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To the Student

As you begin this course, I invite you to think about your
reasons for enrolling in it. Why are you taking general
chemistry? More generally, why are you pursuing a college
education? If you are like most college students taking general
chemistry, part of your answer is probably that this course is
required for your major and that you are pursuing a college
education so you can get a good job some day. Although these
are good reasons, I would like to suggest a better one. I think
the primary reason for your education is to prepare you to live
a good life. You should understand chemistry—not for what it
can get you—but for what it can do to you. Understanding
chemistry, I believe, is an important source of happiness and
fulfillment. Let me explain.

Understanding chemistry helps you to live life to its full-
est for two basic reasons. The first is intrinsic: through an un-
derstanding of chemistry, you gain a powerful appreciation
for just how rich and extraordinary the world really is. The
second reason is extrinsic: understanding chemistry makes
you a more informed citizen—it allows you to engage with
many of the issues of our day. In other words, understanding
chemistry makes you a deeper and richer person and makes
your country and the world a better place to live. These rea-
sons have been the foundation of education from the very
beginnings of civilization.

How does chemistry help prepare you for a rich life and
conscientious citizenship? Let me explain with two exam-
ples. My first one comes from the very first page of Chapter 1
of this book. There, I ask the following question: What is the
most important idea in all of scientific knowledge? My an-
swer to that question is this: the behavior of matter is de-
termined by the properties of molecules and atoms.
That simple statement is the reason I love chemistry. We hu-
mans have been able to study the substances that compose
the world around us and explain their behavior by reference
to particles so small that they can hardly be imagined. If you
have never realized the remarkable sensitivity of the world we
can see to the world we cannot, you have missed out on a fun-
damental truth about our universe. To have never encoun-
tered this truth is like never having read a play by Shakespeare
or seen a sculpture by Michelangelo—or, for that matter, like
never having discovered that the world is round. It robs you
of an amazing and unforgettable experience of the world and
the human ability to understand it.

My second example demonstrates how science literacy
helps you to be a better citizen. Although I am largely sympa-
thetic to the environmental movement, a lack of science lit-
eracy within some sectors of that movement and the resulting
anti-environmental backlash create confusion that impedes

xxii

real progress and opens the door to what could be misin-
formed policies. For example, I have heard conservative pun-
dits say that volcanoes emit more carbon dioxide—the most
significant greenhouse gas—than does petroleum combus-
tion. I have also heard a liberal environmentalist say that we
have to stop using hairspray because it is causing holes in the
ozone layer that will lead to global warming. Well, the claim
about volcanoes emitting more carbon dioxide than petro-
leum combustion can be refuted by the basic tools you will
learn to use in Chapter 4 of this book. We can easily show that
volcanoes emit only 1/50th as much carbon dioxide as petro-
leum combustion. As for hairspray depleting the ozone layer
and thereby leading to global warming, the chlorofluorocar-
bons that deplete ozone have been banned from hairspray
since 1978, and ozone depletion has nothing to do with global
warming anyway. People with special interests or axes to grind
can conveniently distort the truth before an ill-informed pub-
lic, which is why we all need to be knowledgeable.

So this is why I think you should take this course. Not
just to satisfy the requirement for your major, and not just
to get a good job some day, but to help you to lead a fuller
life and to make the world a little better for everyone. I wish
you the best as you embark on the journey to understand
the world around you at the molecular level. The rewards
are well worth the effort.

To the Professor

First and foremost, thanks to all of you who adopted this
book in its previous editions. You helped to make this book
one of the most popular general chemistry textbooks in the
world. I am grateful beyond words. Second, I have listened
carefully to your feedback on the previous edition. The
changes you see in this edition are the direct result of your
input, as well as my own experience using the book in my
general chemistry courses. If you have reviewed content or
have contacted me directly, you will likely see your sugges-
tions reflected in the changes I have made. Thank you.

Some of the most exciting changes in this edition are in
the media associated with the book. I have added approxi-
mately 57 new Key Concept Videos and 61 new Interactive
Worked examples to the media package. You can see a more de-
tailed description of these videos in the following section enti-
tled What’s New in This Edition. This means that you now have
alibrary of over 150 interactive videos to enhance your course.
In my courses, I use these videos to implement a before, during,
dafter strategy for my students. My goal is simple: Engage students
in active learning before class, during class, and after class. To that
end, I assign a key concept video before each class session.



The video introduces students to a key concept for that day and
gets them thinking about it before they come to class. During
class, I expand on the concept and use Leaning Catalytics to
question my students. Instead of passively listening to a lec-
ture, they are interacting with the concepts through questions
that I pose. Some of these questions are answered individually;
other times I have them pair up with a partner. This approach
has changed my classroom. Students engage in the material in
new ways. They have to think and process and interact. It is
deeply satisfying for me to see my students so engaged. Finally,
after class, I give them another assignment, often an interactive
worked example with a follow-up question. At this point, they
have to apply what they have learned to solve a problem.

The results have been fantastic. My students are enjoying
the process because they are engaged before, during, and after
class rather than only looking at material the night before a
problem set is due. I have seen evidence of their improved
learning through increases in their scores on the American
Chemical Society Standard General Chemistry Exam, which I
always administer as the final exam for my course.

Although we have added exciting new media elements
and made other changes to the book, the book’s goal re-
mains the same: to present a rigorous and accessible treatment
of general chemistry in the context of relevance. Teaching gen-
eral chemistry would be much easier if all of our students
had exactly the same level of preparation and ability. But
alas, that is not the case. Even though I teach at a relatively
selective institution, my courses are populated with stu-
dents with a range of backgrounds and abilities in chemis-
try. The challenge of successful teaching, in my opinion, is
figuring out how to instruct and challenge the best students
while not losing those with lesser backgrounds and abili-
ties. My strategy has always been to set the bar relatively
high, while at the same time providing the motivation and
support necessary to reach the high bar. That is exactly the
philosophy of this book. We do not have to compromise
away rigor in order to make chemistry accessible to our stu-
dents. In this book, I have worked hard to combine rigor
with accessibility—to create a book that does not dilute the
content, yet can be used and understood by any student
willing to put in the necessary effort.

Chemistry: A Molecular Approach is first and foremost a
student-oriented book. My main goal is to motivate students
and get them to achieve at the highest possible level. As we all
know, many students take general chemistry because it is a
requirement; they do not see the connection between chem-
istry and their lives or their intended careers. Chemistry: A
Molecular Approach strives to make those connections consis-
tently and effectively. Unlike other books, which often teach
chemistry as something that happens only in the laboratory
or in industry, this book teaches chemistry in the context of
relevance. It shows students why chemistry is important to
them, to their future careers, and to their world.

Second, Chemistry: A Molecular Approach is a pedagogi-
cally driven book. In seeking to develop problem-solving
skills, a consistent approach (Sort, Strategize, Solve, and
Check) is applied, usually in a two- or three-column format.
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In the two-column format, the left column shows the stu-
dent how to analyze the problem and devise a solution strat-
egy. It also lists the steps of the solution, explaining the
rationale for each one, while the right column shows the
implementation of each step. In the three-column format,
the left column outlines the general procedure for solving
an important category of problems that is then applied to
two side-by-side examples. This strategy allows students to
see both the general pattern and the slightly different ways
in which the procedure may be applied in differing contexts.
The aim is to help students understand both the concept of
the problem (through the formulation of an explicit concep-
tual plan for each problem) and the solution to the problem.

