


This page intentionally left blank 



Main groups Main groups 
I 

1 I 
18 

DJ 1 
8 

D Metals D Metalloids D Nonmetals 

2 
He 

2 13 14 15 16 17 4.003 

3 4 5 6 7 8 9 10 
2 Li Be B c N 0 F Ne 

6.941 9.012 Transition metals 10.81 12.0l 14.0l 16.00 19.00 20. 18 

11 12 13 14 15 16 17 18 
I I 

Na Mg r--- -i Al Si p s Cl Ar 3 
22.99 24.31 3 4 5 6 7 8 9 10 11 12 26.98 28.09 30.97 32.07 35.45 39.95 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
4 K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr 

39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.64 74.92 78.96 79.90 83.80 

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 
5 Rb Sr y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe 

85.47 87.62 88.91 91.22 92.91 95.96 [98] 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29 

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 
6 Cs Ba Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn 

132.91 137.33 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 [208.98] [209.99] [222.02] 

87 88 

~ 
104 105 106 107 108 109 110 111 112 113 114 115 116 11 7 118 

Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI Mc Lv Ts Og 
[223.02] [226.03] [261.11] [262.1 1] [266.12] [264. 12] [269.13] [268.14] [271 ] [272] [277] [286] [289] [289] [292] [294] [294] ~ 

7 

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 
Lanthanoid series La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

138.9 1 140. l 2 140.91 144.24 [145] 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.05 174.97 

89 90 91 92 93 94 95 96 97 98 99 100 10 1 102 103 
Actinoid series Ac Th Pa u Np Pu Am Cm Bk Cf Es Fm Md No Lr 

[227.03] 232.04 231.04 238.03 [237.05] [244.06] [243.06] [247.07] [247.07] [25 1.08] [252.08] [257.10] [258.10] [259.10] [262.11] 

Atomic masses in brackets are the masses of the longest-lived or most important isotope of radioactive elements. 
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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 thi s 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 to 
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. 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 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 to 
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 
a requirement; 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 
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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
lyze 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). IUPAC continually releases recommen­
dations on chemical nomenclature, definitions, symbols, and 
units. IUPAC 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 IUPAC 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.I. 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. IUPAC 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 mo1- 1 K- 1

• 

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 !:,,./!" rather than !:,,.H;xn· This is a subtle change 
that matters. The type of change(!:,,.) is marked on the!:,,. symbol 
(reaction, !:,,.,; formation, !:,,.c; 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 !:,,.,If' 
are always molar quantities and have the units kJ mo1- 1, as rec­
ommended by IUPAC. Exclusive use of IUPAC-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, Keq or simply K, and the phenomenological equilibrium 
constants, Kc and Kp, which can have units in terms of con­
centration and pressure, respectively, again in accordance with 
IUPAC 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 to 
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 sp3d and sp3d2 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 
first-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 fu ll 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 of 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. 

ACKNOWLEDGEMENTS 
During the development of this book, we obtained many help­
ful suggestions and comments from colleagues from across the 
country. 

Editorial Advisory Board 
We would like to thank the following professors for contribut­
ing their valuable time to meet with the author and the publish­
ing team over the course of this project to provide a meaningful 
perspective on the most important challenges they face in 
teaching general chemistry and for providing insight and feed­
back on the third Canadian edition and MasteringChemistry 
course: 

Louise Dawe, Wilfrid Laurier University 

Phil Dutton, University of Windsor 

Andrew Vreugdenhil, Trent University 

James Xidos, University of Manitoba 

We also thank the following reviewers who offered feedback 
on the previous edition of this textbook: 

Francois Caron, Laurentian University 

Linda Davis, McMaster University 

Violeta Iosub, University of Calgary 

Lori Jones, University of Guelph 

Stephen Kariuki, Nipissing University 

Jan Matejovic, University of Ontario Institute of Technology 

Andrew Mosi, Langara College 

Brad Pavelich, Medicine Hat College 

Jason Pearson, University of Prince Edward Island 

We acknowledge Prof. Dietmar Kennepohl (Athabasca 
University) and Dr. Nicole Sandblom (University of Calgary), 
Dr. Neil Anderson (Onyx Pharmaceuticals), Dr. Rebecca 
Goyan (Simon Fraser University), Drs. Barry Power, Chris Flinn, 
Karen Hattenhauer, Mike Katz, Ray Poirier, Peter Warburton, 
and Chris Kozak (Memorial University), Mr. Nicholas Ryan 
(Memorial University), and Drs. Lucio Gelmini and Robert 
Hilts (MacEwan University) for helpful discussions and their 
insightful comments. 

