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THE WILEY BICENTENNIAL-KNOWLEDGE FOR GENERATIONS

ach generation has its unique needs and aspirations. When Charles Wiley first
opened his small printing shop in lower Manhattan in 1807, it was a generation
of boundless potential searching for an identity. And we were there, helping to
define a new American literary tradition. Over half a century later, in the midst
of the Second Industrial Revolution, it was a generation focused on building the
future. Once again, we were there, supplying the critical scientific, technical, and
engineering knowledge that helped frame the world. Throughout the 20th
Century, and into the new millennium, nations began to reach out beyond their
own borders and a new international community was born. Wiley was there,
expanding its operations around the world to enable a global exchange of ideas,
opinions, and know-how.

For 200 years, Wiley has been an integral part of each generation’s journey,
enabling the flow of information and understanding necessary to meet their needs
and fulfill their aspirations. Today, bold new technologies are changing the way
we live and learn. Wiley will be there, providing you the must-have knowledge
you need to imagine new worlds, new possibilities, and new opportunities.

Generations come and go, but you can always count on Wiley to provide you the
knowledge you need, when and where you need it!
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PRESIDENT AND CHIEF EXECUTIVE OFFICER CHAIRMAN OF THE BOARD
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Atomic Masses of the Elements
Based on the 2005 IUPAC Table of Atomic Masses

Atomic Atomic Atomic Atomic

Name Symbol Number Mass Name Symbol Number Mass
Actinium™ Ac 89 227 Meitnerium™ Mt 109 268
Aluminum Al 13 26.981538 Mendelevium* Md 101 258
Americium* Am 95 243 Mercury Hg 80 200.59
Antimony Sb 51 121.760 Molybdenum Mo 42 95.94
Argon Ar 18 39.948 Neodymium Nd 60 144.24
Arsenic As 33 74.92160 Neon Ne 10 20.1797
Astatine® At 85 210 Neptunium* Np 93 237
Barium Ba 56 137.327 Nickel Ni 28 58.6934
Berkelium* Bk 97 247 N@obium Nb 41 92.90638
Beryllium Be 4 9.012182 Nltrogen N 7 14.00674
Bismuth Bi 83 208.98038 Nobelium* No 102 259
Bohrium* Bh 107 264 Osmium Os 76 190.23
Boron B 5 10.811 Oxygen o 8 15.9994
Bromine Br 35 79.904 Palladium Pd 46 106.42
Cadlmiiom cd 48 112.411 Phosphorus P 15 30.973762
Callciumn Ca 20 40.078 Platmqm . Pt 78 195.078
Californium* cr 98 251 Plutonium Pu 94 244
Caidson C 6 12.0107 Polonium* Po 84 209
Cerium Ce 58 140.116 Potassium K 19 39.0983
Cadfar Cs 55 132.90545 Praseody'mluin Pr 59 140.90765
Chlorine cl 17 35.4527 Promethium Pm 61 145
Chromium Cr 2% 51.9961 Pr(()it'actlzlum Pa 91 231.03588
Cobalt Co 27 58933200  Racium L 88 226
Copper Cu 29 63.546 Ra ol Rn 86 222
Curium* Cm 96 247 Iﬂ”xen%um Re 75 186.207
Darmstadtium* ~ Ds 110 271 ittt L 45 102.90550

TR 105 262 Roentgenium Rg 111 272
Dubnium Db Rubidi Rb 37 85.4678
Dysprosium Dy 66 162.500 Ru t}i tum R 44 1 01‘ 07
Einsteinium* Es 99 252 uhentum - u :

. Rutherfordium Rf 104 261
Erbium Er 68 167.26 S i S 62 150.36
Europium Eu 63 151.964 amarium m :

- Scandium Se 21 44.955910
Fermium e 100 257 Seaborgium™ S 106 266
Fluorine F 9 189984032 gop 8 Re Y .
Francium* Fr 87 233 e . ‘
Gadolini Gd 64 15795 Silicon Si 14 28.0855

adofinium : Silver Ag 47 107.8682
Gallium Ga 31 69.723 Sodium Na 11 22.989770
Germanium Ge 32 72.61 .

