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List of Elements with Their Symbols and Atomic Masses

Element

Actinium
Aluminum
Americium
Antimony
Argon
Arsenic
Astaline
Barium
Berkelium
Beryllium
Bismuth
Bohrium
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copernicium
Copper
Curium
Darmstadtium
Dubnium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Flerovium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Hassium
Helium
Holmium
Hydrogen
Indium
Lodine
Iridium
Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Livermorium
Lutetium
Magnesium
Manganese
Meitnerium

“Mass of longest-lived or most important isotope.

Atomic
Symbol Number
Ac 89
Al 13
Am 95
Sh 51
Ar 18
As 33
At 85
Ba 56
Bk 97
Be 4
Bi 83
Bh 107
B 5
Br 35
Cd 48
Ca 20
Cf 98
¢ 6
Ce 58
Cs 55
Cl 17
Cr 24
Co 27
Cn 112
Cu 29
Cm 96
Ds 110
Db 105
Dy 66
Es 99
Er 68
Eu 63
Fm 100
Fl 114
F 9
Fr 87
Gd 64
Ga 31
Ge 32
Au 79
Hf 72
Hs 108
He 2
Ho 67
H I
In 49
1 53
Ir 7T
Fe 26
Kr 36
La 57
Lr 103
Pb 82
Li 3
Lv 116
Lu 71
Mg 12
Mn 25
Mt 109

Atomic
Mass

227.03*
26.98
243.06*
121.76
39.95
74.92
209.99*
137.33
247.07°

9.012
208.98
264.12°

10.81
79.90
112.41
40.08
251.08*
12.01
140.12
132.91
35.45
52.00
58.93
277°
63.55
247.07°
2717
262.11*
162.50
252.08°
167.26
151.96
257.10%
289°
19.00
223.02°
157.25
69.72
72.64
196.97
178.49
269.13*

4.003
164.93

1.008
114.82
126.90
192.22

55.85

83.80
138.91
262.11°
207.2

6.941
292*
174.97

2431
54.94
268.14*

Element

Mendelevium
Mercury
Molybdenum
Moscovium
Neodymium
Neon
Neptunium
Nickel
Nihonium
Niobium
Nitrogen
Nobelium
Oganesson
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Roentgenium
Rubidium
Ruthenium
Rutherfordium
Samarium
Scandium
Seaborgium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Tennessine
Terbium
Thallium
Thorium
Thulium

Tin

Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium

Zinc
Zirconium

Symbol

Md
Hg
Mo
Mc
Nd
Ne
Np
Ni
Nh
Nb
N
No
Og
Os
O
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rg
Rb
Ru
Rf
Sm
Sc
Sg
Se
Si
Ag
Na
Sr
S
Ta
Te
Te
Ts
Th
TI
Th
Tm
Sn
Ti
W
u
v
Xe
Yh
Y
Zn
Zr

Atomic
Number

101
80
42

115
60
10
93
28

113
41

7

102

118
76

46
15
78
94
84
19
59
61
91
88
86
75
45
111
37

104
62
21

106
34
14
47
11
38
16
73
43
52

117
65
81
90
69
50
22
74
92
23
54
70
39
30
40

Atomic
Mass

258.10°
200.59
05.96
289
14424
20.18
237.05"
58.69
284
92.91
14.01
259.10
294
190.23
16.00
106.42
30.97
195.08
244.06°
208.98"
39.10
140.91
145°
231.04
226.03
222.02°
186.21
102.91
272°
85.47
101.07
261.11°
150.36
44.96
266.12"
78.96
28.09
107.87
22.99
87.62
32.07
180.95
08"
127.60
294
158.93
204.38
232.04
168.93
118.71
47.87
183.84
238.03
50.94
131.293
173.05
88.91
65.38
91.22
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Preface

TO THE STUDENT

As you begin this course, think about your reasons for enroll-
ing in it. Why are you taking general chemistry? Why are you
pursuing a university or college education at all? If you are like
most students taking general chemistry, part of your answer is
probably that this course is required for your major or you are
pursuing your education so that you can get a job some day.
Although these are both good reasons, we think there is a better
one. The primary reason for an education is to prepare you Lo
live a good life. You should understand chemistry—not for what
it can get you—but for what it can do for you. Understanding
chemistry is an important source of happiness and fulfillment.