Dr. Ian Hunt of the University of Calgary worked with us 
in the early development of the organic chemistry chapters. He 
provided sage advice on the organization of these chapters and 
made numerous suggestions on how to present organic chemis­
try in a way that is both rigorous and accessible to the first-year 
student. 

Professor Franitois Caron of Laurentian University pro­
vided expert advice on revisions to Chapter 19, improving the 
presentation of nuclear reaction energetics so that it is consis­
tent with the field of nuclear chemistry. 



We would like to thank our wives, Lisa and Tanya, for 
their encouragement and their continuing patience during all 
the evenings and weekends we spent working on this book 
when we could have been with our families. 

Finally, we would also like to acknowledge the assistance 
of the many members of the team at Pearson Canada who 
were involved throughout the writing and production process: 
Cathleen Sullivan, Executive Acquisitions Editor; Kim Teska, 

PREFACE xxi 

Senior Marketing Manager; Kamilah Reid-Burrell, Content 
Manager; Martina van de Velde, Content Developer; Jessica 
Misfud, Project Manager; Leanne Rancourt, Production Editor 
and Proofreader; Susan Broadhurst, Copyeditor; and Anthony 
Leung, Senior Designer. 

Travis D. Fridgen 
Lawton E. Shaw 



Chemistry 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. 

.. ,_,._ ... _ 
"" -.., _,, __ _ 

"~-­-- -M,__..,_ 
__ 

... ... ___ .. ... __ '­_ ... __ 

... '-..... ----... ____ ... 
-.. ... - ... 
._ __ _ 
-----
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~ -· Are you interested in 
knowing how nerve cells 
transmit signals? 
See Chapter 8 to learn why 
periodic properties are essential to 
understanding this process. 

What about the chemistry ···• 
of everyday life? 

Chapter 4 illustrates the role chemistry 
plays in cuisine, from baking a cake to 

why lemons go well with fish. 1==~:~~=-..,.. ___ ., _____ _ ___ .. _ .. ____ _ 

~----..... _,..... ______ ... _ ______ " __ _ 
c:=:=:·~:==~~ ----··------ii--­..... .......... -. .. --"'----..-..... _____ "' _ _..,. ...... ,...,,,,, ___ _ _,_ _ _,_..., _____ ._,_.,_ - ..... ----------··-______ ., _____ _ _______ _,._.._, .... _ __ ., ______ , __ ________ ...... _ .. _ _,,, 

--.---------_____ ..., ______ Al_., ___ .._.,._..,...... ... _,,, ..... __ _ 

----·---·---------·---....... ----.., ____ .. __ .. ___ ....,. ... _..,_ .. __ ,.. ______ _ 

1 :=":=:.::.=~=~ --··-----...... ----­_..._ .. v ..... _,._ ... _,.-. .. ,,_...,.,,,_ --i.....--------· .. .. ,... .............. --........... --...... ----------_____ .. ___ ...., ___ ,__ 

........... -................. --.. --.....-.­-·-"'--------·------.... ....-.-..... ---

-------

M=:=:::=.:::::=:.: ·----------.,--.. ___ .... ._ .. __ ,.. ____ _. ..... _ 
........ --·------·-"' ______ .,..,... ___ .,.. __ _ __ ., ___ ,... _____ _ 