Strontium Sr 38 87.62
Hafnium Hf 72 178.49 Tantalum Ta 73 180.9479
Has‘smm Hs 108 277 Technetium™* Te 43 98
Helium He 2 4.002602 Tellyrium Te 52 127.60
Holmium Ho 67 164.93032 Terbium Th 65 158.92534
Hydrogen H 1 1.00794 Thallium I 81 204.3833
Indium In 49 114.818 Thorium Th 90 232.0381
Iodine I 53 126.90447 Thulium Tm 69 168.93421
Iridium Ir 77 192.217 Tia Sn 50 118.710
Iron Fe 26 55.845 Titanium Ti 22 47.867
Krypton Kr 36 83.80 Tungsten w 74 183.94
Lanthanum La 57 138.9055 Utranium U 92 238.0289
Lawrencium® Lr 103 262 Vanadium A% 23 50.9415
L_ead Pb 82 207.2 Xenon Xe 54 131.29
Lithium Li 3 6.941 Ytterbium Yb 70 173.04
Lutetium Lu 71 174.967 Yttrium Y 39 88.90585
Magnesium Mg 12 24.3050 Zinc Zn 30 65.39
Manganese Mn 25 54.938049 Zirconium Zr 40 91.224

* This element has no stable isotopes. The atomic mass given is that of the isotope with the longest known half-life.

o
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Names, Formulas, and Charges of Common lons

Positive lons (Cations)

Negative lons (Anions)

Ammonium NH; Acetate C,H;0;5
Copper(I) Cu* Bromate BrO3
(Cuprous) Bromide Br-
1+ Hydrogen H Chlorate ClO;
Potassium K* ol cl
Silver Ag' Chlorite ClO;
Sodium Na* il CN™
Barium Ba** Fl}li)r:idcee F
Cadmium Cd** Hydride H
Calcium Ca®* Hydrogen carbonate = HCO3
Cobalt(IT) Co** (Bicarbonate)
Copper(II) Cu** 1- Hydrogen sulfate HSO,
(Cupric) (Bisulfate)
Iron(I1) Fe®* Hydrogen sulfite HSO;
(Ferrous) (Bisulfite)
2+ Lead(II) Pb** Hydroxide OH™
Magnesium Mg* Hypochlorite ClO~
Manganese(I1) Mn** Iodate 105
Mercury(11) Hg** Iodide I
(Mercuric) Nitrate NO;
Nickel( 11 ) Ni2+ Nitrite NO;
Tin(II) Sn** Perchlorate ClO;
7 Bepy) . Permanganate MnO;
A;nc - irll3+ Thiocyanate SCN™
uminum =
Antimony(III) sb* g;rbonatte EOS §
Arsenic(II1) As** omare S
Bismuth(II]) . Dichromate Cr,03"
St ! Oxalate C,05
3+ Chromium(IIT) Cr** o Oxide o0
3+
K ULT) Fe Peroxide 03
(Ferric) " o
Titanium(I1I) Ti* picet Sloi
(Titanous) Sulfate SO;
Manganese(IV) Mn** Sulfide s*
Tin(IV) Sp4t Sulfite SO3;~
44 (Stannic) Arsenate AsO;~
Titanium(IV) Ti** Borate BO3~
(Titanic) 3- Phosphate POy
5+ Antimony(V) Sb>* Phosphide 2
Arsenic(V) As™ Phosphite PO3
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Prefixes and Numerical Values for Sl Units
Power of 10
Prefix Symbol Numerical value equivalent
exa E] 1,000,000,000,000,000,000 108
peta P 1,000,000,000,000,000 100
tera T 1,000,000,000,000 1012
giga G 1,000,000,000 10°
mega M 1,000,000 10°
kilo k 1,000 10°
hecto h 100 10%
deka da 10 10!
— — 1 10°
deci d 0.1 107!
centi c 0.01 1072
milli m 0.001 1073
micro W 0.000001 10°¢
nano n 0.000000001 1077
pico p 0.000000000001 10712
femto f 0.000000000000001 1075
atto a 0.000000000000000001 10718
SI Units and Conversion Factors
Length Mass Volume
S| unit: meter (m) S| unit: kilogram (kg) Sl unit: cubic meter (m®
1 meter = 1000 millimeters 1 kilogram = 1000 grams 1 liter = 1000 milliliters
= 1.0936 yards = 2.20 pounds = 10°m?
1 centimeter = 0.3937 inch 1 gram = 1000 milligrams = 1dm®
1 inch = 2.54 centimeters 1 pound = 453.59 grams = 1.0567 quarts
(exactly) = 0.45359 kilogram 1 gallon = 4 quarts
1 kilometer = 0.62137 mile = 16 ounces = 8 pints
1 mile = 5280 feet 1 ton = 2000 pounds = 3.785 liters
= 1.609 kilometers = 907.185 kilograms 1 quart = 32 fluid ounces
1 angstrom = 107" meter 1 ounce = 28.3 grams = 0.946 liter
1 atomic = 4 cups
mass unit = 1.6606 X 107 kilograms 1 fluid
ounce = 29.6 mL
Temperature Energy Pressure
Sl unit: kelvin (K) Sl unit: joule (J) Sl unit: pascal (Pa)
0K = -273.15°C Ljoule = 1kgm?/s? 1pascal = 1kg/(ms?)
= —459.67°F = 0.23901 calorie 1 atmosphere = 101.325 kilopascals
K = °C +273.15 1 calorie = 4.184 joules = 760 torr
. (OF = 32) = 760 mm Hg
C =5 = 14.70 pounds
w é(°F _3) per square inch (psi)
9
°F = 1.8(°C) + 32
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The first person to invent
a car that runs on water...