Third, Chemistry: A Molecular Approach is a visual book.
Wherever possible, I use images to deepen the student’s in-
sight into chemistry. In developing chemical principles, mul-
tipart images help show the connection between everyday
processes visible to the unaided eye and what atoms and mol-
ecules are actually doing. Many of these images have three
parts: macroscopic, molecular, and symbolic. This combina-
tion helps students to see the relationships between the for-
mulas they write down on paper (symbolic), the world they
see around them (macroscopic), and the atoms and molecules
that compose that world (molecular). In addition, most fig-
ures are designed to teach rather than just to illustrate. They
are rich with annotations and labels intended to help the stu-
dent grasp the most important processes and the principles
that underlie them. The resulting images are rich with infor-
mation but also uncommonly clear and quickly understood.

Fourth, Chemistry: A Molecular Approach is a “big picture”
book. At the beginning of each chapter, a short paragraph
helps students to see the key relationships between the dif-
ferent topics they are learning. Through a focused and con-
cise narrative, I strive to make the basic ideas of every chapter
clear to the student. Interim summaries are provided at se-
lected spots in the narrative, making it easier to grasp (and
review) the main points of important discussions. And
to make sure that students never lose sight of the forest for
the trees, each chapter includes several Conceptual Connec-
tions, which ask them to think about concepts and solve
problems without doing any math. I want students to learn
the concepts, not just plug numbers into equations to churn
out the right answer. This philosophy is also integral to the
Key Concept Videos, which concisely reinforce student appre-
ciation of the core concepts in each chapter.

Chemistry: A Molecular Approach is lastly a book that de-
livers the depth of coverage faculty want. We do not have to
cut corners and water down the material in order to get our
students interested. We have to meet them where they are,
challenge them to the highest level of achievement, and sup-
port them with enough pedagogy to allow them to succeed.

I hope that this book supports you in your vocation of
teaching students chemistry. I am increasingly convinced of
the importance of our task. Please feel free to email me with
any questions or comments about the book.

Nivaldo J. Tro
tro@westmont.edu
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What’s New in This Edition?

The book has been extensively revised and contains more
small changes than can be detailed here. The most significant
changes to the book and its supplements are listed below:
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* NEW! Chapter 12: Solids and Modern Materials. This
chapter contains new topics and consolidates content
on materials that was found in other parts of the book
in previous editions into one new chapter. All chapters
beyond Chapter 12 have been renumbered.

* With the help of my colleagues, Thomas Greenbowe
(University of Oregon), Kristin Ziebert (Oregon State Uni-
versity), and Michael Everest (Westmont College), I have
added two new categories of end-of-chapter questions
designed to help students build what we call “twenty-
first-century skills.” The first new category of questions is
Data Interpretation and Analysis. These questions present
real data in real-life situations and ask students to analyze
that data. These in-depth exercises give students much
needed practice in reading graphs, digesting tables, and
making data-driven decisions. The second new category
of questions is Questions for Group Work. Our group work
questions give students the opportunity to work with
their peers in small groups. The questions can be used in
or out of the classroom, but the idea is to foster collabora-
tive learning and to encourage students to work together
as a team to solve problems.

e Ihave added approximately 57 new Key Concept Videos
and 61 new Interactive Worked Examples to the media
package that accompanies the book. (Since the previ-
ous edition had 40 Interactive worked examples, there
is now a total of 158 interactive videos.) These tools are
designed to help professors engage their students in ac-
tive learning. Recent research has conclusively demon-
strated that students learn better when they are active in
the learning process, as opposed to passively listening
and simply taking in content. The Key Concept Videos
are brief (two to five minutes), and each introduces a key
concept from a chapter. The student does not just pas-
sively listen to the video; the video stops in the middle
and poses a question to the student. The student must
answer the question before the video continues. Each
video also includes a follow-up question that is assign-
able in MasteringChemistry ™. The Interactive Worked
Examples are similar in concept, but instead of explain-
ing a key concept, they walk the student through one
of the in-chapter worked examples from the book. Like
the Key Concept Videos, Interactive Worked Examples
stop in the middle and force the student to interact
by completing a step in the example. The examples
also have a follow-up question that is assignable in
MasteringChemistry™. The power of interactivity to
make connections in problem solving is immense. I did
not quite realize this power until we started creating the
Interactive Worked Examples and I saw how I could use
the animations to make connections that are just not
possible on the static page.

* There are approximately 21 new Conceptual Connection
questions throughout the book.

e All the data throughout the book have been updated to
reflect the most recent measurements available. These
updates include Figure 4.2 Carbon Dioxide in the Atmo-
sphere; Figure 4.3 Global Temperatures; Figure 4.25 U.S.
Energy Consumption; the unnumbered figure in Section
6.10 of U.S. Energy Consumption; Figure 6.12 Energy Con-
sumption by Source; Table 6.6 Changes in National Average
Pollutant Levels, 1980-2013; Table 14.4 Change in Pollutant
Levels; Figure 14.19 Ozone Depletion in the Antarctic Spring;
Figure 16.15 Sources of U.S. Energy; Figure 16.16 Acid Rain;
and Figure 16.18 U.S. Sulfur Dioxide Pollutant Levels.

e Example 4.13 Writing Equations for Acid-Base Reactions
Involving a Strong Acid and Example 14.2 Determining the
Order and Rate Constant of a Reaction have been expanded.

* New worked examples have been added, including Exam-
ple 4.14 Writing Equations for Acid-Base Reactions Involving
a Weak Acid; Example 18.2 Calculating AS for a Change of
State; Example 12.2 Calculating the Packing Efficiency of a
Unit Cell; and Example 12.3 Relating Unit Cell Volume, Edge
Length, and Atomic Radius.

» Several chapter-opening sections and (or) the corre-
sponding art, including Sections 1.1, 2.1, 5.1, 16.1, and
17.1, have been replaced or modified.

¢ New information about Thermoluminescent Dosimeters,
including new Figure 20.7, has been added.

* A definition and explanation for the heat (or enthalpy)
of sublimation have been added to Section 11.6.

* A new section (Section 18.4) on the Entropy Changes
Associated with State Changes has been added. This section
also includes expanded coverage on reversible and irre-
versible processes.

e Several sections in Chapter 20: Radioactivity and Nuclear
Chemistry have been modified, including Sections 20.3
and 20.5 and Tables 20.1 and 20.4.

e Approximately 40 end-of-chapter problems (in addition
to over 40 new problems that have been added to new
Chapter 12) have been added or modified.
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21st Century Skills

Tro’s approach to General Chemistry addresses 21st century skKills,
including the ability to analyze and interpret data and the capacity
to work well in groups. Concepts are covered in a thorough and

approachable manner, which ensures that every explanation is relevant
and helps students see the real-world importance and applications of
Chemistry. Students can learn concepts and build skills through
numerous resources for use before, during, and after class.

