2.5 Writing conversion Factors 77

c.   The U.S. Environmental Protection Agency   (EPA)   has set the maximum level for mer-
cury in tuna at 0.5 ppm.     

    
try it FirSt

    
   SoLUtion  

a.    There are 40. mg of propranolol in 1 tablet.    

Equality Conversion Factors Significant Figures or Exact

 1 tablet =  40. mg of 
 propranolol  

40. mg propranolol

1 tablet
  

and

 
1 tablet

40. mg propranolol
 

The 40. mg is measured: 
 It has two significant 
 figures. The 1 tablet 
 is exact.

b.   Cold water fish such as salmon contains 1.9% omega-3 fatty acids by mass.    

Equality Conversion Factors Significant Figures or Exact

1.9 g of omega-3 fatty acids
  =  100 g  of salmon  

1.9 g omega@3 fatty acids

100 g salmon
  

and 

 
100 g salmon

1.9 g omega@3 fatty acids
 

The 1.9 g is measured: 
 It has two significant 
 figures. The 100 g is exact.

c.   The EPA has set the maximum level for mercury in tuna at 0.5 ppm.    

Equality Conversion Factors Significant Figures or Exact

0.5 mg of mercury
  = 1  kg of tuna  

0.5 mg mercury

1 kg tuna
  

and 

 
1 kg tuna

0.5 mg mercury
 

The 0.5 mg is measured: 
 It has one significant figure. 
 The 1 kg is exact.

    StUDy ChECk  2. 9   

    Levsin   (hyoscyamine)  , used to treat stomach and bladder problems, is available as drops 
with 0.125 mg Levsin per 1 mL of solution. Write the equality and two conversion fac-
tors, and identify each number as exact or give the number of significant figures.       

   anSWEr  

   0.125 mg of Levsin = 1 mL  of solution  

   
0.125 mg Levsin

1 mL solution
  and  

1 mL solution
0.125 mg Levsin

   

  The 0.125 mg is measured: It has three SFs. The 1 mL is exact.       

    Propranolol is used to lower high 
blood pressure.     

    Salmon contains high levels of 
omega-3 fatty acids.     

    The maximum amount of mercury 
allowed in tuna is 0.5 ppm.     

Why is the 0.5 ppm mercury in tuna 
written as the equality 0.5 mg of 
 mercury = 1 kg  of tuna? 

 EnGaGE 

    QUEStionS AND ProBLEmS 
  2. 5   Writing Conversion Factors     

    LEarninG GoaL     Write a conversion factor for two units that 
describe the same quantity.  

         2. 49    Why can two conversion factors be written for an equality such 
as  1 m = 100 cm?    

        2. 50    How can you check that you have written the correct conver-
sion factors for an equality?   

        2. 51    Write the equality and two conversion factors for each of the 
following pairs of units: 
a.    centimeters and meters  
b.   nanograms and grams  
c.   liters and kiloliters  
d.   seconds and milliseconds  
e.   cubic meters and cubic centimeters     

Engage feature is a question in 
the margin next to a paragraph 
of new material.

Reminds you to think 
about the paragraph 
you are reading and to 
test your understanding 
by answering the 
Engage question.

77

Students learn chemistry using real-world examples
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Key terms 341

•	   In a nonpolar covalent bond, atoms 
share electrons equally.  

•	   In a polar covalent bond, the electrons 
are unequally shared because they are 
attracted to the more electronegative 
atom.  

•	   The atom in a polar bond with the 
lower electronegativity is partially 
positive  (d+),  and the atom with the 
higher electronegativity is partially 
negative  (d-).   

•	   Atoms that form ionic bonds have 
large differences in electronegativities.    

     10. 5     Polarity of molecules   

    LEarninG GoaL       Use the three-dimensional 
structure of a molecule to classify it as polar or 
nonpolar.  

•	        Nonpolar molecules contain nonpolar covalent bonds or have an 
arrangement of bonded atoms that causes the dipoles to cancel out.  

•	   In polar molecules, the dipoles do not cancel.    

     10. 6     intermolecular Forces Between atoms or 
molecules     

    LEarninG GoaL       Describe the 
intermolecular forces between ions, polar 
covalent molecules, and nonpolar covalent 
molecules.  

•	        In ionic solids, oppositely charged ions are held in a rigid structure 
by ionic bonds.  

•	   Intermolecular forces called dipole–dipole attractions and 
hydrogen bonds hold the solid and liquid states of polar molecular 
compounds together.  

•	   Nonpolar compounds form solids and liquids by weak attractions 
between temporary dipoles called dispersion forces.    

     10. 7     Changes of State     

    LEarninG GoaL       Describe the 
changes of state between solids, 
liquids, and gases; calculate the 
energy involved.  

•	        Melting occurs when the particles 
in a solid absorb enough energy to break apart and form a liquid.  

•	   The amount of energy required to convert exactly 1 g of solid to 
liquid is called the heat of fusion.  

•	   For water, 334 J is needed to melt 1 g of ice or must be removed to 
freeze 1 g of water.  

•	   Evaporation occurs when particles in a liquid state absorb enough 
energy to break apart and form gaseous particles.  

•	   Boiling is the vaporization of liquid at its boiling point. The heat of 
vaporization is the amount of heat needed to convert exactly 1 g of 
liquid to vapor.  

•	   For water, 2260 J is needed to vaporize 1 g of water or must be 
removed to condense 1 g of steam.  

•	   A heating or cooling curve illustrates the changes in temperature 
and state as heat is added to or removed from a substance. Plateaus 
on the graph indicate changes of state.  

•	   The total heat absorbed or removed from a substance undergoing 
temperature changes and changes of state is the sum of energy 
calculations for changes of state and changes in temperature.  

•	   Sublimation is a process whereby a solid changes directly to 
a gas.     

H Cl

Cl

H

H Cl
d+ d-

Unequal sharing of electrons
in a polar covalent bond

H

Dipole–dipole
attraction

HCl Cl

d+ d- d+ d-

LiquidSolid

    Melting

  Freezing

+ Heat

 - Heat

    kEy tErmS    
  bent      The shape of a molecule with two bonded atoms and one lone 

pair or two lone pairs. 
  boiling      The formation of bubbles of gas throughout a liquid. 
  boiling point (bp)      The temperature at which a liquid changes to gas 

(boils) and gas changes to liquid (condenses). 
  change of state      The transformation of one state of matter to another, 

for example, solid to liquid, liquid to solid, liquid to gas. 
  condensation      The change of state from a gas to a liquid. 
  cooling curve      A diagram that illustrates temperature changes and 

changes of state for a substance as heat is removed. 
  deposition      The change of a gas directly to a solid; the reverse of 

sublimation. 
  dipole      The separation of positive and negative charge in a polar bond 

indicated by an arrow that is drawn from the more positive atom 
to the more negative atom. 

  dipole–dipole attractions      Attractive forces between oppositely 
charged ends of polar molecules. 

  dispersion forces      Weak dipole bonding that results from a momen-
tary polarization of nonpolar molecules. 

  double bond      A sharing of two pairs of electrons by two atoms. 
  electronegativity      The relative ability of an element to attract elec-

trons in a bond. 
  evaporation      The formation of a gas (vapor) by the escape of high-

energy molecules from the surface of a liquid. 

  freezing      A change of state from liquid to solid. 
  freezing point (fp)      The temperature at which a liquid changes to a 

solid (freezes) and a solid changes to a liquid (melts). 
  heat of fusion      The energy required to melt exactly 1 g of a substance 

at its melting point. For water, 334 J is needed to melt 1 g of ice; 
334 J is released when 1 g of water freezes. 

  heat of vaporization      The energy required to vaporize 1 g of a substance 
at its boiling point. For water, 2260 J is needed to vaporize exactly 
1 g of water; 1 g of steam gives off 2260 J when it condenses. 

  heating curve      A diagram that illustrates the temperature changes and 
changes of state of a substance as it is heated. 

  hydrogen bond      The attraction between a partially positive H atom 
and a strongly electronegative atom of N, O, or F. 

  Lewis structure      A structure drawn in which the valence electrons of all the 
atoms are arranged to give octets except two electrons for hydrogen. 

  linear      The shape of a molecule that has two bonded atoms and no 
lone pairs. 

  melting      The change of state from a solid to a liquid. 
  melting point (mp)      The temperature at which a solid becomes a 

 liquid (melts). It is the same temperature as the freezing point. 
  nonpolar covalent bond      A covalent bond in which the electrons are 

shared equally between atoms. 
  nonpolar molecule      A molecule that has only nonpolar bonds or in 

which the bond dipoles cancel. 

Learning Goals at the beginning and 
end of each section identify the key 
concepts for that section and provide a 
roadmap for your study.