Understanding chemistry helps you to live life to its fullest
for two basic reasons. The first is intrinsic: Through an under-
standing of chemistry, you gain a powerful appreciation for just
how rich and extraordinary the world really is. For example,
one of the most important ideas in science is that the behav-
iour of matter is determined by the properties of molecules
and atoms. With this knowledge, we have been able to study
the substances that compose the world around us and explain
their behaviour by reference to particles so small that they can
hardly be imagined. It you have never realized the remarkable
sensitivity of the world we can see to the world we cannot, you
have missed out on a fundamental truth about our universe. 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. Scientific literacy helps you under-
stand and discuss in a meaningful way important issues from
the development of the oil sands in Alberta (Chapter 6) to how
the production of pharmaceuticals and personal care products
affects our environment and our bodies (Chapter 12). In other
words, understanding chemistry makes you a deeper and richer
person and makes your country and the world a better place o
live. These reasons have been the foundation of education from
the very beginnings of civilization.

So this is why we think you should take this course and
why we 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.

The Strengths of Chemistry:

A Molecular Approach

Chemistry: A Molecular Approach is first and foremost a
student-oriented book. The main goal of the book 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
arequirement; they do not see the connection between chemistry
and their lives or their intended careers. Chemistry: A Molecu-
lar Approach strives to make those connections consistently 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

Xviii

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 is applied (Sort, Strategize, Solve, and
Check), usually in a two- or three-column format. In the two-
column format, the left column shows the student how to ana-
Iyze the problem and devise a solution strategy. It also lists the
steps of the solution and explains 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 con-
texts. The aim is to help students understand both the concept of
the problem (through the formulation of an explicit conceptual
plan for each problem) and the solution to the problem.

Third, Chemistry: A Molecular Approach is a visual book.
Wherever possible, images are used to deepen the student’s
insight into chemistry. In developing chemical principles. mul-
tipart images help to 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 combination helps
students to see the relationships between the formulas 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 figures are designed to
teach rather than just to illustrate. They include annotations and
labels intended to help the student grasp the most important
processes and the principles that underlie them. The resulting
images are rich with information but also uncommonly clear
and quickly understood.

Fourth, Chemistry: A Molecular Approach is a “big pic-
ture” book. At the beginning of each chapter, a short paragraph
helps students to see the key relationships between the differ-
ent topics they are learning. A focused and concise narrative
helps make the basic ideas of every chapter clear to the student.
Interim summaries are provided at selected spots in the nar-
rative, 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 sev-
eral Conceptual Connections, which ask them to think about
concepts and solve problems without doing any math. The idea
is for students to learn the concepts, not just plug numbers into
equations to churn out the right answer.

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

The Canadian Edition

Chemistry: A Molecular Approach, by Nivaldo J. Tro, is widely
used in general chemistry courses at colleges and universities



across North America. So, why do we need a Canadian edi-
tion? The short answer is that general chemistry courses in
Canada are different from those in the United States. First-year
chemistry curricula in Canada are generally at a higher level
than what is seen south of the border. There is a need for a
strong chemistry textbook that serves Canadian general chem-
istry courses.

The Canadian adaptation of Chemistry: A Molecular
Approach drew very heavily on feedback from professors and
instructors across Canada. As the Canadian authors, we took
the reviews and consultations very seriously and did our best to
adapt Tro’s textbook accordingly. In general terms, the adapta-
tion involved making the following changes.