Data Interpretation and Analysis

UV Radiation and Sunscreen

114, On awvage sunbight shines on the susface of Eanh with an
Imensity of 910 Wars/m®, Some of this energy i3 In the ipm
of ulwiolet (UV) mdlaton. The compounds in chemical
SUNSCRENS ADIOM WILAVICIC MY AN MIE e ENNTEY 35
lowesenergy Infraed (IR) @y, thereby proventing the skis-

eiCEs 10 UV-A (320400 o) 3nd UV-B (280320 am) peo-

wction in Figure ab-
Hses i

mmmm (ZEHMC), & UV.D sun.
soreen, and sevephe halylidenedicamphor sulioaic ackd (TDEA),

g the

. Calculse the enegy absorbed by TDSA at b maximum

UV nay s, You may auvA
Chemical
Sumscresn Compound Fermuta M (g oty follow inig questions:
CaaM3a0u5; 56210
saifonk; ack) {TDS4)

mm CagMaeOy 20039

A Flnul?! = Chemical Formula and Molar Mass | 44) of

Found in

Omganic wogethe
hat can Vi and e, MAKIG MOR ENergy States avall
able. Asa pesul,

anion i elements o, nmmmwam
wange of Fgure DY plos

JeagA for Z-EHMC and TOSA. Groaeer a0S0fance Indkaees
move Nght

0.6

UV-B UV-A
05 1

04
5 2-EHMC ’)
03

i N
1 B WED S

o2 \

wpd

o =

absorpuion S0t one phown of UV adiation.

b. Calculaee the energy absorbed Dy 2-EHMC at 16 maximum
absorpion for one phown of UV mdlation.

© Which absorbs mose energy, 2-EHMC of TDSA, at thel
FESPECHTE MATHTIM WVl

4. Why am these Vo compounds commonly included n
Sufscmen procucu?

2o

‘pom 1 sun ot 1.00 how.
mmwmmmmmmxmﬂ
Photons/ mever® [%c. ASIume an average wavelengh of
330 nm n oder w0 calculive (he enegy of 3 UV phowon.

L

TDSA
and ZEHMC wp UV.A and
UV.E s for L.0O hour, W many molecules of TDSA and
ZEHMC muoe be present on the sin? Assume one molecule

of TDEA and one mokicule 2.EHMC can sach absort 10,000
Phowns per howr. Assume te PROWN fate 1§ the same & in
parte.
& Calculase the mass of TDSA and 2-EHMC in grams that must
pans ¢ and fin

OOt 1O PIOMNE U SIN.

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

190 300 310 320 330 30 350 M0 370 380 30 &

Wavelength (nm)
A FIGURE b mm

L

Data Interpretation and Analysis

Heavy Metals In Recycled Paper Packages

142 Demand for Cycid paper has INCreased & CONRIMES Nave

The goal of the Manufacturer is t0 FduCE the amount of
neavy metals—especially lead—in the mcycled paper it peoduc.
3 and selli. From Masch w0 May, the manuiacrurer varkd the

Decome mose aware of the Issues

waste disposal. Peper 5 a natural qw mawerdal made fom
enewabile wood and planes. Recycled paper is made from waste
mm paperboand. Both new paper and recycled paper

n month 1o RiCh mth.
od would produce paper with the lowest mewl coatent. Each
month, with

an area of 1.000dm* and a thickness of 00500 cm. The sechal.

7
mmwmmmmmmmum
© the inks used for prindng or adding color w0 the original
poper Mewl can migmwe fom the poper pacikaging and

008 0 et 1

18 controlied and moniored 1 rduce the exposure of humans
0 heavy mewls.

Food agencies ia each country Omermine the Bmit of cad-
mium, A, nickel, 400 copper in packaging maerlals Mos
countries impose a lmit of heavy mewls in mcycled paper ot
0 exceed 1000 ppm of 1000 mg/kg. The leit for lad in egg,
frult., Of vegeable-packaging 1s Kwer—not 10 exceed—20.0
/iy, The table n Figuse 3V Lists the sesults of the analyshs of
smpies of recycled paper produced by & manuiactuer duringa
thsee-month period.

March EA) a5 044 L7 23
ol a2 8 oo L] 2
My ar 24 (1 LS my

A FIGURE = Heavy Metal Values in Three Samples of
Recycled Paper (mg/kg + 0.1)

of the mmples 15 800.0 + 0.0245 kg/m?,

Use the informanion provided ke the Agure 10 ansves the

#ollcw n g questions:

o Didthe company mduce bead in
between March and May?

. Which metal wias not seduced?

. Each month's
process. Which p
Bctures Choose year while
additonal processes am weeed! Wiy?

@ What Is the of the five the Apdl
Samphe (0 Mg, )"

@ What Is the total mass (io mg) of the five meals §of the Apeil
sampie found in the 1.000 dm® x Q0500 cm sample?

f. Lead has four stablle isotopes: =4Pb, P, 27, =9ph with
% abundances of 1.40, 24.10, 22.10, and 52.40, respectively.

the ) of **Fb in the ph
£ Skeech the mass spectrum for lead.




21st Century Skills

Questions for Group Work

Discuss these questions with the group and 1ecodd your consensus

answer.

148. Assign one of the theee simple gas laws t0 each member of your
group. For the assigned gas law, have each member write two
equations, draw a geaph, and describe it in a complete sentence.
Have each group member present his Of her law to the group.

149. Review the ideal gas law. Without seferring back to the wext, use
algebm to write the ideal gas kaw and solve for each of the indi.
vidual variables it contains. Have each group member solve for
a different vagiable and present answers to the group.

150. Hydrogen peroxide (HyO;) decomposes in the presence of a cat-
alyst w form water and oxy gen. The catalystis added to 5.00 mL
of a hydrogen percaxide solution at 25.0 °C, and 49.5 mL of gasis
collected over water at a ol pressuse of 763.8 mmHg.

A Write and balance the chemical reaction (note: catalysts do
not appear in talanced chemical equations).

b. Look up the vapor pressue Oof water under these conditions.

€. Whatis the partial pressuse of oxy gen collected over the
water?

d. How many moles of oxygen are collected?

Active Classroom Learning

e. How many grams of hydrogen peroxide wese in the origl-
nal sample?

f. 'Whatis the concentration (in mol /L) Of the hydrogen
peroxide solution?

£ Which part of this process is conceprually most dificult for
your group?

151. A box contains equal amounts of hellum, argon, and Krypton
(an gases) at 25 °C. Using complete sentences, dascribe the tem-
pemtures, masses, average velocitles, and average Kinetic energy
of the three knds of gas in the mixture. What do they have in
common? What are the differences? How are these properties
relared?

152, Calculate the pressure exerted by 1 mol of an ideal gas in a bax
that is 0.500 L and 298 K Have each group member calculate
the pressure of 1 mol of the following gases in the same box at
the same temperture: He, Ne, Hy, CH,, and CO,. Compare
group members’ answers as well as all answers with the pressuse
of an ideal gas. Assuming that the van der Waals equation pre.
dictions are accurate, account for why the pressure of each gasis
higher or lower than that predicred for an ideal gas.

Questions for Group Work

Discuss these questions with the group and 1ecord your Consensus

answer.

130. Have each member 0f yOur ioup fepresent an atom of a metal
or an atom of a nonmetal. Each group member holds a coin o
fepresent an electron. Which group members afe most feluc-
tant to give up their electrons? Which group members are most
willing 0 give up their electtons? Determine which Xind of
bond could form between each pait of group members. Tabu.-
Iate your results.