,, ... --.... -·--­..... _._ ... -­WI-·-w---­--­~---
1U~--

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



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

Wood frogs (Ram1 syfw11ica) look like most other frogs. They arc 
a few inches long and have characteristic greenish.brown 
skin. However. wood frogs survive cold wintc~ in a 

remarkable way-they partially freeze. In i1s partially 

frozen ~ate. the frog has no heanbcat. no blood circu· 
lt11ion, no brca1hing. :md no brain activity. Within 1- 2 hours of 
tha.,..ing, howc\·cr, these "ital functions return and the frog 

hops off 10 find food. How docs the wood frog do this? 
Most rold·bioodcd ammaJs cannoc SlU'\ ivc frecz. 

ing iempcraturcs because the waaer within lhcir cells 
frtt1.cs.Aswc~amcd m Section 11 .9. \\hen water 
freczes. 11 expands, 1rm'Cl'Sibly damaging cells. 
When the wood frog hibernates for the winter, how· 

C\'Cf', it produces large amounts of glucose lhai is 
sccrcccd into its bloodstream and fills the interior" of 
its cdls. When 1hc temperature drop5 below freezing. 
extracellular body fluids. such as mosc in the abdorni­
rul ca''ity. freeze solid. fluids within a:lls. hoY.·c\tt, 
remain liquid because the high glucose coocentration lowers 
their frcc7.ing point. In other words. the concentrated glocosc solu-

Bone Density 

Ostcoporosis-tAhich means fHJTUus OOn~-is 

a rond111on m v.hich bone density becomes too 
I™. 1be health)' bones of a )OUng adult ha\-c: 

a density of about 1.0 g cm ,. Pa11enlS suffering 
from os1eoporosis. ~e\'ct, can ha\e bone dcnsiti~ as low as 
0.22 g cm l. These low dcns111c:s mean the bones ha\e dc:1e­
rior.ned and v.eakcncd. rcsuhmg m nicrea..~ SUSttpl1b1hty 
to fractures, c~pecially hip fracture~. Patients suffering from 
osteoporosis can also e'perience height loss and d1sfigura-

diseases, such as insulin.dependent diabetes. or v. ho tal.c cer­
tain medica1ions. such as prednisone. O..t~i~ i~ usually 
diagnosed and momtored w11h hip X·ra)~. ~-dens1t) bone~ 
absotb fcv.cr of lhc X·ra) s than do high-dcn~uy bonti, prodoc­
mg characteri.'>lic d11T~ncti in the X-ray imai,.>C:. Treatments 
for osteoporosis include add1t!Oflal cak1um and 'Ila.mm D. 
drugs 1h31 pre ... c:n1 bone wealenmg, excrci'IC and qrcngth tram­
ing. and. in ex1rcme cac;es, hip-replacement ~urgcry. 

tion soch as do\\11ger's hump, a cood111on m v.hich the patient Question 
bec~s hunched O\erduc: to COllll'f'CSSion of the \·enebrae. Suppose yoo find a large amnul bone 1n the v.oods. 100 large 
Ostcopor<Ki~ is most common in po'i11ncnopau"31 women, but to fit in a beaker or flasl. How might )OU :ippnmmatc 11s 
it can :ii.so occur in people (including men) 'Aho ha'e cen:iin dcnsil)? 

A Magmfied '1ew~ of the bone matrh m 
a normal femur (left) and one v. c:al.c:ned 
byosteoporo!>•~(righl). ._ .. .., A Se\'Cl'COSICOpOl'OSl>canl'ICOc:!.· 

SIUICSl.-gcry10impianlanlfllficial 
lnp.1om&.'iCCllmltu1X·ra)1rf1alC 

tion wi1hin the frog'scells acts as antifrca.e. preventing the water A 1be wood fros survh·cs winter by partially frce1ing. It protects 

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

within the cells from free1.ing and allowing the frog to sur.·i\e. ib cells by flooding them with glucosc. tAhich ac1s as an antifreeze. 

Quest ion ---The wood frog can survhe at body temperatures as low as -8.0 "C. Calculnte the mola1ity 
of ll •luoose wlution C H ~o int of water to - 8.0 "C. 

,.... Chemistry in the Environment boxes relate 
chapter topics to current environmental and 
societal issues. 

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

CHEMISTRY IN YOUR DAY How Soap Works 

I Imagine eating a greas)' cht...-cscburgcr with both hands and without napkins. 