International Conventions on Units, Symbols, and Nomenclature
The field of chemistry is communicated according to conven-
tions that are determined by the broader international chemistry
community, through the International Union of Pure and Applied
Chemistry (IUPAC). TUPAC continually releases recommen-
dations on chemical nomenclature, definitions, symbols, and
units. TUPAC recommendations are not static; they may evolve
over time as new information comes to light. Although many
textbooks state that they follow the recommendations of the
IUPAC, you will find that the Canadian edition of Chemistry: A
Molecular Approach scrupulously follows TUPAC recommen-
dations for chemical names and symbols, nomenclature, and
conventions for symbols and units in measurements. In the case
of chemical nomenclature, there are a number of non-IUPAC
chemical names that are so common that we have to include
them along with the IUPAC recommended name.

S.1. units of measurement are used exclusively. Imperial
units such as the gallon, pound, and the Fahrenheit scale of
temperature have not been used in modern science for over a
generation. [UPAC recommended defining standard pressure
as 1 bar (or 100 kPa) back in 1982. This is the standard that
has been adopted by chemists worldwide and is almost exclu-
sive in second-year physical chemistry texts. Only in first-year
textbooks does the atmosphere still linger as standard pressure.
In this text, standard pressure is the IUPAC-recommended bar.
Students will see pressure in various units, but we make little
use of the atmosphere. When dealing with ideal gases, the most
common value of R is 0.08314 L bar mol™' K.

In thermodynamics, we have adopted the recommended
notation for enthalpy, entropy, and Gibbs energy changes,
placing subscripts for changes after the delta sign rather than
after H, S, or G. For example, the standard reaction enthalpy
is expressed as A H" rather than AH,,,. This is a subtle change
that matters. The type of change (A) is marked on the A symbol
(reaction, A formation, A; and so on), rather than the type of
thermodynamic quantity. We understand that this notation is
not used everywhere. However, we believe that students should
use standard notation throughout their education. Students
who continue in chemistry or other sciences will eventually
come across the standard notation in physical chemistry text-
books and in places like the CRC Handbook of Chemistry and
Physics and the NIST Chemistry WebBook (http://webbook.
nist.gov/). Furthermore, thermodynamic quantities like A H®
are always molar quantities and have the units kJ mol™, as rec-
ommended by IUPAC. Exclusive use of [UPAC-recommended
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units keeps students from getting into unit troubles when doing
thermodynamic calculations.

Explicitly, we have provided the distinctions and connec-
tions between the unitless thermodynamic equilibrium con-
stant, K., or simply K, and the phenomenological equilibrium
constants, K, and Kp, which can have units in terms of con-
centration and pressure, respectively, again in accordance with
TUPAC recommendations. This is done in the most basic of
terms, assuming that gases and solutions are ideal so that their
partial pressures and concentrations are assumed to be numeri-
cally equivalent to their activities, setting up for a more rigor-
ous treatment in second-year analytical and physical chemistry
courses.

Following recommendations set out by the IUPAC ensures
that we speak a common language—and teach a common lan-
guage. Otherwise, students who go on in chemistry have lo
convert from the language learned in first year as soon as the
very next year. when they take their first physical chemistry
course.

Current Theories We have updated the text so that the
most current, consensus scientific view is described. This is
most notable in the case of bonding theory and the so-called
expanded octet. In this case, evidence shows that the d orbit-
als have a negligible contribution to bonding, which means that
full sp°d and sp*d® hybridizations should no longer be included
in bonding theories, even though this idea continues to appear
in general chemistry textbooks. This Canadian edition reflects
the most current understanding of chemical phenomenon, at the
[irst-year level.

Organic Chemistry The coverage of organic chemistry has
been expanded to two chapters, reflecting the curricula in many
Canadian universities, which provide additional organic chem-
istry coverage in first-year chemistry. The first organic chem-
istry chapter covers structure and bonding, stereochemistry,
and structure determination. The second chapter covers organic
reactivity, and it is organized according to reaction mechanisms.
Canadian Context Naturally, a Canadian edition will include
Canadian examples. In some places, the Canadian content is
fun, like the hockey goalie’s “Quantum mechanical five hole”
in Chapter 7. In other places, Canadian chemistry examples
are serious and important, like the chemistry of the oil sands.
Wherever Canadian content appears in this edition, it is there
to promote student engagement. This book is meant for the
Canadian student.