131. Spend a few minutes reviewing the Lewis dot symbols for the
atoms H through Ne. Form a ciscle and have each group mem-
Der ask the group member on his or her right to dfaw the Lewis

symbol for a specific atom. Keep going around until éach group

Active Classroom Learning

member can write all the Lewis dot symbols for the atoms H
through Ne. Determine the formal charge for eéach symbol Ina
complete sentence of ovo, describe why they are all the same.

132. Draw the Lewls dot symbols for the atoms Al and O. Use the
Lewis model to determine the formula ©or the compound
formed from these two atoms.

133, Draft a list of step.by-step instructions r writing the comect
Lewis dot structuse for any molecule of polyatomic jon.

134. Pass a piece of paper around the group and ask each group
member in tuin O periomm the next swep in the process of detetr-
mining a correct Lawis structuse (including formal charges on
all atoms and fesonance structuses, if appropriate) r the fol-
lowing molecules and ions: NyH,, CCl,, CO5%-, and NHg*.

A

NEW! questions for Group Work give students the
opportunity to work with their peers in small groups. The
questions can be used in or out of the classroom, and
the goal is to foster collaborative learning and encourage
students to work together as a team to solve problems.
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Interactive Problem-Solving Strategy

A unique and consistent step-by-step format encourages
logical thinking throughout the problem-solving process,

driving students to think through problems critically,
rather than to simply memorize formulas.

(@) after adding 30.00 mL of HNOy
SOLUTION

moles) from the volume and molarity of the NaOH
solution. Because NaOH s a strong base, it dissoct-
ates completely, so the amount of OH™ tsequal to
the amount of NaOH.

Calculate the amount of HNOy (In moles) added at
30,0 mL from the molarity of the HNOjy solution.

As HNO, Is added to the solution, it neutralizes
some of the OH ™. Calculate the number of moles
of OH ~ remalning by setting upa table based on
the neutralization reaction that shows the amount
of OH ~ before the addition, the amount of HyO™
added, and the amounts left after the addition.

Calculate the OH ~ concentration by dividing the
amount of OH™ remalning by the total volne
(inttial volume plus added volume).

Calculate the pOH from [OH ")

Calculate the pH from the pOH using the equation
pH + pOH = 14

(b

-

pletely neutralized the strong acid. The [H;O") at
25°C from the lonization of water is 1.00 x 10°7M
and the pH s therefore 7.00.

(a) Begin by calculating the initial amount of NaOH (In

At the equivalence point, thestrong base has com-

FOR PRACTICE 17.6  Calculate the pH in the titration in Example 17.6 after the addition of 60.0 mL of 0.200 M H)

|3 &7 [V CAEl  Strong Acld-Strong Base Titratlon pH Curve | 2

A 50.0-mL sample of 0.200 M sodium hydroxide is titrated with 0.200 M nitric acid. Calculate pH:
(b) attheequivalence polnt

0.200 mol

moles NaOH = 0.0500K x 1L

= 0,0100 mol
molesOH™ = 0,0100 mol

0.200 1
mol HNO; added = 0.0300L X T"‘“

= 0,00600 mol HNOy

OH (aq) + Hi0*(ag) — 2 HO()

Before addition | 0.0100 mol - 0.00 mol
Addition = 0.00600 mol
Aftor oddition | 0.0040 mol | 0.00 mol
= 0.0040 mol
[OH"] = 56500 L + 0.0300L
= 0.0500M

pOH = ~log(0.0500)
=130
pH — 14 — pOH
- 14-130
- 1270

pH = 7.00

NEW! 61 Interactive Worked Examples P>

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

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

v

O

m|

s

=L
=

Strong Acid-Strong Base Titrakion pH Corve

ol NoOH = 0.0500 1 9@
= 0.0100 mol
moles 01 = 0.0100 nol
(.200 mol

moles HNO; added = 0.0300 L x T

= 000600 mol HNO;

0000l e

K1 = 55500 L 00300 1

Colculate: (o) the pH ofter adding 50.00 ml of HNO;

A 50.0-mL somple of 0.200 N sodiom hydroxide is titrated with 0.200 M nitric acid.

0(og + H0"Go9 — ZH0(D

Before addition ~ 0.0100 mol ~ =0.00 mol
Addtion 0.00600 mol
Ater addtion 00060 mol  =0.00 mol

What is the pH of the solution ot this point?
o) 00500

b) 1.30

c) 1270
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A Focus on Conceptual Understanding

e

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

v

K:.,C\' Electron Configurations

Electron Configurations

General Energy Ordering of Orbitals for Nultielectron Atoms
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NEW!
Chapter 12—Solids and Modern Materials

This chapter contains new topics and consolidates content on materials
that was found in other parts of the book in previous editions into one
new chapter. New and consolidated topics include unit cells, carbon

and silicates, ceramics, cement, glass, polymorphs, polyethylene, and the
band gap in Group 4A elements.

CHAPTER

Solids and Modern "
Materials R AAA A A A .,.'

.-'1._..-'4..- .r.., "L, -:.z'J." ':._ .

Should we not suppose that in the formation of
a crystal, the particles are not only established
in rows and columns set in regular figures, but
also by means of some polar property have
turned identical sides in identical directions?
—ISAAC NEWTON (1642-1727)

Friday Night Experiments: The 12.6 Network Covalent Atomlic Sollds:
Discovery of Graphene 000 Carbon and Sliicates 000

X-Ray Crystaliography 000 12.7 Ceramics, Cement, and Glass 000
3 Unit Cells and Basic 12.8 Semlconductors and Band
Structures 000 Theory 000
The Fundamental Types of 12.9 Polymers and Plastics 000
Cryst:illlns Solids 000 KEY LEARNING OUTCOMES 000
;x::';;g"m odini 12.1 Friday Night Experiments:
The Discovery of graphene

I 2000, (1958 ¥ L 1074} were mwarded the Nobel
Prize in Physics for the discovery of 3 ne 2l

known matetial {only one atom thick); it is also the strongest. It conducts heat and
electricity, it is transparent, and it including

helium. Although its many possible -wlx-lliwu are yet 10 be realized, graphene may
one day be ultrat hiin light panels,




Active and Adaptive

MasteringChemistry is the leading online homework, tutorial, and assessment
system, designed to improve results by engaging students before, during, and
after class with powerful content. Instructors can ensure students arrive ready
to learn by assighing educationally effective content before class, and

encourage critical thinking and retention with in-class resources. Students ' ;
can further master concepts after class through traditional and adaptive - ..
homework assighments that provide hints and answer-specific feedback.

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

e
@I } BEFORE CLASS
A4

PEARSON

QUESTION 4 ANSWER

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

r—
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T P b it e & it et
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Ao v

Mg thi trm: Starctord Vi Risomzest

Parta
Laaining Goal: Calculsin thw st ot oltzaang vl o cperatans
Tha gest oy wamcia a 15 sderstand the

mpnarce ol and Coveithy agly orver of

pamom Kot sttt 3 empreasicms T Expruns your smawer an an integer,

MEE -+ 0w
3

Ixl+ P -2

Incormect: Try Again ||

o) R NEW! The Chemistry Primer is a
esknlaton) er of Operations
= ax2+4@-6+2 | (Ax2+(3-6)+2 <« series of tutorials focused on remedi-
_8 p q ) 7{ - ating students in preparation for their
- first college chemistry course. The
8 o primer is offered as a pre-built assign-

ment automatically generated as a
default assignment with every newly
created General Chemistry Course.