Help you focus your 
studying by emphasizing 
what is most important in 
each section.
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356 CHAPTER 11 Gases

      volume ( V )  
 The volume of gas equals the size of the container in which the gas is placed. When you 
inflate a tire or a basketball, you are adding more gas particles. The increase in the number 
of particles hitting the walls of the tire or basketball increases the volume. Sometimes, on 
a cold morning, a tire looks flat. The volume of the tire has decreased because a lower 
temperature decreases the speed of the molecules, which in turn reduces the force of their 
impacts on the walls of the tire. The most common units for volume measurement are 
liters (L) and milliliters (mL).  

   Temperature ( T )  
 The temperature of a gas is related to the kinetic energy of its particles. For example, if we 
have a gas at 200 K and heat it to a temperature of 400 K, the gas particles will have twice 
the kinetic energy that they did at 200 K. This also means that the gas at 400 K exerts 
twice the pressure of the gas at 200 K. Although you measure gas temperature using a 
 Celsius thermometer, all comparisons of gas behavior and all calculations related to tem-
perature must use the Kelvin temperature scale. No one has quite created the conditions 
for absolute zero (0 K), but we predict that the particles will have zero kinetic energy and 
exert zero pressure at absolute zero.  

   Amount of Gas ( n )  
 When you add air to a bicycle tire, you increase the amount of gas, which results in a 
higher pressure in the tire. Usually, we measure the amount of gas by its mass, in grams. 
In gas law calculations, we need to change the grams of gas to moles. 

 A summary of the four properties of a gas is given in   taBLE    11. 1  . 

    taBLE    11. 1      Properties That Describe a Gas    

Property Description units of Measurement

 Pressure  (  P  ) The force exerted by a gas against 
the walls of the container

atmosphere (atm); millimeter of 
mercury (mmHg); torr; pascal (Pa)

 volume  (  V  ) The space occupied by a gas liter (L); milliliter (mL)

 Temperature  (  T  ) The determining factor of the 
kinetic energy and rate of motion 
of gas particles

degree Celsius  (°C);  kelvin (K) 
 is required in calculations 

 Amount  (  n  ) The quantity of gas present in a 
container

gram (g); mole ( n )  is required in 
calculations 

     SamPLE ProBLEm  11. 1     Properties of Gases   

 Identify the property of a gas that is described by each of the following: 

a.    increases the kinetic energy of gas particles  
b.   the force of the gas particles hitting the walls of the container  
c.   the space that is occupied by a gas     

   try it FirSt   

   SoLUtion  

   a. temperature     b. pressure     c. volume     

    StUDy ChECk  11. 1   

 When helium is added to a balloon, the number of grams of helium increases. What 
property of a gas is described?  

   anSWEr  

 The mass, in grams, gives the amount of gas.  
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66 CHAPTER 2 chemistry and measurements

 Each time you use a calculator, it is important to look at the original measure-
ments and determine the number of significant figures that can be used for the answer. 
You can use the following rules to round off the numbers shown in a calculator 
display.    

   Rules for Rounding Off  

1.    If the first digit to be dropped is  4 or less , then it and all following digits are simply 
dropped from the number.  

2.   If the first digit to be dropped is  5 or greater , then the last retained digit of the num-
ber is increased by 1.      

Number to Round Off Three Significant Figures Two Significant Figures

8.4234 8.42   (drop 34)  8.4   (drop 234)  

14.780 14.8   (drop 80, increase the 
 last retained digit by 1)  

15   (drop 780, increase the 
 last retained digit by 1)  

3256 3260*   (drop 6, increase 
 the last retained digit by 1, 
 add 0)    (3.26 * 103) 

3300*   (drop 56, increase 
 the last retained digit by 1, 
 add 00)    (3.3 * 103) 

*The value of a large number is retained by using placeholder zeros to replace 
dropped digits.

    SamPLE ProBLEm  2. 4   rounding off   

 Round off each of the following numbers to three significant figures: 

a.    35.7823 m  b.   0.002 621 7 L  c.    3.8268 * 103 g      

    
try it FirSt

    

   SoLUtion  

a.    To round off 35.7823 m to three significant figures, drop 823 and increase the last 
 retained digit by 1 to give 35.8 m.  

b.   To round off 0.002 621 7 L to three significant figures, drop 17 to give 0.002 62 L.  
c.   To round off  3.8268 * 103 g  to three significant figures, drop 68 and increase the last 

retained digit by 1 to give  3.83 * 103 g.        

    StUDy ChECk  2. 4   

    Round off each of the numbers in Sample Problem  2. 4 to two significant figures.       

   anSWEr  

a.    36 m  b.   0.0026 L  c.    3.8 * 103  g      

   Multiplication and Division with Measured Numbers     
  In multiplication or division, the final answer is written so that it has the same number of 
significant figures   (SFs)   as the measurement with the fewest SFs.  An example of rounding 
off a calculator display follows:    

 Perform the following operations with measured numbers: 

   
2.8 * 67.40

34.8
=    

 When the problem has multiple steps, the numbers in the numerator are multiplied and 
then divided by each of the numbers in the denominator. 

   2.8 =,*-+ +/-

SCI2nd or 3rd function key

EE or EXP

 67.40 =,*-+ +/-

SCI2nd or 3rd function key

EE or EXP

 34.8 =,*-+ +/-

SCI2nd or 3rd function key

EE or EXP

   5.422988506   =  5.4   
   Two SFs Four SFs Three SFs  Calculator  Answer, rounded 
    display  off to two SFs  

    A technician uses a calculator in the 
laboratory.     

Why does 10.07208 rounded off to 
three significant figures equal 10.1? 

 EnGaGE 

   CorE ChEmiStry SkiLL   
 Using Significant Figures in 
Calculations 
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ChaPtEr rEviEW

     17. 1     alkanes     

    LEarninG GoaL       Write the 
IUPAC names and draw the 
condensed or line-angle structural 
formulas for alkanes.   

•	    Alkanes are hydrocarbons that have 
only  C ¬ C  single bonds.  

•	   In the expanded structural formula, a separate line is drawn for 
every bonded atom.  

•	   A condensed structural formula depicts groups composed of each 
carbon atom and its attached hydrogen atoms.  

•	   A line-angle structural formula represents the carbon skeleton as 
ends and corners of a zigzag line.  

•	   Substituents such as alkyl groups and halogen atoms (named as 
fluoro, chloro, bromo, or iodo) can replace hydrogen atoms on the 
main chain.  

•	   The IUPAC system is used to name organic compounds by 
indicating the number of carbon atoms and the position of any 
substituents.    

     17. 2     alkenes, alkynes, and Polymers     

    LEarninG GoaL       Write the 
IUPAC names and draw the 
condensed or line-angle 
structural formulas for alkenes 
and alkynes.   

•	    Alkenes are unsaturated hydrocarbons that contain carbon–carbon 
double bonds  (C “ C).   

•	   Alkynes contain a carbon–carbon triple bond  (C ‚ C).   
•	   The IUPAC names of alkenes end with  ene ; alkyne names end 

with  yne .  
•	   The main chain is numbered from the end nearer the double or 

triple bond.  
•	   Alkenes react with hydrogen using a metal catalyst to form 

alkanes.  
•	   Polymers are long-chain molecules that consist of many repeating 

units of smaller carbon molecules called monomers.    

     17. 3     aromatic Compounds     

    LEarninG GoaL       Describe the bonding in benzene; 
name aromatic compounds, and draw their line-angle 
structural formulas.   

•	    Most aromatic compounds contain benzene,  C6H6,  a cyclic 
structure containing six carbon atoms and six hydrogen atoms.  

•	   The structure of benzene is represented as a hexagon with a circle 
in the center.  

•	   The IUPAC system uses the names of benzene, toluene, aniline, 
and phenol.  

•	   In the IUPAC name, two or more substituents are numbered and 
listed in alphabetical order.    

  ChaPtEr rEviEW  
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core chemistry skills 247

    kEy tErmS    
  avogadro’s number      The number of items in a mole, equal to 

 6.022 * 1023.  
  empirical formula      The simplest or smallest whole-number ratio of 

the atoms in a formula. 
  formula unit      The group of ions represented by the formula of an 

ionic compound. 
  mass percent composition      The percent by mass of the elements in a 

formula. 

  molar mass      The mass in grams of 1 mol of an element is equal 
numerically to its atomic mass. The molar mass of a compound 
is equal to the sum of the masses of the elements in the formula. 

  mole      A group of atoms, molecules, or formula units that contains 
 6.022 * 1023  of these items. 

  molecular formula      The actual formula that gives the number of 
atoms of each type of element in the compound.   

  The chapter section containing each Core Chemistry Skill is shown in 
parentheses at the end of each heading.  

   Converting Particles to Moles (7.1)  

•	    In chemistry, atoms, molecules, and ions are counted by the mole 
(abbreviated  mol  in calculations), a unit that contains  6.022 * 1023  
items, which is Avogadro’s number.  

•	   For example, 1 mol of carbon contains  6.022 * 1023  atoms of car-
bon and 1 mol of  H2O  contains  6.022 * 1023  molecules of  H2O.   

•	   Avogadro’s number is used to convert between particles and moles.   