End-of-Chapter Problems One of the first things that profes-
sors consider when choosing a chemistry textbook is the quality
of end-of-chapter problems. This is because, to learn chemistry,
students need to work through meaningful exercises and prob-
lems. Tro’s Chemistry: A Molecular Approach has extensive,
high-quality problems,

First-year chemistry courses are perhaps the most impor-
tant courses in chemistry programs, because they lay the foun-
dation for all higher level courses. First-year courses introduce
students to the language and discipline of chemistry, and some
concepts are not touched on again in the entire undergraduate
curriculum. Indeed, many Ph.D. comprehensive questions fall
back to ideas learned in first year. This book was prepared with
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the full undergraduate curriculum in mind. If you are a student,
we hope that the Canadian edition of Chemistry: A Molecular
Approach helps you succeed in chemistry. We encourage you
to make use of all of the features in this book that are designed
to help you learn. If you are a professor, it is our hope that
this textbook provides you with the strong content you need to
teach first-year chemistry in a way that is true to our discipline.

Third Canadian Edition

For the third Canadian edition, we had two primary goals. Our
first goal was to make focused improvements and write addi-
tional content in selected areas. Some of these are described
below.

In Chapter 7, we have clarified the language and added
a brief discussion of what is meant by orbital energies. We
improved the discussion of electron configurations of transi-
tion metals—a topic that many students find confusing. We also
added a whole new section showing the application of the
Schrodinger equation to a quantum mechanical system—"the
particle in a one-dimensional box.” Our aim is to demystify
wave functions and quantum numbers. We do this by showing
that wave functions are nothing more than mathematical equa-
tions representing electrons in an atom. Furthermore, applying
the Schrodinger equation to a quantum mechanical system with
boundary conditions (i.e., a particle in a box or an electron in an
atom) gives rise to quantum numbers.

In Chapter 9, we added a brief discussion of homolytic ver-
sus heterolytic bond dissociations. In Chapter 10, we expanded
coverage of p—n junctions in diodes and show how these are
applied in light emitting diodes (LEDs) and photovoltaic cells.
We also address the issue ol hybridization of terminal atoms
in bonding descriptions. From a shape and structure point of
view, when a molecule has a terminal atom with lone pairs of
electrons, it is not necessary to assign hybrid orbitals to those
lone pairs. However, hybridization of terminal atoms is com-
monly taught, especially in organic chemistry courses, where
reactions result in a bond to the terminal atom. Our continued
priority is to show how chemists use different bonding models
for different purposes. As well, we added stick-like drawings
to show the shapes of molecules—drawings that students can
mimic—along with artistic three-dimensional renderings that
students will not be able to reproduce easily.

Worked examples are one of the most important and well-
used features in this textbook. To continue this strength, we
have added some new worked examples, for example on reac-
tion mechanisms in Chapter 13.

Finally, we reorganized Chapter 17 slightly by moving the
discussion of the third law of thermodynamics earlier in the
chapter with the rest of the quantitative discussion of entropy.
We also introduced a new section, including worked examples,
on making nonspontaneous processes spontaneous by coupling
with exergonic reactions.

Our second goal was to update and “evergreen” the book.
To do this, we replaced or updated “Chemistry in Your Day”
boxes to make them more interesting and relevant to students
and thereby enhance learning. New boxes include “Stack
Sampling” (Chapter 5), “Weak Acids in Wine” (Chapter 15),

“Fluoride and Teeth™ (Chapter 16), and “Rechargeable Bat-
tery Recycling” (Chapter 18). We also added many new end-of
chapter problems throughout the book, which gives instructors
and students more opportunities to engage with chemistry con-
tent and practise problem solving.
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Relevant examples and
clear language

hemistry is relevant to every process occurring around you, at every second. The authors

help you understand this connection by weaving specific, vivid examples throughout the
text that tell the story of chemistry. Every chapter begins with a brief story that illustrates how
chemistry is relevant to all people, at every moment.

8 Periodic Properties «--Are you interested in
bl knowing how nerve cells
? transmit signals?
See Chapter 8 to learn why

periodic properties are essential to
understanding this process.