Learning Catalytics™ generates class discussion, }

guides lecture, and promotes peer-to-peer learning

with real-time analytics. MasteringChemistry with

eText now provides Learning Catalytics—an

interactive student response tool that uses

students’ smartphones, tablets, or laptops to

engage them in more sophisticated tasks and

thinking. Instructors can:

* Pose a variety of open-ended questions that
help students develop critical thinking skills

* Monitor responses to find out where students
are struggling

¢ Use real-time data to adjust instructional
strategy and try other ways of engaging
students during class

¢ Manage student interactions by automatically
grouping students for discussion, teamwork,
and peer-to-peer learning

e
@I \ DURING CLASS
Vour®

>

Volume added

Questions for Group Work

Tools for active learning have been enhanced
throughout the book, allowing students to dive
into material in an engaging and effective way.

v

Questions for Group Work

Discuss these questions with the group and record your consensus
answer.

140, Have each group memberwrie a problem iavolving the transfer
of beat from one material in Table 6.4 to another material in the

141

table. Working as a group, solve each problem. The group mem.-
ber who wiote each problem may act as the group facilitator
when the group I working on his or her problem. What do all of
your problems have in common? How do they differ?

Chssity each process as endothermic of erothermic. What is
the sign of A H for each process? Explain your answers.

a. gasoline burning In an eagine

b. swam condensing on a miror

€. wawet boiling ina pot

Provide at least two additional examples of exothermic process.
£5 and two acdditional examples Of endothermic processes, Have
each member ofyour group provide an example,

142. A propane tank on a home barbeque contains 10.4 x 107 g of

propane.

a. Write the balanced chemical reaction for the combustion
of gaseous propane (CzHg) 10 form watervapor and gaseous
carbon dicxide.

b. Use the value for A, provided in the text 1 calculate the
otal amount of heat procdhuced when the entise contents of
the tank of propane is bumed.

143,

Active Classroom Learning

€. What mass of water could be warmed from 25 °C t© 100°C
with this much heat?

Solid carbon, Cfs, graphite), gaseous hydrogen, H,(g), and the
sugat glucose, CeHz0(s) are all bugned with axygen in a calo-
rimeter, and the amountof heat given off is determined for each
process. How can these data be used o determine the heat of
formation of ghucose? Your answer should include both chemi.
cal reactions and complewe sentences.

Consider the decomposition of lquid hydrogen peroxide

(Hz0) to form water and oxygen.

What is the heat of formation for hydsogen peraxide?

. ‘What is the heat of formation for 1xquid water?

. What is the heat of formation ot gaseous axygen? Why?

. Wrie the balanced chemical equations that correspond to

the AH values you looked up for parts a, b, and ¢.

Wiite the balanced chemical equation for the decomposition
of hydrogen peroxide to form water and cxygen. (Wite the
equation such that the coefficient on oxygen 1s 1)

What is the heat Of feaction fof the process in part e?

&. Dmw a scale diagmm of this seaction (1 cm=100 KJ) that
shows the relative energies Of reactants (on the left), prod-
ucts (on the right), and the elements in thelr most swablke
states (in the midde). Label all the energies you kaow.

> pogp
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4 Chemesal CUInToes Bna Aguecas i Exercise 4 34 wiih feedback
e Type: Encof-Chagter | Difficulty: 1 | Time: '4m | Lsoming Ouicomes - | B8 Comact the Publnher  Manage this hem: | Standaed View Randomasd
Exercisa 4 34 with feadback ]
Part A
Pt chmnng || 2K + CH) -+ 2KOW <« NEW! In this edition, 200 more
mlm:mmuum Expeass your answer asing four significant figures. :
escnt : end of chapter problems now contain
You may want to efersnce (L3 Daoes 140 - 145) ﬁ "rOo® 7 4o .
i S s oo 6 ] p wrong answer specific feedback with
m= |16.63 .
e BT links to the eText.
Incomect; Try Again
Check the cosficients of the balanced reaction. Thire are 2 moles of KCl formed for every mole of
Cly that reacts.
Part B
2K(s) + Besl) —+ 2 KBr(s)
Exprons your anwer wsing lour sigmifican figures.
OEE -~ » o=
e
Self-Assessment Quizzes now contain wrong- } Self-Assessment Quiz
. ‘ortial i the Bydeogen anm?
answer feedback links to the eText, and an BasBr=tme-l  BA=3i=m=-1
o QAa=XimOme0 Aamyimm=l
additional 10-15 multiple-choice questions e i
= . grones energy per phowoa!
authored in the ACS-exams and MCAT style in ——, ® ponr ML chria L fogodok ool
] 9 Xap @) vime lght = ° ]
each chapter. These improvements help b0 honfeescer | oo ey —-—

. . . . . = 10" 104 Ny—1u LE s}
students optimize the use of quizzing to improve g o 300y 2:;_::-_’-3_ ey @3 —
their understanding and class performance. - i s -

0 333 ¥ 10%s ) 300 x 0%
- WEOCHY (2148 oW QL. Wich Orbbed b8 ofbvhal?
o A<B=C B B<C<A L3 . .
Q C<BeA ) A<C<B 5
0 28 x10"m L1
= ~ oy 2@
) 381 % 10-¥m d) Nooe of U sbove
Wom Ole 'w )z @ by Wy 'y BT 01 seRwY

@ Usse the Following activity to collect the data pooded 1o determine the density of different
metals,

= Click and hold the Prepure. known volume of weier betion. Noke the il volume, 4 Multimedia-rich Tutorials feature
= Sclect a metal.
Peur iy ey S e specific wrong-answer feedback,
s wpdidylint g R T hints, and a wide variety of
-Mlh?‘."wi?WI:rrl 2 1o dei [ ity of i i
¥ o pmoiesnidnirr- aelrsrieprn d BRE educationally effective content
chser R S to guide your students through
1 ! the toughest topics in chemistry.
o s - [ weishoutment ] ;
e - SIS —— . The hallmark Hints and Feedback
i = offer instruction similar to what
oo & "1 il volume : .
S e e e *1 | ‘2usac students would experience in an
M- oo ‘ . ° office hours visit, allowing them
- e - to learn from their mistakes
5 =S without being given the answer.




'MasteringChemistry™ for Instructors
www.masteringchemistry.com

The Mastering platform was developed by scientists for science students

and instructors. Mastering has been refined from data-driven insights
derived from over a decade of real-world use by faculty and students.

MasteringChemistry®

Gradebook
o Manags  F Yiaw Laarming Quisemas Summa 4 Gradebook

Every assignment is

Flten - | Shoving Score in All Catugasies foe All Students

Scorn | Time || Dameuity

Studcts o pog: | |00 5 automatically graded.
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hat do you think is the most important idea in all of human knowledge?

There are, of course, many possible answers to this question—some practical,

some philosophical, and some scientific. If we limit ourselves only to scien-
tific answers, mine would be this: the properties of matter are determined by
the properties of atoms and molecules. Atoms and molecules determine how
matter behaves—if they were different, matter would be different. The properties of
water molecules determine how water behaves, the properties of sugar molecules deter-
mine how sugar behaves, and the properties of the molecules that compose our bodies
determine how our bodies behave. The understanding of matter at the molecular level
gives us unprecedented control over that matter. For example, our understanding of
the details of the molecules that compose living organisms has revolutionized biology
over the last 50 years.