    Example:     How many moles of nickel contain  2.45 * 1024  Ni atoms?  

   Answer:       2.45 * 1024 Ni atoms *
1 mol Ni

6.022 * 1023 Ni atoms
  

   = 4.07 mol of Ni     

   Calculating Molar Mass (7.2)  
•	    The molar mass of a compound is the sum of the molar mass of 

each element in its chemical formula multiplied by its subscript in 
the formula.   

    Example:     Calculate the molar mass for pinene,  C10H16,  a component 
of pine tree sap.   

   Answer:       10 mol C *
12.01 g C

1 mol C
 = 120.1 g of C  

    16 mol H *
1.008 g H

1 mol H
= 16.13 g of H  

   Molar mass of C10H16 = 136.2 g     

   using Molar Mass as a Conversion Factor (7.3)  
•	    Molar mass is used as a conversion factor to convert between the 

moles and grams of a substance.   

     Example:     The frame of a bicycle contains 6500 g of aluminum. How 
many moles of aluminum are in the bicycle frame?  

Answer:    Equality: 1 mol of Al = 26.98 g of Al  

   Conversion Factors: 
26.98 g Al

1 mol Al
 and 

1 mol Al
26.98 g Al

   

    6500 g Al *
1 mol Al

26.98 g Al
= 240 mol of Al           

   Calculating Mass Percent Composition (7.4)  

•	    The mass of a compound contains a definite proportion by 
mass of its elements.  

•	   The mass percent of an element in a compound is calculated by 
 dividing the mass of that element by the mass of the compound. 

   Mass percent of an element =  
mass of an element

mass of the compound
* 100%     

    Example:     Dinitrogen tetroxide,  N2O4,  is used in liquid fuels for 
 rockets. If it has a molar mass of 92.02 g, what is the 
mass percent of nitrogen?  

   Answer:      Mass % N =
28.02 g N

92.02 g N2O4
* 100% = 30.45% N     

   Calculating an Empirical Formula ( 7. 5)  

•	    The empirical formula or simplest formula represents the lowest 
whole-number ratio of the atoms and therefore moles of elements 
in a compound.  

•	   For example, dinitrogen tetroxide,  N2O4,  has the empirical formula 
 NO2.   

•	   To calculate the empirical formula, the grams of each element are 
converted to moles and divided by the smallest number of moles to 
obtain the lowest whole-number ratio.   

    Example:     Calculate the empirical formula for a compound that con-
tains 3.28 g of Cr and 6.72 g of Cl.  
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      Pinene is a component 
of pine sap.   

      A bicycle with an aluminum frame.   
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    ChaPtEr rEviEW  

     2. 1   Units of measurement     

    LEarninG GoaL     Write the 
names and abbreviations for 
the metric or SI units used in 
measurements of length, 
volume, mass, temperature, 
and time.  

•	    In science, physical quanti-
ties are described in units of 
the metric or International 
System of Units   (SI)  .  

•	   Some important units are meter   (m)   for length, liter   (L)   for 
volume, gram   (g)   and kilogram   (kg)   for mass, degree Celsius  
 (°C)   and kelvin   (K)   for temperature, and second   (s)   for time.           

     2. 2   measured numbers and Significant Figures     

    LEarninG GoaL     Identify a 
number as measured or exact; 
determine the number of significant 
figures in a measured number.  

•	    A measured number is any num-
ber obtained by using a measuring 
device.  

•	   An exact number is obtained by counting items or from a defini-
tion; no measuring device is needed.  

•	   Significant figures are the numbers reported in a measurement 
 including the estimated digit.  

•	   Zeros in front of a decimal number or at the end of a nondecimal 
number are not significant.           

     2. 3   Significant Figures in Calculations     

    LEarninG GoaL     Adjust 
calculated answers to give the 
correct number of significant 
figures.    

•	         In multiplication and division, 
the final answer is written so 
that it has the same number of 
significant figures as the measurement with the fewest significant 
figures.  

•	   In addition and subtraction, the final answer is written so that it has 
the same number of decimal places as the measurement with the 
fewest decimal places.    

     2. 4   Prefixes and Equalities     

    LEarninG GoaL     Use the 
numerical values of prefixes 
to write a metric equality.  

•	    A prefix placed in front of 
a metric or SI unit changes 
the size of the unit by 
 factors of 10.  

•	   Prefixes such as  centi ,  milli , 
and  micro  provide smaller 
units; prefixes such as  kilo ,  mega , and  tera  provide larger units.  

•	   An equality shows the relationship between two units that measure 
the same quantity of length, volume, mass, or time.  

•	   Examples of metric equalities are  1 m = 100 cm, 1 L = 1000 mL,  
 1 kg = 1000 g, and 1 min = 60 s.            

     ConCEPt maP               
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492 CHAPTER 14 acids and Bases

     SamPLE ProBLEm  14. 7     ph of Solutions   

 Consider the pH of the following body fluids: 

Body Fluid pH

Stomach acid 1.4

Pancreatic juice 8.4

Sweat 4.8

Urine 5.3

Cerebrospinal fluid 7.3

a.    Place the pH values of the body fluids on the list in order of most acidic to most 
basic.  

b.   Which body fluid has the highest  [H3O
+]?      

   try it FirSt   

    SoLUtion  

a.    The most acidic body fluid is the one with the lowest pH, and the most basic is the body 
fluid with the highest pH: stomach acid  (1.4),  sweat  (4.8),  urine  (5.3),  cerebrospinal 
fluid  (7.3),  pancreatic juice  (8.4).   

b.   The body fluid with the highest  [H3O
+]  would have the lowest pH value, which is 

stomach acid.     

     StUDy ChECk  14. 7   

 Which body fluid has the highest  [OH-]?   

    anSWEr  

 The body f luid with the highest  [OH-]  would have the highest pH value, which is 
 pancreatic juice.      

      Calculating the pH of Solutions  
 The pH scale is a logarithmic scale that corresponds to the  [H3O

+]  of aqueous solutions. 
Mathematically,   pH  is the negative logarithm (base 10) of the  [H3O

+].  

   pH = - log[H3O+]   

 Essentially, the negative powers of 10 in the molar concentrations are converted to positive 
numbers. For example, a lemon juice solution with  [H3O

+] = 1.0 * 10-2 M  has a pH of 
2.00. This can be calculated using the pH equation: 

    pH = - log[1.0 * 10-2]  

   pH = - (-2.00)   

   = 2.00    

  kEy math SkiLL  
 Calculating pH from  [H3O+]  
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(a) (b) (c)

      FiGUrE    14. 5  ▶    The pH of a 
solution can be determined using 
 ( a )  a pH meter,  ( b )  pH paper, and 
 ( c )  indicators that turn different colors 
corresponding to different pH values.   

        If a pH meter reads 4.00, is 
the solution acidic, basic, or 
neutral?          

     A dipstick is used to measure the pH 
of a urine sample.      

60 CHAPTER 2 chemistry and measurements

 You may be more familiar with the term  weight  than with mass.  Weight  is a measure 
of the gravitational pull on an object. On the Earth, an astronaut with a mass of 75.0 kg has 
a weight of 165 lb. On the Moon where the gravitational pull is one-sixth that of the Earth, 
the astronaut has a weight of 27.5 lb. However, the mass of the astronaut is the same as on 
Earth, 75.0 kg. Scientists measure mass rather than weight because mass does not depend 
on gravity. 

 In a chemistry laboratory, an electronic balance is used to measure the mass in grams 
of a substance   (see   FiGUrE    2. 3   ) .   

   Temperature  
  Temperature  tells us how hot something is, how cold it is outside, or helps us determine if 
we have a fever  ( see   FiGUrE    2. 4   ) . In the metric system, temperature is measured using 
Celsius temperature. On the  Celsius  (°C)  temperature scale , water freezes at  0 °C  and 
boils at  100 °C,  whereas on the Fahrenheit  (°F)  scale, water freezes at  32 °F  and boils at 
 212 °F.  In the SI system, temperature is measured using the  Kelvin   (K)   temperature 
scale  on which the lowest possible temperature is 0 K. A unit on the Kelvin scale is called 
a kelvin  ( K )  and is not written with a degree sign.      

    The standard kilogram for the United 
States is stored at the National Institute 
of Standards and Technology   (NIST)  .     

     FiGUrE      2. 3  ▶    On an electronic 
balance, the digital readout gives the 
mass of a nickel, which is 5.01 g.    

       What is the mass of 10 nickels?           Q

     FiGUrE      2. 4  ▶    A thermometer is used 
to determine temperature.    

       What kinds of temperature 
readings have you made today?           

Q

   Time  
 We typically measure time in units such as years  ( yr ) , days, hours  ( h ) , minutes  ( min ) , or 
seconds  ( s ) . Of these, the SI and metric unit of time is the  second  ( s )  . The standard now 
used to determine a second is an atomic clock. Some relationships between units for 
time are 

    1 day = 24 h

 1 h = 60 min

 1 min = 60 s   

    A stopwatch is used to measure the 
time of a race.     