Chemical Reactions
and Stoichiometry

What about the chemistry -
of everyday life?
Chapter 4 illustrates the role chemistry
plays in cuisine, from baking a cake to e
why lemons go well with fish. s
o e Solutions 1 2

Chemical Bonding II:
Molecular Shapes,
Valence Bond Theory, and
Molecular Orbital Theory

9 Chemical Bonding I:
Lewis Theory

These examples make the material
more accessible by contextualizing
the chemistry and grounding it in the
world you live in.

XXii



Connect Chemistry to

YOUR WORLD

Student Interest

Throughout the narrative and in special boxed
features, interesting descriptions of chemistry in
the modern world demonstrate its importance.

CHEMISTRY AND MEDICINE J:TTERvERETV]

Osteoporosis—which means poiouy bone—is
s condition i which bone density becomes too.
ng sl hiive
Patients suffering

Towws, The healiy bones o

a density of ahatit 10 'cm
from esteaprrosis, however, can have hone denkities 26 fow as
(.22 g cm . These Jow densities mean the bones hove dete-
rioeated and weakened, resuliing in increased snscepibilig
o (ractures. especially hip fractures. Paticnes suffering from
e Bt loss und disfigurs.
tion sueh s dowiger's hurp, o condition in which the patient
begomes humched over due 10 compression of the venche
Ohteopomosis is mst commeon in postmenopausul women, bt
it can also occur in people fincluding men) who have cenmin

asBgnprisn can s cxperie

i such ds insulin-dependent diohetes, or whi ke cer-
tain medications, such a3 prednisone. Clatsoporosis is usually
diagnosed wid wonitored with hip X-rays. Lowedensity bones
bty (s of the X orivk than do high-denary booes, produe
I charscteristic dilTerences i the } mage Treatments
fur ostenporosis inchude additional calcium mnd vitamin [,
lnigs that prevent bene weakening. exercise and strength min-
ing. and. in éxtrens: cases, hip-replatement surgery.

Question

Suppose you find 2 Tange antmal bone in fhe wioods, (oo loge
tor fit in & beaker or flusk. How might yoo approsimare its
Aoty

CHEMISTRY IN THE ENVIRONMENT 51 R RS ES

A Wiod frogs Rand svtvaricin) fouk like most other frogs, They are
5 | afew inches Jong and have characteristic preenish-heown
skin. Howeves, wood frogs survive cold winters na
remarknble way—ihey panially freeze. Inits parially
Trogen state, the frog his ao heantbeat, o Blood cireu-
Tatiom, no breathing. and no brain actrviry. Within 1-2 hours of
tsawing, however. these vitad functions return snd the frog
hops off 10 find food, How does the wood frog do this?
Mot cold-blooded animals cannot sarvive frecz-
ing emperniures because the wider within their cells
freczes. As we leamed in Section 1.9, when siter
Frewres, 1t exprimds, imeversbly damaging celis
When the wood frog hibermnates for the winter, how-
ever, H produces large nmouits of ghucose that s
secresed into s bloodsiream and fills the wierior of
its cells. When the wemperalure drops helow freezing.
extracellular body Muids, such as those in the abdomi-
nal eaviey, Freeze solid. Flukds within cells, however,
resrinin il becusse the high placose concentmtion kawers
their freeming point. In other words, the concemmacd glocose solu-
Lt within the frog s cells aots as antifeeee, preventing the water
within the cells from freczing and allowing the fros toosurvive,

Question
The wood frog can survive it body lemperatures a5 low as —8.0 5C. Caleulate the molality
of o glocese solurion (CgH 0 required o lower the freezing point of water to —8.0 "C.

a niormal Femur (Rl an
by omlediponsi (right)

A S

€ OAIEUPOCTES L IE0es-
ry o rsplint e setificial
b o, seen i thiy Xomy image.

[Therme Mider]

- A Chemistry and Medicine boxes show
. applications relevant to biomedical and
health-related topics.