1.1 Atoms and Molecules

As I'sat in the “omnimover” and listened to the narrator’s voice telling me that I was
shrinking down to the size of an atom, I grew apprehensive but curious. Just min-
utes before, while waiting in line, I witnessed what appeared to be full-sized humans
entering a microscope and emerging from the other end many times smaller. I was
seven years old, and I was about to ride Adventure Thru Inner Space, a Disneyland ride

A This image portrays the
Disneyland ride, Adventure Thru
Inner Space. The premise of the
ride is that you enter a microscope
and get shrunk down to the size of
an atom. The red and white
spheres shown here depict oxygen
and hydrogen atoms bound
together to form water molecules.

Atoms and Molecules




Water molecule

Oxygen
atom

Hydrogen
atoms

The hydrogen peroxide we use as
an antiseptic or bleaching agent is
considerably diluted.

The term atoms in this definition
can be interpreted loosely to include
atoms that have lost or gained
electrons.
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(in Tomorrowland) that simulated the process of shrinking down to the size of an
atom. The ride began with darkness and shaking, but then the shaking stopped and
giant snowflakes appeared. The narrator explained that you were in the process of
shrinking to an ever-smaller size (which explains why the snowflakes grew larger
and larger). Soon, you entered the wall of the snowflake itself and began to see water
molecules all around you. These also grew larger as you continued your journey into
inner space and eventually ended up within the atom itself. Although this Disney-
land ride bordered on being corny, and although it has since been shut down, it was
my favorite ride as a young child.

That ride sparked my interest in the world of atoms and molecules, an interest that
has continued and grown to this day.  am a chemist because I am obsessed with the con-
nection between the “stuft” around us and the atoms and molecules that compose that
stuff. More specifically, I love the idea that we humans have been able to figure out the
connection between the properties of the stuff around us and the properties of atoms and
molecules. Atoms are sub-microscopic particles that are the fundamental building
blocks of ordinary matter. Free atoms are rare in nature; instead they bind together in
specific geometrical arrangements to form molecules. A good example of a molecule is
the water molecule, which I remember so well from the Disneyland ride.

A water molecule is composed of one oxygen atom bound to two hydrogen atoms in
the shape shown at left. The exact properties of the water molecule—the atoms that
compose it, the distances between those atoms, and the geometry of how the atoms are
bound together—determine the properties of water. If the molecule were different, water
would be different. For example, if water contained two oxygen atoms instead of just
one, it would be a molecule like this:

Hydrogen peroxide molecule

Oxygen
atoms

Hydrogen
atoms

This molecule is hydrogen peroxide, which you may have encountered if you have
ever bleached your hair. A hydrogen peroxide molecule is composed of two oxygen
atoms and two hydrogen atoms. This seemingly small molecular difference results in a
huge difference in the properties of water and hydrogen peroxide. Water is the familiar
and stable liquid we all drink and bathe in. Hydrogen peroxide, in contrast, is an unsta-
ble liquid that, in its pure form, burns the skin on contact and is used in rocket fuel.
When you pour water onto your hair, your hair simply becomes wet. However, if you put
diluted hydrogen peroxide on your hair, a chemical reaction occurs that strips your hair
of its color.

The details of how specific atoms bond to form a molecule—in a straight line, ata
particular angle, in a ring, or in some other pattern—as well as the type of atoms in the
molecule, determine everything about the substance that the molecule composes. If
we want to understand the substances around us, we must understand the atoms and
molecules that compose them—this is the central goal of chemistry. A good simple
definition of chemistry is

Chemistry—the science that seeks to understand the behavior of
matter by studying the behavior of atoms and molecules.

Throughout this book, we explore the connection between atoms and molecules and
the matter they compose. We seek to understand how differences on the atomic or
molecular level affect the properties on the macroscopic level. Before we move on, let’s
examine one more example that demonstrates this principle. Consider the structures of
graphite and diamond shown on the next page.



1.2 The Scientific Approach to Knowledge

Graphite is the slippery black substance
(often called pencil lead) that you have probably
used in a mechanical pencil. Diamond is the
brilliant gemstone found in jewelry. Graphite
and diamond are both composed of exactly the
same atoms—carbon atoms. The striking differ-
ences between the substances are a result of how
those atoms are arranged. In graphite, the atoms
are arranged in sheets. The atoms within each
sheet are tightly bound to each other, but the
sheets are not tightly bound to other sheets.

Graphite structure

Therefore the sheets can slide past each other,
which is why the graphite in a pencil leaves a
trail as you write. In diamond, by contrast, the
carbon atoms are all bound together in a three-
dimensional structure where layers are strongly
bound to other layers, resulting in the strong,
nearly unbreakable substance. This example
illustrates how even the same atoms can com-
pose vastly different substances when they are bound together in different patterns.
Such is the atomic and molecular world—small differences in atoms and molecules can
result in large differences in the substances that they compose.

1.2 The Scientific Approach to Knowledge

Throughout history, humans have approached knowledge about the physical world in
different ways. For example, the Greek philosopher Plato (427-347 B.C.E.) thought that
the best way to learn about reality was not through the senses but through reason. He
believed that the physical world was an imperfect representation of a perfect and tran-
scendent world (a world beyond space and time). For him, true knowledge came not
through observing the real physical world, but through reasoning and thinking about
the ideal one.

The scientific approach to knowledge, however, is exactly the opposite of Plato’s.
Scientific knowledge is empirical—it is based on observation and experiment. Scientists
observe and perform experiments on the physical world to learn about it. Some obser-
vations and experiments are qualitative (noting or describing how a process happens),
but many are quantitative (measuring or quantifying something about the process). For
example, Antoine Lavoisier (1743-1794), a French chemist who studied combustion
(burning), made careful measurements of the mass of objects before and after burning
them in closed containers. He noticed that there was no change in the total mass of
material within the container during combustion. In doing so, Lavoisier made an
important observation about the physical world.

Observations often lead scientists to formulate a hypothesis, a tentative interpreta-
tion or explanation of the observations. For example, Lavoisier explained his observations
on combustion by hypothesizing that when a substance burns, it combines with a com-
ponent of air. A good hypothesis is falsifiable, which means that it makes predictions that
can be confirmed or refuted by further observations. Scientists test hypotheses by experi-
ments, highly controlled procedures designed to generate observations that confirm or
refute a hypothesis. The results of an experiment may support a hypothesis or prove it
wrong—in which case the scientist must modify or discard the hypothesis.

In some cases, a series of similar observations leads to the development of a scien-
tific law, a brief statement that summarizes past observations and predicts future ones.
Lavoisier summarized his observations on combustion with the law of conservation
of mass, which states, “In a chemical reaction, matter is neither created nor destroyed.”
This statement summarized his observations on chemical reactions and predicted the

Diamond structure

Although some Greek philosophers,
such as Aristotle, did use observation
to attain knowledge, they did

not emphasize experiment and
measurement to the extent that
modern science does.

A French chemist Antoine Lavoisier
with his wife, Marie, who helped
him in his work by illustrating

his experiments and translating
scientific articles from English.
Lavoisier, who also made significant
contributions to agriculture,
industry, education, and government
administration, was executed during
the French Revolution.