    SamPLE ProBLEm  2. 1   Units of measurement   

 On a typical day, a nurse encounters several situations involving measurement. State the 
name and type of measurement indicated by the units in each of the following: 

a.    A patient has a temperature of  38.5 °C.   
b.   A physician orders 1.5 g of cefuroxime for injection.  
c.   A physician orders 1 L of a sodium chloride solution to be given intravenously.  
d.   A medication is to be given to a patient every 4 h.     

    
try it FirSt
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2.3 significant Figures in calculations 65

     2. 3   Significant Figures in Calculations     
    LEarninG GoaL     Adjust calculated answers to give the correct number of 
significant figures.  

 In the sciences, we measure many things: the length of a bacterium, the volume of a gas 
sample, the temperature of a reaction mixture, or the mass of iron in a sample. The num-
bers obtained from these types of measurements are often used in calculations. The num-
ber of significant figures in the measured numbers determines the number of significant 
figures in the calculated answer. 

 Using a calculator will help you perform calculations faster. However, calculators 
cannot think for you. It is up to you to enter the numbers correctly, press the correct func-
tion keys, and give an answer with the correct number of significant figures. 

   Rounding Off     
 Suppose you decide to buy carpeting for a room that measures 5.52 m by 3.58 m. Each of 
these measurements has three significant figures because the measuring tape limits your 
estimated place to 0.01 m. To determine how much carpeting you need, you would calcu-
late the area of the room by multiplying 5.52 times 3.58 on your calculator. The calculator 
shows the number 19.7616 in its display. However, this is not the correct final answer 
because there are too many digits, which is the result of the multiplication process. 
Because each of the original measurements has only three significant figures, the dis-
played number   (19.7616)   must be  rounded off  to three significant  figures, 19.8 . Therefore, 
you can order carpeting that will cover an area of  19.8 m2.  

        2. 13    Identify the measured number  (s)  , if any, in each of the 
following pairs of numbers: 
a.    3 hamburgers and 6 oz of hamburger  
b.   1 table and 4 chairs  
c.   0.75 lb of grapes and 350 g of butter  
d.    60 s = 1 min      

        2. 14    Identify the exact number  (s)  , if any, in each of the following 
pairs of numbers: 
a.    5 pizzas and 50.0 g of cheese  
b.   6 nickels and 16 g of nickel  
c.   3 onions and 3 lb of onions  
d.   5 miles and 5 cars     

        2. 15    Indicate if the zeros are significant in each of the following 
measurements: 
a.    0.0038 m  b.   5.04 cm  c.   800. L  
d.    3.0 * 10-3 kg   e.   85 000 g     

        2. 16    Indicate if the zeros are significant in each of the following 
measurements: 
a.     20.05 °C   b.   5.00 m  c.   0.000 02 g  
d.   120 000 yr  e.    8.05 * 102 L      

        2. 17    How many significant figures are in each of the following? 
a.    11.005 g  b.   0.000 32 m  
c.   36 000 000 km  d.    1.80 * 104 kg   
e.   0.8250 L  f.    30.0 °C      

        2. 18    How many significant figures are in each of the following? 
a.    20.60 mL  b.   1036.48 kg  
c.   4.00 m  d.    20.8 °C   
e.   60 800 000 g  f.    5.0 * 10-3 L      

        2. 19    In which of the following pairs do both numbers contain the 
same number of significant figures? 
a.    11.0 m and 11.00 m  b.   0.0250 m and 0.205 m  
c.   0.000 12 s and 12 000 s  d.   250.0 L and  2.5 * 10-2 L      

        2. 20    In which of the following pairs do both numbers contain the 
same number of significant figures? 
a.    0.005 75 g and  5.75 * 10-3 g   
b.   405 K and 405.0 K  
c.   150 000 s and  1.50 * 104 s   
d.    3.8 * 10-2 L  and  3.0 * 105 L      

        2. 21    Write each of the following in scientific notation with two 
 significant figures: 
a.    5000 L  b.   30 000 g  
c.   100 000 m  d.   0.000 25 cm     

        2. 22    Write each of the following in scientific notation with two 
 significant figures: 
a.    5 100 000 g  b.   26 000 s  
c.   40 000 m  d.   0.000 820 kg      

   applications   

         2. 23    Identify the number of significant figures in each of the following: 
a.    The mass of a neonate is 1.607 kg.  
b.   The Daily Value   (DV)   for iodine for an infant is 130 mcg.  
c.   There are  4.02 * 106  red blood cells in a blood sample.     

        2. 24    Identify the number of significant figures in each of the following: 
a.    An adult with the flu has a temperature of  103.5 °F.   
b.   A brain contains  1.20 * 1010  neurons.  
c.   The time for a nerve impulse to travel from the feet to the 

brain is 0.46 s.            
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Applications in Questions and Problems  
show the relevance to the chemistry concepts 
in the chapter.

Show you how the 
chemistry you are 
learning is related to 
real life.
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328 CHAPTER 10 Bonding and Properties of solids and liquids

      SamPLE ProBLEm  10. 8     Polarity of molecules   

 Determine whether a molecule of  OF2  is polar or nonpolar.   

   try it FirSt   

   SoLUtion  

F
F

OO
FF

OF2 is a polar molecule.  

ANALYZE THE 
PROBLEM

Given Need Connect

 OF2 polarity Lewis structure, bond 
polarity

    STEP 1  Determine if the bonds are polar covalent or nonpolar covalent. From 
  Figure    10. 2  , F and O have an electronegativity difference of 0.5  (4.0 - 3.5 = 0.5),  
which makes each of the  O ¬ F  bonds polar covalent.  

  STEP 2  If the bonds are polar covalent, draw the Lewis structure and deter-
mine if the dipoles cancel. The Lewis structure for  OF2  has four electron groups 
and two bonded atoms. The molecule has a bent shape in which the dipoles of the 
 O ¬ F  bonds do not cancel. The  OF2  molecule would be polar. 

         StUDy ChECk  10. 8   

 Would a  PCl3  molecule be polar or nonpolar?  

   anSWEr  

 polar  

  

STEP 1

STEP 2

Guide to Determining the
Polarity of a Molecule

Determine if the bonds are
polar covalent or nonpolar
covalent.

If the bonds are polar covalent,
draw the Lewis structure and
determine if the dipoles cancel.  

    QUEStionS AND ProBLEmS   
 10.5 Polarity of molecules     

    LEarninG GoaL       Use the three-dimensional structure of a 
molecule to classify it as polar or nonpolar.  

      10. 33    Why is  F2  a nonpolar molecule, but HF is a polar molecule?   

     10. 34    Why is  CCl4  a nonpolar molecule, but  PCl3  is a polar 
molecule?   

     10. 35    Identify each of the following molecules as polar or nonpolar: 
   a.  CS2      b.  NF3      c.  CHF3      d.  SO3      

     10. 36    Identify each of the following molecules as polar or nonpolar: 
   a.  SeF2      b.  PBr3      c.  SiF4      d.  SO2      

     10. 37    The molecule  CO2  is nonpolar, but CO is a polar molecule. 
Explain.   

     10. 38    The molecules  CH4  and  CH3Cl  both have tetrahedral shapes. 
Why is  CH4  nonpolar whereas  CH3Cl  is polar?        

     10. 6     Intermolecular Forces between 
Atoms or Molecules       
    LEarninG GoaL       Describe the intermolecular forces between ions, polar covalent 
 molecules, and nonpolar covalent molecules.  

  In gases, the interactions between particles are minimal, which allows gas molecules to 
move far apart from each other. In solids and liquids, there are sufficient interactions 
between the particles to hold them close together. Such differences in properties are 

     CorE ChEmiStry SkiLL   
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Guides to Problem Solving (GPS) illustrate 
the steps needed to solve problems.

Visually guide you 
step-by-step through 
each problem-solving 
strategy.
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   SoLUtion  

   STEP 1  State the given and needed quantities.   

  STEP 2  Write a plan to convert the given quantity to the needed quantity. 

   
grams of ice joules

Heat of
fusion   

  STEP 3  Write the heat conversion factor. 

334 J
and

1 g of H2O (s l) = 334 J

1 g H2O

1 g H2O

334 J

   STEP 4  Set up the problem and calculate the needed quantity. 

 

26.0 g H2O 8680 J (8.68 * 103 J)* =
334 J

1 g H2O

Three SFs

Three SFs

Exact Three SFs    

        StUDy ChECk  10. 10   

 In a freezer, 125 g of water at  0 °C  is placed in an ice cube tray. How much heat, in kilo-
joules, must be removed to form ice cubes at  0 °C?    

   anSWEr  

 41.8 kJ    

ANALYZE THE 
PROBLEM

Given Need Connect

260. g of ice at  0 °C joules to melt ice 
at  0 °C 

heat of fusion  

  

STEP 1

STEP 2

STEP 3

STEP 4

Guide to Using a Heat
Conversion Factor

State the given and needed
quantities.