By the end of the meal. your hands are coated with grease and oil. If you try 
to wash them wi1h only water, the)' remain greas)'. However. if you add a lit­

tle soap. the grease washes awoy. Why? As we just learned. water molecules 

are polar and the molecules that compose grease and oil are non polar. As a result. water and 
grease do no1 mix. 

1be molecules lhal compose soap. h™evcr, have a special structure that allows them to 

interact strongly with both water and gre~. One end of a soap molecule is polar. while the 
other end is nonpolar. 

1be nonpolarend is a long h)drocarbon chain. Hydrocarbons are !Son~ 

always nonpolar because the electronegati\ily difference bctv.een carbon 

and hydrogen is small. and because the 1c1rahcdral arrangcmcm about 
each carbon atom tends to ca~I any small dipole moments of individual 
bonds. 1be polar head of a soap molecule-usually (1hough not always) 

ionic-suongly auracts water molecules. v.-h1le the nonpolar tail interacts 

more strongly v.ith grease and oil molecules (v.-e examine the nature of 
these interactions in Chapter 11 ). Thus. soap acts as a son of molecular 

liaison--one end interacting w1th water and the other end imerocting with 

grease. Soap all™-s water and grease 10 mix. remo,mg the grease from 

your hands and washing it down the drain. CH3(CHi)110CI 12CH20H 

Question 
Consider the dc1ergcnt molecule at right. Which end do you think is polar? 
Which end is nonpolar? 

xxiii 



Annotated Molecular Art 
Many illustrations have three parts: 

• a macroscopic image (what you can see with your eyes) 
• a molecular image (what the molecules are doing) 
• a symbolic 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. 

2 Hi(l/) + 0 2(l/) --------+ 2 H20(l/) 

Hydrogeoandoxygenreacttoformgaseouswater. ~ ••• • •• • • • ••••• •• • •• •• • ••• Symbolic representation 

~ · · · · · · · · · · · · · · · · · · · · · ·· Molecular image 

~ · · · · · · Macroscopic image 

6. FIGURE 4.10 01ddation-Reduction Reaction The hydrogen in 1he balloon reacts with oxygen upon igni1ion 10 form gaseous water 
(which is d ispersed in the flame). 

fbalXln:bnBochsler/Peafso"IEc:klcatietl;~bal:Xln:CharlesO. Wll'll~Scuce] 

.. FIGURE4.7 Precipitation of 
Lead(ll) Iodide When a potassium 
iodide solution is mixed wi1h a lcad(ll) 
nitratcsotution,ayellowlead(ll) 

iodide precipiiatc forms. 

P<-

2 Kl('<) + Pb(N03),("<) ~ 2 KN03("<) + Pb!,(•) 
(50lublc-) (soluble) (f<Olublc) (insoluble) 

2KI("<) 
{wluble) 

~ · · · · · · Annotations 
tell the story of the 
image concisely. 

~ · · · · · · · · · · · · · · · ·· Molecular image 
+ 

Pb(N03),("<) 
(soluble) 

Macroscopic image ·· · · · · · · · · · · · · · ~ 
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2KN03(oq) 
{wlublc) 

+ 
Phi,(<) 

{inwlublc) 



Multipart Images 
Multipart images make connections among graphical 
representations, molecular processes, and the macroscopic world. 

N•CI(<) 

When sodium chloride is first added to 
water, sodium and chloride ions begin to 

dissolve into the water. 

NaCl(s) ______. Na +(aq) + Cl- (aq ) 

As the solution becomes more concentrated, 
some of the sodium and chloride ions can 

begin to recrystallize as solid sodium chloride. 

N•Ci(<) = N,+(•q) + Ci-(oq) 

When the rate of dissolution equals the rate 
of recrystallization, dynamic equilibrium 

has been reached. ~ · · · · · · · · · Symbolic representation 

(a) Initial 

• FIGURE 12.9 Dissolution of NaCl 

R.a1e of diuolu1ion > Rau~ of rrcry.ulliza1ion 

(b) Dissolving 

Ra1e of dissoluuon - Rate of recrystalliu1ion 

(c) Dynamic equilibrium 

.... FIGURE11.10 Polarand Nonpolar 
Compounds Water and pcnt:me do 
not mix because wa1er molecules 
are polar and peniane molecules are 
non polar. 