A The weieel frog ssirvives winter by panially froezing, 1 prisecty
its cells by Mocding them with plucose, which aels s un ontifreeze.
IhAgsorg Shudtarc]|

<« Chemistry in the Environment boxes relate
chapter topics to current environmental and :
societal issues. :

. W Chemistry in Your Day boxes demonstrate
. the importance of chemistry in everyday
situations. :

Imsagine eating a greasy cheeseburger with both hands and without napkins.
Q"’ By the end of the meal, your hands are coated with gresse and oil. If you ry
: o wash them with only water, they remain preasy. However, it you ndd a fit-
e soap, the grense washes away, Why? As we just lenened, water molecules
atve polar ind the mobecules thit compose grease and oil are nenpolin, As a result, water and
greane do not mix

The molecules that compose sowp, however, have a special stuctire that allows them 1o
interact strongly with both water and grease, One end of o soap molecube is palar, while the
other end is nonpolar.

The nonpolir end is 4 bong hydmcarbon chain. Hydrocarhons are
abwny: nonpadar beconse the electronegativity dilterence betwesn cathon
and hydrogen is smull. and because the wirahedral amangement aboos
euch curhon wom tends (0 comeel amy smull dipele moments of individoal
bonds, The polir heod of & soap melecnle—usually (though not abwiys)
inmic—strmgly attracts wider molecules, while the nonpokar til inferacts
more stongly with grease and oil molecules (we examine the nsture of
these interactions in Chapler | 1), Thus. soap scts as a sort of melecular
limisom—one end imermcting with water and the othier end i ing with
grease. Soap allows water and grease to mix. removing the gregse from
your hands and washing it down the drain

o CroilnFomas)

Manpolar tail
interacts with grease

OH,{CH2), ,OCH:CH,0H

Guestion
Consider the detergent molecule oy nght. Which end do you think is polar?
Which end is nonpolar?




Pioneering artwork makes
CONGEPTS CLEAR

Annotated Molecular Art
Many illustrations have three parts:

® a macroscopic image (what you can see with your eyes)
e a molecular image (what the molecules are doing)
e asymbolic representation (how chemists represent the process with symbols and equations)

The goal is for you to connect what you see and experience (the macroscopic world) with the mol-
ecules responsible for that world, and with the way chemists represent those molecules. After all,
this is what chemistry is all about.

[ 2n4 + 0y - 20 |
| Hytrogen and oxygen react to form gaseous water { ....................... 3 Sym bolic representaﬁon
7 ) !
for g% |
" 3 ® 9P| G Molecular image
o
-y ¥ ¢ ¥ L i '
R oo Macroscopic image
..A.FIII.‘;UHE 410 unuaﬂnmﬂun!m Reaction  The hydrogen in the halloon reacts with oxygen opon ignition 10 form gasee
FRUBE G e sia el Al + Ph{NOS)ag) 4 ZENOa) Pl 3
Aaad) iackde Mlm:::r:;""‘ ;-ulull.I:! l::ulnl;ijj'; i by bl ] ( “““ Annf)tatlons
tell the story of the

S image concisely.

{woluble)

SR SR Molecular image

PbINOfug)
{sohuble)

Macroscopic image ««--«-=-=---+- »

ZENO ()
{soluble)
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Multipart Images
Multipart images make connections among graphical
representations, molecular processes, and the macroscopic world.

When sodium chloride [ first added 1o
water, sadium and chioride ions begin to

MNaClis)
dissalve into the water

As the solution becomes mare concentrated,
some of the sodium and chlaride ions can
Beqin to recrystallize as sofid sodium dhloride

. MaClisy — Na'lag) + Cl17(ag)

| NGl == Ma"(ag) + O lap)

When the rate of dissolution equals the rate
of recrystallization, dynamic equitibrium
has been reached.

|

A FIGURE 129 Dissolution of NaCl

Tf

Rate of dasolution >

!’9'

(b} Dissolving

Mate aof rec

T

d

Rte of i v = Rate of recryarallization
[ ;u,m.m rqlu||irmm

i Symbolic representation

deinveiaie Macroscopic image

L EEEREEEEE Molecular image

not mix because water molecules
are polar and pentane molecitles are
nonpolur.