(The Metropolitan Museum of Art)
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In Dalton’s time, people thought
atoms were indestructible. Today,
because of nuclear reactions, we
know that atoms can be broken apart
into their smaller components.

V FIGURE 1.1 The Scientific
Approach to Knowledge

outcome of future observations on reactions. Laws, like hypotheses, are also subject to
experiments, which can support them or prove them wrong.

Scientific laws are not laws in the same sense as civil or governmental laws. Nature
does not follow laws in the way that we obey the laws against speeding or running a stop
sign. Rather, scientific laws describe how nature behaves—they are generalizations about
what nature does. For that reason, some people find it more appropriate to refer to them
as principles rather than laws.

One or more well-established hypotheses may form the basis for a scientific theory.
A scientific theory is a model for the way nature is and tries to explain not merely what
nature does but why. As such, well-established theories are the pinnacle of scientific
knowledge, often predicting behavior far beyond the observations or laws from which
they were developed. A good example of a theory is the atomic theory proposed by
English chemist John Dalton (1766-1844). Dalton explained the law of conservation of
mass, as well as other laws and observations of the time, by proposing that matter is com-
posed of small, indestructible particles called atoms. Since these particles are merely rear-
ranged in chemical changes (and not created or destroyed), the total amount of mass
remains the same. Dalton’s theory is a model for the physical world—it gives us insight
into how nature works and, therefore, explains our laws and observations.

Finally, the scientific approach returns to observation to test theories. For example,
scientists can test the atomic theory by trying to isolate single atoms or by trying to
image them (both of which, by the way, have already been accomplished). Theories are
validated by experiments; however, theories can never be conclusively proven because
some new observation or experiment always has the potential to reveal a flaw. Notice
that the scientific approach to knowledge begins with observation and ends with obser-
vation. An experiment is in essence a highly controlled procedure for generating critical
observations designed to test a theory or hypothesis. Each new set of observations has
the potential to refine the original model. Figure 1.1 ¥ summarizes one way to map the
scientific approach to knowledge. Scientific laws, hypotheses, and theories are all sub-
ject to continued experimentation. If a law, hypothesis, or theory is proved wrong by an
experiment, it must be revised and tested with new experiments. Over time, the scien-
tific community eliminates or corrects poor theories and laws, and valid theories and
laws—those consistent with experimental results—remain.

Established theories with strong experimental support are the most powerful
pieces of scientific knowledge. You may have heard the phrase “That is just a theory,” as
if theories are easily dismissible. Such a statement reveals a deep misunderstanding of
the nature of a scientific theory. Well-established theories are as close to truth as we get
in science. The idea that all matter is made of atoms is “just a theory,” but it has over
200 years of experimental evidence to support it. It is a powerful piece of scientific
knowledge on which many other scientific ideas are based.

One last word about the scientific approach to knowledge: some people wrongly
imagine science to be a strict set of rules and procedures that automatically leads to
inarguable, objective facts. This is not the case. Even our diagram of the scientific
approach to knowledge is only an idealization of real science, useful to help us see the

The Scientific Approach
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key distinctions of science. Real science requires hard work, care, creativity, and even
a bit of luck. Scientific theories do not just arise out of data—men and women of
genius and creativity craft theories. A great theory is not unlike a master painting,
and many see a similar kind of beauty in both. (For more on this aspect of science, see
the box below entitled Thomas S. Kuhn and Scientific Revolutions.)

Laws and Theories Which statement best explains the difference between a law
and a theory?

1.3 The Classification of Matter
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(a) Alawis truth; a theory is mere speculation.

(b) Alaw summarizes a series of related observations; a theory gives the underlying

reasons for them.

(c) Atheory describes what nature does; a law describes why nature does it.

The Nature or Science

Thomas S. Kuhn and Scientific Revolutions

hen scientists talk about science, they often talk in
ways that imply that theories are “true.” Further, they

talk as if they arrive at theories in logical and unbiased ways.

For example, a theory central to chemistry that we have
discussed in this chapter is John Dalton’s atomic theory—
the idea that all matter is composed of atoms. Is this theory
“true”? Was it reached in logical, unbiased ways? Will this
theory still be around in 200 years?

The answers to these questions depend on how we view
science and its development. One way to view science—let’s
call it the traditional view—is as the continual accumulation
of knowledge and the building of increasingly precise
theories. In this view, a scientific theory is a model of the
world that reflects what is actually in nature. New
observations and experiments result in gradual adjustments
to theories. Over time, theories get better, giving us a more
accurate picture of the physical world.

In the twentieth century, a different view of scientific
knowledge began to develop. A book by Thomas Kuhn
(1922-1996), published in 1962 and entitled The Structure
of Scientific Revolutions, challenged the traditional view.
Kuhn’s ideas came from his study of the history of science,
which, he argued, does not support the idea that science
progresses in a smooth cumulative way. According to Kuhn,
science goes through fairly quiet periods that he called
normal science. In these periods, scientists make their data
fit the reigning theory, or paradigm. Small inconsistencies are
swept aside during periods of normal science. However, when
too many inconsistencies and anomalies develop, a crisis

1.3 The Classification of Matter

emerges. The crisis brings about a revolution and a new
reigning theory. According to Kuhn, the new theory is usually
quite different from the old one; it not only helps us to make
sense of new or anomalous information, but it also enables
us to see accumulated data from the past in a dramatically
new way.

Kuhn further contended that theories are held for
reasons that are not always logical or unbiased, and that
theories are not true models—in the sense of a one-to-one
mapping—of the physical world. Because new theories are
often so different from the ones they replace, he argued, and
because old theories always make good sense to those
holding them, they must not be “True” with a capital T;
otherwise “truth” would be constantly changing.

Kuhn's ideas created a controversy among scientists and
science historians that continues to this day. Some, especially
postmodern philosophers of science, have taken Kuhn’s ideas
one step further. They argue that scientific knowledge is
completely biased and lacks any objectivity. Most scientists,
including Kuhn, would disagree. Although Kuhn pointed out
that scientific knowledge has arbitrary elements, he also said,
“Observation . .. can and must drastically restrict the range of
admissible scientific belief, else there would be no science.” In
other words, saying that science contains arbitrary elements is
quite different from saying that science itself is arbitrary.

QUESTION

In his book, Kuhn stated, “A new theory . . . is seldom or
never just an increment to what is already known.” From your
knowledge of the history of science, can you think of any
examples that support Kuhn’s statement? Do you know of any
instances in which a new theory or model was drastically
different from the one it replaced?