~ · · · · · · · · · Macroscopic image 

~ · · · · · · · · · Molecular image 

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

46 Chapter 2 Atoms and Elements .. ... ....... ....... ......... ... ....... ............. .. ........... ... ........ 
The mo lar mass of any element yie lds the conversion factor between mass ( in grams) 

of that element and the amount ( in moles) of that element. For carbon: 

12.01 gC I mo!C 
12 .01 g c = I nm! C or or 

I mo! C 12.01 g c 
We now have all the tools to count the number of atoms in a sample of an element 

by weig hing it. First, obtain the mass of the sample. Then convert it to the amount in 
moles using the element's molar mass. Finally, convert to number o f atoms using Avo-
gadro's number. The conceptual plan for these kinds of calculations takes the fo llowing 
form: ............... .. ....... 

l gelemenr " mo l ele me n1 number o f aroms 

molar miss A~-ogadro's 
ofd cmcn1 Pumbtr 

Example 2.4 demonstrates these conversio ns. 
Notice that numbers with large exponents, ~eh as 6.022 X 1023

, are unbelievably 
large. Twenty-two copper pennies contain 6.022:x I023 o r I mol of copper atoms, but 

.. ..... 
...... · 1• THE MOLE CONCEPT: CONVERTING FROM MASS TO MOLES AND NUMBER OF ATOMS 

Calculate the number of mo les of copper atoms and the number of copper atoms that are in 3. 10 g of copper. .... 
:~ SORT You are given the mass of copper atoms GIVEN: 3.10 g Cu 

and asked to fi nd the number o f moles o f cop- FIND: Moles and number of Cu atoms 
per atoms and the number of copper atoms. 

:~ 
STRATEGIZE Convert between the mass of an CONCEPTUAL PLAN ~ ... ........... ........ ... ... . 
e lement in grams and the number of moles of c;c. atoms o f the e lement with the molar mass. mo l Cu number of Cu atoms 

The n convert from mo les to the number of I molCu 6.022 X lo" Cu 11oms 

atoms using Avogadro 's number. - --
63.SSgCu I molCu 

RELATIONSHIPS USED 
63.55 g Cu = I mol Cu (Molar mass of copper) 
6.022 X 1023 = I mol (Avogadro's number) 

SOLVE Follow the conceptual plan to solve SOLUTION 

:~ the problem. Begin with 3. 10 g Cu and mu!- Number of moles Cu: 
t iply by the appropriate conversio n factor to 

I mo!Cu obtain the number of moles of copper. 3. !0 g-ell x 63.55g-ell = 4.88 x 10- 2 mol Cu 

Then multiply the number of moles by Avoga- Number of Cu atoms: 
dro's number to arrive at the number of cop-

6.022 X 1023 Cu atoms per atoms. 4.88 x I 0- 2 mel-eii X = 2.94 x I 022 Cu atoms 
I mel-eii 

:~ CHECK The answer (the number of copper atoms) is less than 6.022 X I023 (one mole). This is consistent with the given 
mass of copper atoms, which is less than the molar mass of copper. 

FOR PRACTICE 2.4 ~··································· · ·········· · ·········· 
How many carbon atoms are there in a 1.3 carat diamond? Diamonds are a form of pure carbon. (I carat = 0.20 grams) 

FOR MORE PRACTICE 2.4 
Calculate the mass of 2.25 X 1022 tungsten atoms. 
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The left column explains 
how the problem is solved. 

The right column shows the 
implementation of the steps 
explained in the left column. 

A four-part structure ("Sort, 
Strategize, Solve, Check") 
provides you with a framework 
for analyzing and solving 
problems. 

Many problems are solved 
with a conceptual plan that 
provides a visual outline of the 
steps leading from the given 
information to the solution. 

Every worked Example is 
followed by one or more 
"For Practice" problems 
that you can try to solve on your 
own. Answers to "For Practice" 
problems are in Appendix IV. 