P FIGURE 11.10 Palar and Nonpolar ———
Compounds  Waer wid pentane du =

Graphical representation



Consistent strategies help you
SOLVE PROBLEMS

Two-Column Example
A consistent approach to problem solving is used throughout the book.

46 Chapter 2 At d Element .
i e e L A S e e s e s s swnaess o IR R BT R

The molar mass of any element yields the conversion factor between mass (in grams) how the problem is solved.
of that element and the amount (in moles) of that element. For carbon;
1200 C I mol C

1201 gC = ImolC or or =
o 1 mol € 12Zo1gcC

We now have all the tools to count the number of atoms in a sample of an element
by weighing it. First, obtain the mass of the sample. Then convert it to the amount in
maoles using the element’s molar mass. Finally, convert to number of atoms using Avo-
gadro’s number, The conceptual plan for these kinds of calculations 1akes the [ollowing

The right column shows the

form: .
: ‘ - implementation of the steps
g lement |~ mel doment | number of scoms | explained in the left column.
modar mass Aoy s

of element pu

Example 2.4 demonstrates these conversions. .+
Notice that numbers with large exponents, such as 6.022 < 107, are unbelievably
large. Twenty-two copper pennies contain 6.0222% 10™ or | mol of copper atoms, but

‘:' A four-part structure (“Sort,
m THE MOLE CONCEPT: CONVERTING FROM MASS TO MOLES AND NUMBER OF ATOMS Strategize, Solve, Check”)

provides you with a framework

Calculate the number of moles of copper atoms and the number of copper atoms that are in 3.10 g of copper. for ana]yzmg and Sﬁl\fiﬂg

E -’ i SORT You arc given the mass of copper atoms | GIVEN: 3.10 g Cu | pi'ObleS.

. and asked to find the number of moles of cop- | FIND: Maoles and number of Cu atoms

. per atoms and the number of copper atoms.

3 STRATEGIZE Convert between the mass of an | CONCEPTUAL PLAN ‘ Sl e i i o Man)" prOb'emS are solved

> ’ clement in grams and the number of moles of . , . with a nn“cﬂp‘“a] plan that

1 atoms of the element with the molar mass, mal Cn)—l‘ nmumber oannmmJ p]'OVidBS a \'isual outline of the

: Then convert from maoles to the number of - : e 1 e y -

H atoms using Avogadro’s number. s3sigCn Yol SteDS IEadmg from the given

: information to the solution.

. RELATIONSHIPS USED

3 63.55 2 Cu = | mol Cu (Molar mass of copper)

p 6,022 % 107 = 1 mol (Avogadro’s number}

: SOLVE Follow the conceptual plan to solve | SOLUTION

) ’ the problem. Begin with 3.10 g Cu and mul- | Number of moles Cu:

2 tiply by the appropriate conversion factor to L mol Ca

1 obtain the number of moles of copper. 3.10g€0 % DY 488 % 102 mel O

: : PEe ECE N i men T o molCe

Then multiply the number of moles by Avoga- | Number of Cu atoms:

. dra’s number to arrive at the number of cop- 600 % B e )

D | perawoms. 488 % 102 mek€i x o= UHOMS 5 g4 107 Cu atoms

. I melCi

. } CHECK The answer (the number of copper atoms) is less than 6.022 % 10** (one mole), This is consistent with the given

a mass of copper atoms, which is less than the molar mass of copper. "

Every worked Example is

FOR PRACTICE 2.4 "‘ e . fﬂllﬂwedhyon'eormore
How many carbon atoms are there in a 1.3 carat diamond? Diamonds are a form of pure carbon. (1 carat = 0.20 grams) “For Practice” prohlems
FOR MORE PRACTICE 2.4 that you can try to solve on your
Calculate the mass of 2.25 % 10* tungsten atoms. own. Answers to “For Practice”

problems are in Appendix IV.
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