Write a plan to convert the
given quantity to the needed
quantity.

Write the heat conversion
factor and any metric factor.

Set up the problem and
calculate the needed quantity.

    FiGUrE   10.5   ▶  (a) 
Evaporation occurs at 
the surface of a liquid. 
(b) Boiling occurs as 
bubbles of gas form 
throughout the liquid.  

  Why does water 
evaporate 
faster at 85 °C 
than at 15 °C?   

50 ºC

100 ºC: the 
boiling

point of 
water

(a) (b)

Analyze the Problems convert a word 
problem into components for problem solving. 
New Connect features specify information  
that relates the Given and Need sections.

Help you identify and 
connect the components 
within a word problem to 
set up a solution strategy.
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326 CHAPTER 10 Bonding and Properties of solids and liquids

     SamPLE ProBLEm  10. 7     Bond Polarity   

 Using electronegativity values, classify each of the following bonds as nonpolar cova-
lent, polar covalent, or ionic:   

   O ¬ K, Cl ¬ As, N ¬ N, P ¬ Br   

   try it FirSt   

   SoLUtion  

ANALYZE THE 
PROBLEM

Given Need Connect

bonds type of bonds electronegativity values

  For each bond, we obtain the electronegativity values and calculate the difference in 
electronegativity. 

Bond Electronegativity Difference Type of Bond

 O ¬ K  3.5 - 0.8 = 2.7 Ionic

 Cl ¬ As  3.0 - 2.0 = 1.0 Polar covalent

 N ¬ N  3.0 - 3.0 = 0.0 Nonpolar covalent

 P ¬ Br  2.8 - 2.1 = 0.7 Polar covalent

    StUDy ChECk  10. 7   

 Using electronegativity values, classify each of the following bonds as nonpolar cova-
lent, polar covalent, or ionic: 

   a.  P ¬ Cl      b.  Br ¬ Br      c.  Na ¬ O     

   anSWEr  

   a. polar covalent  (0.9)      b. nonpolar covalent  (0.0)      c. ionic  (2.6)     

    QUEStionS AND ProBLEmS   
 10.4 Electronegativity and Bond Polarity     

    LEarninG GoaL       Use electronegativity to determine the 
polarity of a bond.  

       10. 23    Describe the trend in electronegativity as  increases  or 
 decreases  for each of the following: 
   a. from B to F     b. from Mg to Ba     c. from F to I     

      10. 24    Describe the trend in electronegativity as  increases  or 
 decreases  for each of the following: 
   a. from Al to Cl     b. from Br to K     c. from Li to Cs     

      10. 25    What electronegativity difference ( a  to  c)  would you expect for 
a nonpolar covalent bond? 
   a. from 0.0 to 0.4     b. from 0.5 to 1.8     c. from 1.9 to 3.3     

      10. 26    What electronegativity difference ( a  to  c)  would you expect for 
a polar covalent bond? 
   a. from 0.0 to 0.4     b. from 0.5 to 1.8     c. from 1.9 to 3.3     

      10. 27    Using the periodic table, arrange the atoms in each of the 
following sets in order of increasing electronegativity: 
   a. Li, Na, K     b. Na, Cl, P     c. Se, Ca, O     

      10. 28    Using the periodic table, arrange the atoms in each of the 
following sets in order of increasing electronegativity: 
   a. Cl, F, Br     b. B, O, N     c. Mg, F, S     

      10. 29    Predict whether each of the following bonds is nonpolar 
covalent, polar covalent, or ionic: 
   a.  Si ¬ Br      b.  Li ¬ F      c.  Br ¬ F   
  d.  I ¬ I      e.  N ¬ P      f.     C ¬ P      

      10. 30    Predict whether each of the following bonds is nonpolar 
covalent, polar covalent, or ionic: 
   a.  Si ¬ O      b.  K ¬ Cl      c.  S ¬ F   
  d.  P ¬ Br      e.   Li ¬ O      f.     N ¬ S      

     10. 31    For each of the following bonds, indicate the positive end with 
 d+  and the negative end with  d-.  Draw an arrow to show the 
dipole for each. 
   a.  N ¬ F      b.  Si ¬ Br      c.  C ¬ O   
  d.  P ¬ Br      e.   N ¬ P      

     10. 32    For each of the following bonds, indicate the positive end with 
 d+  and the negative end with  d-.  Draw an arrow to show the 
dipole for each. 
   a.  P ¬ Cl      b.  Se ¬ F      c.  Br ¬ F   
  d.  N ¬ H      e.   B ¬ Cl          

Questions and Problems placed at the end  
of each section are paired. The Answers to  
the odd-numbered problems are given at the 
end of each chapter.

Encourage you to 
become involved 
immediately in the 
process of problem 
solving.
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66 CHAPTER 2 chemistry and measurements

 Each time you use a calculator, it is important to look at the original measure-
ments and determine the number of significant figures that can be used for the answer. 
You can use the following rules to round off the numbers shown in a calculator 
display.    

   Rules for Rounding Off  

1.    If the first digit to be dropped is  4 or less , then it and all following digits are simply 
dropped from the number.  

2.   If the first digit to be dropped is  5 or greater , then the last retained digit of the num-
ber is increased by 1.      

Number to Round Off Three Significant Figures Two Significant Figures

8.4234 8.42   (drop 34)  8.4   (drop 234)  

14.780 14.8   (drop 80, increase the 
 last retained digit by 1)  

15   (drop 780, increase the 
 last retained digit by 1)  

3256 3260*   (drop 6, increase 
 the last retained digit by 1, 
 add 0)    (3.26 * 103) 

3300*   (drop 56, increase 
 the last retained digit by 1, 
 add 00)    (3.3 * 103) 

*The value of a large number is retained by using placeholder zeros to replace 
dropped digits.

    SamPLE ProBLEm  2. 4   rounding off   

 Round off each of the following numbers to three significant figures: 

a.    35.7823 m  b.   0.002 621 7 L  c.    3.8268 * 103 g      

    
try it FirSt

    

   SoLUtion  

a.    To round off 35.7823 m to three significant figures, drop 823 and increase the last 
 retained digit by 1 to give 35.8 m.  

b.   To round off 0.002 621 7 L to three significant figures, drop 17 to give 0.002 62 L.  
c.   To round off  3.8268 * 103 g  to three significant figures, drop 68 and increase the last 

retained digit by 1 to give  3.83 * 103 g.        

    StUDy ChECk  2. 4   

    Round off each of the numbers in Sample Problem  2. 4 to two significant figures.       

   anSWEr  

a.    36 m  b.   0.0026 L  c.    3.8 * 103  g      

   Multiplication and Division with Measured Numbers     
  In multiplication or division, the final answer is written so that it has the same number of 
significant figures   (SFs)   as the measurement with the fewest SFs.  An example of rounding 
off a calculator display follows:    

 Perform the following operations with measured numbers: 

   
2.8 * 67.40

34.8
=    

 When the problem has multiple steps, the numbers in the numerator are multiplied and 
then divided by each of the numbers in the denominator. 

   2.8 =,*-+ +/-

SCI2nd or 3rd function key

EE or EXP

 67.40 =,*-+ +/-

SCI2nd or 3rd function key

EE or EXP

 34.8 =,*-+ +/-

SCI2nd or 3rd function key

EE or EXP

   5.422988506   =  5.4   
   Two SFs Four SFs Three SFs  Calculator  Answer, rounded 
    display  off to two SFs  

    A technician uses a calculator in the 
laboratory.     

Why does 10.07208 rounded off to 
three significant figures equal 10.1? 

 EnGaGE 

   CorE ChEmiStry SkiLL   
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Sample Problems illustrate worked-out 
solutions with explanations and required 
calculations. Study Checks associated with 
each Sample Problem allow you to check  
your problem-solving strategies with the 
Answer.

Provide the 
intermediate steps to 
guide you successfully 
through each type of 
problem.
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274 CHAPTER 8 chemical reactions

  oxidation      The loss of electrons by a substance. Oxidation may 
involve the addition of oxygen or the loss of hydrogen. 

  oxidation–reduction reaction      A reaction in which the oxidation of 
one reactant is always accompanied by the reduction of another 
reactant. 

  products      The substances formed as a result of a chemical reaction. 

  reactants      The initial substances that undergo change in a chemical 
reaction. 

  reduction      The gain of electrons by a substance. Reduction may 
involve the loss of oxygen or the gain of hydrogen. 

  single replacement reaction      A reaction in which an element 
replaces a different element in a compound.   

   The chapter section containing each Core Chemistry Skill is shown in 
parentheses at the end of each heading.   

   Balancing a Chemical Equation (8.2)  
•	    In a  balanced  chemical equation, whole numbers called coefficients 

multiply each of the atoms in the chemical formulas so that the 
number of each type of atom in the reactants is equal to the number 
of the same type of atom in the products.   