M Classifying Matter

Matter is anything that occupies space and has mass. Your desk, your chair, and even
your body are all composed of matter. Less obviously, the air around you is also matter—it
too occupies space and has mass. We call a specific instance of matter—such as air, water,
or sand—a substance. We classify matter according to its state (its physical form) and
its composition (the basic components that make it up).
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The States of Matter: Solid, Liquid, and Gas

The state of matter changes from Matter exists in three different states: solid, liquid, and gas. In solid matter, atoms
solid to liquid to gas with increasing or molecules pack closely to each other in fixed locations. Although the atoms and
temperature. molecules in a solid vibrate, they do not move around or past each other. Conse-
quently, a solid has a fixed volume and rigid shape. Ice, aluminum, and diamond
are examples of solids. Solid matter may be crystalline, in which case its atoms or
molecules are in patterns with long-range, repeating order (Figure 1.2<), or it may be

Glass and other amorphous solids . . .
amorphous, in which case its atoms or molecules do not have any long-range order.

can be thought of, from one point of

view, as intermediate between solids Table salt and diamond are examples of crystalline solids; the well-ordered geometric
and liquids. Their atoms are fixed in shapes of salt and diamond crystals reflect the well-ordered geometric arrangement
position at room temperature, but of their atoms (although this is not the case for all crystalline solids). Examples of

they have no long-range structure and
do not have distinct melting points.

amorphous solids include glass and plastic. In liquid matter, atoms or molecules pack
about as closely as they do in solid matter, but they are free to move relative to each
other, giving liquids a fixed volume but not a fixed shape. Liquids assume the shape
of their containers. Water, alcohol, and gasoline are all substances that are liquids at
room temperature.

Crystalline Solid:
Regular
three-dimensional pattern

Diamond
C (s, diamond)

A FIGURE 1.2 Crystalline
Solid Diamond (first discussed
in Section 1.1) is a crystalline

solid composed of carbon atoms

arranged in a regular, repeating

pattern.
A In a solid, the atoms or molecules are fixed in place and can only vibrate. In a liquid,
although the atoms or molecules are closely packed, they can move past one another, allowing
the liquid to flow and assume the shape of its container. In a gas, the atoms or molecules are

widely spaced, making gases compressible as well as fluid (able to flow).

In gaseous matter, atoms or molecules have a lot of space between them and are free
to move relative to one another, making gases compressible (Figure 1.3»). When you
squeeze a balloon or sit down on an air mattress, you force the atoms and molecules into
a smaller space so that they are closer together. Gases always assume the shape and vol-
ume of their containers. Substances that are gases at room temperature include helium,
nitrogen (the main component of air), and carbon dioxide.



1.3 The Classification of Matter 7

< FIGURE 1.3 The Compressibility
of Gases Gases can be
compressed—squeezed into a smaller
volume—because there is so much
empty space between atoms or
molecules in the gaseous state.

Solid—not compressible Gas—compressible

Classifying Matter according to Its Composition:
Elements, Compounds, and Mixtures

In addition to classifying matter according to its state, we classify it according to its com-
position, as shown in the following chart:

E
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All known elements are listed in the
periodic table in the inside front cover

of this book.
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The first division in the classification of matter is between a pure substance and a mixture.
A pure substance is made up of only one component, and its composition is invariant (it
does not vary from one sample to another). The components of a pure substance can be indi-
vidual atoms or groups of atoms joined together. For example, helium, water, and table salt
(sodium chloride) are all pure substances. Each of these substances is made up of only one
component: helium is made up of helium atoms, water is made up of water molecules, and
sodium chloride is made up of sodium chloride units. The composition of a pure sample of
any one of these substances is always exactly the same (because you can’t vary the composi-
tion of a substance made up of only one component).

A mixture, by contrast, is composed of two or more components in proportions
that can vary from one sample to another. For example, sweetened tea, composed pri-
marily of water molecules and sugar molecules (with a few other substances mixed in), is
a mixture. We can make tea slightly sweet (a small proportion of sugar to water) or very
sweet (a large proportion of sugar to water) or any level of sweetness in between.

We categorize pure substances themselves into two types—elements and compounds—
depending on whether or not they can be broken down (or decomposed) into simpler
substances. Helium, which we just noted is a pure substance, is also a good example of an
element, a substance that cannot be chemically broken down into simpler substances.
Water, also a pure substance, is a good example of a compound, a substance composed
of two or more elements (in this case hydrogen and oxygen) in a fixed, definite propor-
tion. On Earth, compounds are more common than pure elements because most ele-
ments combine with other elements to form compounds.

We also categorize mixtures into two types—heterogeneous and homogeneous—
depending on how uniformly the substances within them mix. Wet sand is a
heterogeneous mixture, one in which the composition varies from one region of
the mixture to another. Sweetened tea is a homogeneous mixture, one with the
same composition throughout. Homogeneous mixtures have uniform compositions
because the atoms or molecules that compose them mix uniformly. Heterogeneous
mixtures are made up of distinct regions because the atoms or molecules that compose
them separate. Here again we see that the properties of matter are determined by the
atoms or molecules that compose it.

Classifying a substance according to its composition is not always obvious and
requires that we either know the true composition of the substance or are able to test it
in a laboratory. For now, we focus on relatively common substances that you are likely to
have encountered. Throughout this course, you will gain the knowledge to understand
the composition of a larger variety of substances.

Pure Substances and Mixtures Letasmall circle represent an atom of one
type of element and a small square represent an atom of a second type of element. Make
a drawing of (a) a pure substance (a compound) composed of the two elements (in a
one-to-one ratio), (b) a homogeneous mixture composed of the two elements, and (c) a
heterogeneous mixture composed of the two elements.

Separating Mixtures

Chemists often want to separate a mixture into its components. Such separations can be
easy or difficult, depending on the components in the mixture. In general, mixtures are
separable because the different components have different physical or chemical proper-
ties. We can use various techniques that exploit these differences to achieve separation.
For example, we can separate a mixture of sand and water by decanting—carefully
pouring off—the water into another container. A homogeneous mixture of liquids can
usually be separated by distillation, a process in which the mixture is heated to boil
off the more volatile (easily vaporizable) liquid. The volatile liquid is then recondensed
in a condenser and collected in a separate flask (Figure 1.4»). If a mixture is composed
of an insoluble solid and a liquid, we can separate the two by filtration, in which the
mixture is poured through filter paper in a funnel (Figure 1.5»>).
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Distillation Filtration
Stirring rod
Most volatile component \
boils first. Mixture of liquid '
= and solid

Cooling

awater out
= Mixture of liquids

with different
boiling points

Cooling
water in

Condenser

Filter paper
traps solid.

Liquid component
passes through
and is collected.

A FIGURE 1.5 Separating
Substances by Filtration A solid and
liquid mixture can be separated by
pouring the mixture through a funnel
containing filter paper designed to
allow only the liquid to pass.

Vapor collected
as pure liquid

A FIGURE 1.4 Separating Substances by Distillation When a liquid mixture is heated, the
component with the lowest boiling point vaporizes first, leaving behind less volatile liquids or
dissolved solids. The vapor is then cooled, condensing it back to a liquid, and collected.

1.4 Physical and Chemical Changes and
Physical and Chemical Properties

Every day we witness changes in matter: ice melts, iron rusts, gasoline burns, fruit ripens,
and water evaporates. What happens to the molecules or atoms that compose these sub-
stances during such changes? The answer depends on the type of change. Changes that
alter only state or appearance, but not com-
position, are physical changes. The atoms
or molecules that compose a substance do not to gaseous state: physical change.
change their identity during a physical change.
For example, when water boils, it changes its
state from a liquid to a gas, but the gas remains
composed of water molecules, so this is a physi-
cal change (Figure 1.6»>).

> FIGURE 1.6 Boiling, a Physical

Change When water boils, it turns into a gas but
does not alter its chemical identity—the water
molecules are the same in both the liquid and
gaseous states. Boiling is a physical change, and
the boiling point of water is a physical property.