    Example:       Balance the following chemical equation: 

     SnCl4(s) + H2O(l) b Sn(OH)4(s) + HCl(aq)      

   Answer:    When we compare the atoms on the reactant side and the 
product side, we see that there are more Cl atoms in the 
 reactants and more O and H atoms in the products. 

 To balance the equation, we need to use coefficients in 
front of the formulas containing the Cl atoms, H atoms, 
and O atoms. 
			•	 Place	a	4	in	front	of	the	formula	HCl	to	give	a	total	of	

8 H atoms and 4 Cl atoms in the products. 

     SnCl4(s) + H2O(l) b Sn(OH)4(s) + 4HCl(aq)    

		•	 Place	a	4	in	front	of	the	formula		H2O  to give 8 H atoms 
and 4 O atoms in the reactants. 

     SnCl4(s) + 4H2O(l) b Sn(OH)4(s) + 4HCl(aq)    

		•	 The	total	number	of	Sn	(1),	Cl	(4),	H	(8),	and	O	(4)	
 atoms is now equal on both sides of the equation. 

     SnCl4(s) + 4H2O(l) b Sn(OH)4(s) + 4HCl(aq)        

   Classifying Types of Chemical Reactions (8.3)  

•	    Chemical reactions are classified by identifying general patterns in 
their equations.  

•	   In a combination reaction, two or more elements or compounds 
bond to form one product.  

•	   In a decomposition reaction, a single reactant splits into two or 
more products.  

•	   In a single replacement reaction, an uncombined element takes the 
place of an element in a compound.  

•	   In a double replacement reaction, the positive ions in the reacting 
compounds switch places.  

•	   In a combustion reaction, a carbon-containing compound that is the 
fuel burns in oxygen from the air to produce carbon dioxide  (CO2),  
water  (H2O),  and energy.   

    Example:     Classify the type of the following reaction: 

     2Al(s) + Fe2O3(s) b
∆

Al2O3(s) + 2Fe(l)    

   Answer:    The iron in iron(III) oxide is replaced by aluminum, which 
makes this a single replacement reaction.   

   Identifying Oxidized and Reduced Substances (8.4)  

•	    In an oxidation–reduction reaction (abbreviated  redox ), one 
reactant is oxidized when it loses electrons, and another reactant 
is reduced when it gains electrons.  

•	   Oxidation is the  loss  of electrons; reduction is the  gain  of 
 electrons.   

    Example:     For the following redox reaction, identify the reactant that 
is oxidized, and the reactant that is reduced: 

     Fe(s) + Cu2+(aq) b Fe2+(aq) + Cu(s)    

   Answer:      Fe0(s) b Fe2+(aq) + 2 e-   

  Fe loses electrons; it is oxidized. 

   Cu2+(aq) + 2 e- b Cu0(s)   

  Cu2+  gains electrons; it is reduced.    
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    UnDErStanDinG thE ConCEPtS   

   The chapter sections to review are shown in parentheses at the end of 
each question.   

8.35 		Balance	each	of	the	following	by	adding	coefficients,	and	
identify	the	type	of	reaction	for	each:				1			8.1,	8.2			2					    	

 

+

+

+

        

		8.36 			Balance	each	of	the	following	by	adding	coefficients,	and	
identify	the	type	of	reaction	for	each:				1			8.1,	8.2			2					    	

 +          

		8.37 			If	red	spheres	represent	oxygen	atoms,	blue	spheres	represent	
sulfur	atoms,	and	all	the	molecules	are	gases,				1			8.1,	8.2			2						

 

Reactants Products

       

			a. 		write	the	formula	for	each	of	the	reactants	and	products.		
		b. 		write	a	balanced	equation	for	the	reaction.		
		c. 		indicate	the	type	of	reaction	as	combination,	decomposition,	

single	replacement,	double	replacement,	or	combustion.					

 a.

b. 

 a.

b. 

Understanding the Concepts are questions 
with visual representations placed at the end 
of each chapter.

Build an understanding 
of newly learned 
chemical concepts.
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		8.38 			If	purple	spheres	represent	iodine	atoms,	white	spheres	repre-
sent	chlorine	atoms,	the	reacting	molecules	are	solid,	and	the	
products	are	gases,				1			8.1,	8.2			2						

 

Reactants Products

       
		a. 		write	the	formula	for	each	of	the	reactants	and	products.		
		b. 		write	a	balanced	equation	for	the	reaction.		
		c. 		indicate	the	type	of	reaction	as	combination,	decomposition,	

single	replacement,	double	replacement,	or	combustion.				

		8.39 			If	blue	spheres	represent	nitrogen	atoms,	purple	spheres	repre-
sent	bromine	atoms,	and	all	the	molecules	are	gases,				1			8.1,	8.2			2						

 

Reactants Products

       

			a. 		write	the	formula	for	each	of	the	reactants	and	products.		
		b. 		write	a	balanced	equation	for	the	reaction.		
		c. 		indicate	the	type	of	reaction	as	combination,	decomposition,	

single	replacement,	double	replacement,	or	combustion.									 

     8. 40    If green spheres represent chlorine atoms, yellow-green spheres 
represent fluorine atoms, white spheres represent hydrogen 
atoms, and all the molecules are gases, (8.1, 8.2, 8.3) 

     

Reactants Products

 

a.    write the formula for each of the reactants and products.  
b.   write a balanced equation for the reaction.  
c.   indicate the type of reaction as combination, decomposition, 

single replacement, double replacement, or combustion.     

     8. 41    If green spheres represent chlorine atoms, red spheres represent 
oxygen atoms, and all the molecules are gases, (8.1, 8.2, 8.3) 

     

Reactants Products

 
a.    write the formula for each of the reactants and products.  
b.   write a balanced equation for the reaction.  
c.   indicate the type of reaction as combination, decomposition, 

single replacement, double replacement, or combustion.     

     8. 42    If blue spheres represent nitrogen atoms, purple spheres 
represent iodine atoms, the reacting molecules are gases, and 
the products are solid, (8.1, 8.2, 8.3) 

     

Reactants Products

 
a.    write the formula for each of the reactants and products.  
b.   write a balanced equation for the reaction.       

    aDDitionaL QUEStionS anD ProBLEmS   

      8. 43    Identify the type of reaction for each of the following as 
 combination, decomposition, single replacement, double 
 replacement, or combustion: ( 8. 3) 
a.    Potassium reacts with chlorine gas to form potassium 

chloride.  
b.   Potassium metal and chlorine gas are obtained from 

electrolysis of molten potassium chloride.  
c.   Heating starch in oxygen produces carbon dioxide and 

water.  

        8. 44    Identify the type of reaction for each of the following as com-
bination, decomposition, single replacement, double replace-
ment, or combustion: ( 8. 3) 
a.    A compound breaks apart into its elements.  
b.   Copper and bromine form copper(II) bromide.  
c.   Iron(II) sulfite breaks down to iron(II) oxide and sulfur 

dioxide.  
d.   Silver ion from  AgNO3(aq)  forms a solid with bromide ion 

from  KBr(aq).      

Additional Questions and Problems at the 
end of each chapter provide further study 
and application of the topics from the entire 
chapter. Problems are paired and the Answers 
to the odd-numbered problems are given at the 
end of each chapter.

Promote critical 
thinking.
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     8. 45    Balance each of the following chemical equations, and identify 
the type of reaction: ( 8. 1,  8. 2,  8. 3) 
a.     NH3(g) + HCl(g) b NH4Cl(s)   
b.    C4H8(g) + O2(g) b

∆
 CO2(g) + H2O(g)   

c.    Sb(s) + Cl2(g) b SbCl3(s)   
d.    NI3(s) b N2(g) + I2(g)   
e.    KBr(aq) + Cl2(aq) b KCl(aq) + Br2(l)   
f.    Fe(s) + H2SO4(aq) b H2(g) + Fe2(SO4)3(aq)   
g.    Al2(SO4)3(aq) + NaOH(aq) b   

  Al(OH)3(s) + Na2SO4(aq)      

     8. 46    Balance each of the following chemical equations, and identify 
the type of reaction: ( 8. 1,  8. 2,  8. 3) 
a.     Si3N4(s) b Si(s) + N2(g)   
b.    Mg(s) + N2(g) b Mg3N2(s)   
c.    Al(s) + H3PO4(aq) b H2(g) + AlPO4(aq)   
d.    C3H4(g) + O2(g) b

∆
 CO2(g) + H2O(g)   

e.    Cr2O3(s) + H2(g) b Cr(s) + H2O(g)   
f.    Al(s) + Cl2(g) b AlCl3(s)   
g.    MgCl2(aq) + AgNO3(aq) b     AgCl(s) + Mg(NO3)2(aq)      

     8. 47    Predict the products and write a balanced equation for each of 
the following: ( 8. 1,  8. 2,  8. 3) 
a.    single replacement: 

 Zn(s) + HCl(aq) b ________ + ________   
b.   decomposition:  BaCO3(s) b

∆
 ________ + ________   

c.   double replacement: 
 NaOH(aq) + HCl(aq) b ________ + _________   

d.   combination:  Al(s) + F2(g) b ________      

     8. 48    Predict the products and write a balanced equation for each of 
the following: ( 8. 1,  8. 2,  8. 3) 
a.    decomposition:  NaCl(s)    b

Electricity
 ________ + ________   

b.   combination:  Ca(s) + Br2(l) b ________   

c.   combustion: 
 C2H4(g) + O2(g) b

∆
 ________ + ________   

d.   double replacement: 
 NiCl2(aq) + NaOH(aq) b ________ + ________      

     8. 49    Write a balanced equation for each of the following reactions 
and identify the type of reaction: ( 8. 1,  8. 2,  8. 3) 
a.    Sodium metal reacts with oxygen gas to form solid sodium 

oxide.  
b.   Aqueous sodium chloride and aqueous silver nitrate react to 

form solid silver chloride and aqueous sodium nitrate.  
c.   Gasohol is a fuel that contains liquid ethanol,  C2H6O,  which 

burns in oxygen gas to form two gases, carbon dioxide and 
water.     

     8. 50    Write a balanced equation for each of the following reactions 
and identify the type of reaction: ( 8. 1,  8. 2,  8. 3) 
a.    Solid potassium chlorate is heated to form solid potassium 

chloride and oxygen gas.  
b.   Carbon monoxide gas and oxygen gas combine to form 

carbon dioxide gas.  
c.   Ethene gas,  C2H4,  reacts with chlorine gas,  Cl2,  to form 

dichloroethane,  C2H4Cl2.      

     8. 51    In each of the following reactions, identify the reactant that is 
oxidized and the reactant that is reduced ( 8. 4) 
a.     N2(g) + 3H2(g) b 2NH3(g)   
b.    N2(g) + 3Mg(g) b Mg3N2(g)   
c.    2Al(s) + 6HCl(aq) b 2AlCl3(aq) + 3H2(g)      

     8. 52    In each of the following reactions, identify the reactant that is 
oxidized and the reactant that is reduced: ( 8. 4) 
a.     2Na(s) + 2H2O(l) b 2NaOH(aq) + H2(g)   
b.    4FeS(s) + 7O2(g) b 2Fe2O3(s) + 4SO2(g)   
c.    Zn(s) + Pb(NO3)2(aq) b Zn(NO3)2(aq) + Pb(g)        

    ChaLLEnGE QUEStionS   
 The following groups of questions are related to the topics in this chap-
ter. However, they do not all follow the chapter order, and they require 
you to combine concepts and skills from several sections. These ques-
tions will help you increase your critical thinking skills and prepare for 
your next exam. 

      8. 53    Balance each of the following chemical equations, and identify 
the type of reaction: ( 8. 1,  8. 2,  8. 3) 
a.     MgCO3(s) b MgO(s) + CO2(g)   
b.    C6H12O6(s) + O2(g) b CO2(g) + H2O(l)   
c.    Al(s) + CuCl2(aq) b AlCl3(aq) + Cu(s)   
d.    AgNO3(aq) + MgCl2(aq) b AgCl(s) + Mg(NO3)2(aq)      

     8. 54    Balance each of the following chemical equations, and identify 
the type of reaction: ( 8. 1,  8. 2,  8. 3) 

a.     Ba(NO3)3(aq) + H2SO4(aq) b BaSO4(s) + HNO3(aq)   
b.    KCN(aq) + H3PO4(aq) b HCN(aq) + K3PO4(aq)   
c.    PbCl2(aq) + Al(s) b AlCl3(aq) + Pb(s)   
d.    C2H2(g) + O2(g) b CO2(g) + H2O(l)      

     8. 55    Complete and balance each of the following chemical 
equations: ( 8. 1,  8. 2,  8. 3) 
a.    Single replacement:  Fe3O4(s) + H2(g) b    

b.   Combustion:  C4H10(g) + O2(g) b
∆

   
c.   Combination:  Al(s) + O2(g) b    
d.   Double replacement:  NaOH(aq) + ZnSO4(aq) b       

     8. 56    Complete and balance each of the following chemical 
equations: ( 8. 1,  8. 2,  8. 3) 
a.    Decomposition:  HgO(s) b

∆
   

b.   Double replacement:  BaCl2(aq) + AgNO3(aq) b    
c.   Single replacement:  Ca(s) + AlCl3(s) b    
d.   Combination:  Mg(s) + N2(g) b       

     8. 57    Write the correct formulas for the reactants and products, the 
balanced equation for each of the following reaction 
descriptions,   and identify each type of reaction: ( 8. 1,  8. 2,  8. 3) 
a.    An aqueous solution of lead(II) nitrate is mixed with 

aqueous sodium phosphate to produce solid lead(II) 
phosphate and aqueous sodium nitrate.  

b.   Gallium metal heated in oxygen gas forms solid gallium(III) 
oxide.  

c.   When solid sodium nitrate is heated, solid sodium nitrite 
and oxygen gas are produced.     

     8. 58    Write the correct formulas for the reactants and products, the 
balanced equation for each of the following reaction 
descriptions, and identify each type of reaction: ( 8. 1,  8. 2,  8. 3) 
a.    Solid bismuth(III) oxide and solid carbon react to form 

bismuth metal and carbon monoxide gas.  
b.   Solid sodium bicarbonate is heated and forms solid sodium 

carbonate, gaseous carbon dioxide, and liquid water.  
c.   Liquid hexane,  C6H14,  reacts with oxygen gas to form two 

gaseous products: carbon dioxide and liquid water.     

Challenge Questions at the end of each 
chapter provide complex questions. Answers 
to the odd-numbered questions are given at  
the end of each chapter.

Promote critical 
thinking, group work, 
and cooperative 
learning environments.
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Combining Ideas from Chapters 0 to 0      ComBininG iDEaS  from ChaPtErS 4 to 7    

      CI. 7    For parts  a  to  f , consider the loss of electrons by atoms of the 
element X, and a gain of electrons by atoms of the element Y. 
Element X is in Group 2A (2), Period 3, and Y is in Group 7A 
(17), Period 3.  (4.2, 5.4, 5.5, 6.2, 6.3)  

     

+++ +

X Y Y  
   a. Which element is a metal, X or Y?  
  b. Which element is a nonmetal, X or Y?  
  c. What are the ionic charges of X and Y?  
  d. Write the electron configurations of the atoms X and Y.  
  e. Write the actual formula and name of the ionic compound 

indicated by the ions.     

     CI. 8    A bracelet of sterling silver marked 925 contains 92.5% silver 
by mass and 7.5% other metals. It has a volume of  25.6 cm3  
and a density of  10.2 g/cm3.   ( 2.6, 2.8, 4.4,   7. 1,  7. 5,  7. 6)   

   a. What is the mass, in kilograms, of the sterling silver bracelet?  
  b. How many atoms of silver are in the bracelet?  
  c. Determine the number of protons and neutrons in each of 

the two stable isotopes of silver: 

   107
 47Ag  and  109

 47Ag    

  d. When silver combines with oxygen, a compound forms 
that contains 93.10% Ag by mass. What are the name and 
the molecular formula of the oxide product if the molecular 
formula is the same as the empirical formula?     

     CI. 9    Oxalic acid, a compound found in plants and vegetables such 
as rhubarb, has a mass percent composition of 26.7% C, 2.24% 
H, and 71.1% O. Oxalic acid can interfere with respiration and 
cause kidney or bladder stones. If a large quantity of rhubarb 
leaves is ingested, the oxalic acid can be toxic. The lethal dose 
 (LD50)  in rats for oxalic acid is  375 mg/kg. Rhubarb leaves 
contain about 0.5% by mass of oxalic acid.  ( 2.7,   7. 4,  7. 5,  7. 6)   

   a. What is the empirical formula of oxalic acid?  
  b. If oxalic acid has an experimental molar mass of 90. g, what 

is its molecular formula?  
  c. Using the  LD50,  how many grams of oxalic acid would be 

toxic for a 160-lb person?  
  d. How many kilograms of rhubarb leaves would the person in 

part  c  need to eat to reach the toxic level of oxalic acid?     

     CI. 10    The active ingredient in Tums is calcium carbonate. One 
Tums tablet contains 500. mg of calcium carbonate.  ( 2.7, 6.3, 
  7. 2 , 7.3  7. 4)   

   a. What is the chemical formula of calcium carbonate?  
  b. What is the molar mass of calcium carbonate?  
  c. How many moles of calcium carbonate are in one roll of 

Tums that contains 12 tablets?  
  d. If a person takes two Tums tablets, how many grams of 

calcium are obtained?  
  e. If the Daily Value (DV) for  Ca2+  to maintain bone strength 

in older women is 1500 mg, how many Tums tablets are 
needed each day?  

  f. What is the mass percent composition of calcium 
carbonate?     

     CI. 11    Tamiflu (oseltamivir),  C16H28N2O4,  is a drug that is used to 
treat influenza. The preparation of Tamiflu begins with the 
extraction of shikimic acid from the seedpods of star anise. 
From 2.6 g of star anise, 0.13 g of shikimic acid can be 
obtained and used to produce one capsule containing 75 mg of 
Tamiflu. The usual adult dosage for treatment of influenza is 
two capsules of Tamiflu daily for 5 days.  ( 2.7, 6.5,   7. 2,  7. 3,  7. 4, 
 7. 5,  7. 6)  

   

      Silver is a shiny metal that tarnishes 
easily, is a good conductor of heat, 
and can be shaped into objects.   

      Rhubarb leaves are a 
source of oxalic acid.   

      The active ingredient in 
Tums neutralizes excess 
stomach acid.   

      The spice called star 
anise is a plant source 
of shikimic acid.   

      Shikimic acid is the 
basis for the antiviral 
drug in Tamiflu.   

Combining Ideas are sets of integrated 
problems placed after every two to four 
chapters that are useful as practice exams. 
Answers to the odd-numbered problems are 
given at the end of each Combining Ideas.

Test your understanding 
of the concepts from 
previous chapters by 
integrating topics.
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Tools to engage students in chemistry  
and show them how to solve problems
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resources
Basic Chemistry, fifth edition, provides an integrated teaching and learning package of support 
material for both students and professors.

Name of Supplement
Available 
in Print

Available 
Online

Instructor or 
Student 
Supplement Description

MasteringChemistry® 
(www.masteringchemistry 
.com) 

✓ Resource for 
Students and 
Instructors

MasteringChemistry® from Pearson is the leading online teaching and 
learning system designed to improve results by engaging students 
before, during, and after class with powerful content. Ensure that 
students arrive ready to learn by assigning educationally effective 
content before class, and encourage critical thinking and retention with 
in-class resources such as Learning Catalytics. Students can further 
master concepts after class through traditional homework assignments 
that provide hints and answer-specific feedback. The Mastering 
gradebook records scores for all automatically graded assignments 
while diagnostic tools give instructors access to rich data to assess 
student understanding and misconceptions.

Pearson eText ✓ Resource for 
Students

The fifth edition of Basic Chemistry features a Pearson eText enhanced 
with media within Mastering. In conjunction with Mastering 
assessment capabilities, Videos, and animations will improve student 
engagement and knowledge retention. Additionally, the Pearson eText 
offers students the power to create notes, highlight text in different 
colors, create bookmarks, zoom, and view single or multiple pages.

Instructor’s Solutions 
Manual–Download Only

✓ Resource for 
Instructors

Prepared by Mark Quirie, the solutions manual highlights chapter 
topics, and includes answers and solutions for all questions and 
problems in the text.

Instructor Resource 
Materials–Download Only

✓ Resource for 
Instructors

Includes all the art, photos, and tables from the book in JPEG format 
for use in classroom projection or when creating study materials and 
tests. In addition, the instructors can access modifiable PowerPoint™ 
lecture outlines. Also available are downloadable files of the 
Instructor’s Solutions Manual and a set of “clicker questions” designed 
for use with classroom-response systems. Also visit the Pearson 
Education catalog page for Timberlake’s Basic Chemistry, fifth edition, 
at www.pearsonglobaleditions.com/timberlake to download available 
instructor supplements.

TestGen Test Bank–
Download Only 

✓ Resource for 
Instructors

Prepared by William Timberlake, this resource includes more than 
2000 questions in multiple-choice, matching, true/false, and short-
answer format.

Laboratory Manual by 
Karen Timberlake 

✓ Resource for 
Students

This best-selling lab manual coordinates 35 experiments with the 
topics in Basic Chemistry, fifth edition, uses laboratory investigations  
to explore chemical concepts, develop skills of manipulating 
equipment, reporting data, solving problems, making calculations,  
and drawing conclusions.

Online Instructor Manual 
for Laboratory Manual

✓ Resource for 
Students

This manual contains answers to report sheet pages for the Laboratory 
Manual and a list of the materials needed for each experiment with 
amounts given for 20 students working in pairs, available for download 
at www.pearsonglobaleditions.com/timberlake.
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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.

26

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.

Highlighting Relevancy  
and Applications

concept map 51

    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
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a Group
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called
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starting with

Identifying
Place Values

Using Positive and
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Solving Equations
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Graphs
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between Standard

Numbers and
Scientific Notation

   

    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   

    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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1.5 Writing numbers in scientific notation 49

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.

     

1.5 Writing numbers in scientific notation 49

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.

     

1.3 learning chemistry: a study Plan 37

     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
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Interactive videos
Interactive videos and demonstra-
tions help students through some 
of the more challenging topics by 
showing how chemistry works in 
real life and introducing a bit of 
humor into chemical problem solv-
ing and demonstrations. Topics 
include Using Conversion Factors, 
Balancing Nuclear Equations, and 
Chemical v. Physical Change.
Sample Calculations walk students 
through the most challenging chem-
istry problems and provide a fresh 
perspective on how to approach 
individual problems and plan solu-
tions. Topics include Using Con-
version Factors, Mass Calculations 
for Reactions, and Concentration of 
Solutions.

Green play button icons appear 
in the margins throughout the 
text. In the eText, the icons link 
to new interactive videos that 

the student can use to clarify and rein-
force important concepts. All Interac-
tive Videos are available in web and 
mobile-friendly formats through the 
eText, and are assignable activities in 
MasteringChemistry.

44 CHAPTER 1 chemistry in Our lives

   If you cancel a symbol or number by dividing, you need to divide both sides by that 
same symbol or number.  

   If you cancel a symbol or number by multiplying, you need to multiply both sides by 
that same symbol or number.    

 When we work with temperature, we may need to convert between degrees Celsius 
and degrees Fahrenheit using the following equation: 

   TF = 1.8(TC) + 32   

 To obtain the equation for converting degrees Fahrenheit to degrees Celsius, we subtract 
32 from both sides. 

    TF = 1.8(TC) + 32  

   TF - 32 = 1.8(TC) + 32 - 32  

   TF - 32 = 1.8(TC)   

 To obtain  TC  by itself, we divide both sides by 1.8. 

   
TF - 32

1.8
=

1.8(TC)

1.8
= TC   

    SamPLE ProBLEm  1. 5     Solving Equations   

   Solve the following equation for  V2:    

   P1V1 = P2V2   

Solving Equations

Interactive video

    try it FirSt    

   SoLUtion  

   P1V1 = P2V2   

 To solve for  V2,  divide both sides by the symbol  P2.  

    
P1V1

P2
=

P2V2

P2
  

   V2 =
P1V1

P2
     

    StUDy ChECk  1. 5   

 Solve the following equation for  m : 

   heat = m * ∆T * SH    

   anSWEr  

   m =
heat

∆T * SH
     

   Interpreting Graphs    
  A graph represents the relationship between two variables. These quantities are plotted 
along two perpendicular axes, which are the x axis (horizontal) and y axis (vertical). 

   Example  
 In the graph Volume of a Balloon Versus Temperature, the volume of a gas in a balloon is 
plotted against its temperature.   

   Title  
 Look at the title. What does it tell us about the graph? The title indicates that the volume of 
a balloon was measured at different temperatures.  
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95 96.8 98.6 100.4 102.2 104

°C °C

°F °F

      A plastic strip thermometer changes 
color to indicate body temperature.   
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Dynamic Study Modules
Help students quickly learn chemistry!
Now assignable, Dynamic Study Modules (DSMs) 
enable your students to study on their own and be 
better prepared with the basic math and chemistry 
skills needed to succeed in the course. The mobile 
app is available for iOS and Android devices for 
study on the go and results can be tracked in the 
MasteringChemistry gradebook.

MasteringChemistry® from Pearson is the leading online teaching and learning system designed to 
improve results by engaging students before, during, and after class with powerful content. Instruc-
tors may ensure that students arrive ready to learn by assigning educationally effective content before 
class, and encourage critical thinking and retention with in-class resources such as Learning Catalyt-
ics. Students can further master concepts after class through traditional homework assignments that 
provide hints and answer-specific feedback. The Mastering gradebook records scores for all automat-
ically graded assignments while diagnostic tools give instructors access to rich data to assess student 
 understanding and misconceptions.

Mastering brings learning full circle by continuously adapting to each student and making learn-
ing more personal than ever—before, during, and after class.

Reading Quizzes
Reading Quizzes give instructors the 
opportunity to assign reading and test 
students on their comprehension of 
chapter content.

Before Class

28

MasteringChemistry®

A01_TIMB8046_05_SE_FM.indd   28 09/28/16   2:35 PM



During Class

After Class
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Learning Catalytics
Learning Catalytics is a “bring your own device” stu-
dent engagement, assessment, and classroom intelli-
gence 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.

• Manage student interactions with intelligent 
grouping and timing.

Tutorials and Coaching
Students learn chemistry by practicing chemistry.

Tutorials, featuring specific wrong-answer feedback, 
hints, and a wide variety of educationally effective 
content, guide your students through the toughest 
topics in Basic Chemistry.
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