.. may be sitting right in your classroom! Every
one of your students has the potential to make a ,
difference. And realizing that potential starts Y WILEY

right here, in your course. P I U S

When students succeed in your course—when

they stay on-task and make the breakthrough
that turns confusion into confidence—they are
empowered to realize the possibilities for

greatness that lie within each of them. We know your goal is to create
an environment where students reach their full potential and experience
the exhilaration of academic success that will last them a lifetime.
WileyPLUS can help you reach that goal.

WileyPLUS is an online suite of resources—including
the complete text—that will help your students:

* come to class better prepared for your lectures

* get immediate feedback and context-sensitive help on assignments
and quizzes

* track their progress throughout the course

“l just wanted to say how much this program helped me
in studying... | was able to actually see my mistakes and
correct them. ... | really think that other students should
have the chance to use WileyPLUS.”

Ashlee Krisko, Oakland University

www.wiley.com/college/wileyplus

their understanding of the material.”

o
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WileyPLUS is built around the activities you perform in your class each day. With WileyPLUS you can:

Create Assignments

Automate the assigning and grading

of homework or quizzes by using the
provided question banks, or by writing
your own.New to this edition are GO
(Guided Online) problems that provide

Prepare & Present

Create outstanding class presentations
using a wealth of resources such as
PowerPoint™ slides, image galleries,
Interactive LearningVWare, and more.
You can even add materials you have

Track Student Progress

Keep track of your students' progress
and analyze individual and overall class
results.

problem solving guidance in an interac-
tive format.

created yourself.

Now Available with WebCT and Blackboard!

WileyPLUS: Home

Help

Contact us | Logou

Demo: Hein, Foundations of College Chemistry, 12e

Demo Master Course

Chapter 7. Quantitative Composition of Compou

~ Reading content
Chapter Opener
7.

& Example 7.11

What is the mass of 5.00 mol of water?

1ass of Co

“It has been a great help, o
and | believe it has helped
me to achieve a better

7.5. Calculating Empiri
7.6. Calculating the M.

d
Additional E: ise:
Challenge Exercises

http://demo.wiley.ru:30010 - Refere - Microsoft Internet Explore
References Close
. .-

”» Glossary
grade. ce.
. . e e SOLUTION
Michael Morris, 5 a
[ References | EJ| From the formula, we find that the molar mass of HCl is 36.46 g |1.008g + 35.45g|. The sequence of
Columbia Basin College conversions i
8! How many moled gHCl —smolHCl —smolecules HCI
Using the conversion factors
1molHCl e 6.022 x 102 molecules HCI
36.46 gHCI mol HCI

we get

rAmm > 1smetHCT (6,022 x 10 molecules HCL | _ 7

é_\ B - (25'°M)(36,45M | aeier 4.13 x 10® molecules HCI 1

vl

FOR STUDENTS

You have the potential to make a difference!

WileyPLUS is a powerful online system packed with features to help you make the most
of your potential and get the best grade you can!

With WileyPLUS you get:

* Problem-solving help, instant grading,
and feedback on your homework and
quizzes.

A complete online version of your text

* The ability to track your progress and
and other study resources.

grades throughout the term.

For more information on what WileyPLUS can do to help you and your students reach their potential,

please visit www.wiley.com/college/wileyplus.

“Based on a survey of 972 student users of WileyPLUS

of students surveyed said it made

WILEY
them better prepared for tests. *

PLUS

o
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Foundations of
College Chemistry

ALTERNATE TWELFTH EDITION

Morris Hein
Mount San Antonio College

Susan Arena
University of Illinois, Urbana-Champaign

Jobn Wiley & Sons, Inc
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Executive Editor: Deborah Edson

Project Editor: Jennifer Yee

Marketing Manager: Amanda Wygal

Senior Production Editor: Sandra Dumas
Designer: Hope Miller

Senior Media Editor: Tom Kulesa

Photo Editor: Elle Wagner

Production Management: Ingrao Associates
Cover Photo: Kim Heacox/Stone/Getty Images

This book was set in 10/12 Minister Light by Preparé Inc. and printed and bound
by Quebecor/Versailles. The cover was printed by Phoenix Color Corporation.

This book is printed on acid free paper. co

Copyright © 2007 John Wiley & Sons, Inc. All rights reserved. No part of this publication
may be reproduced, stored in a retrieval system or transmitted in any form or by any
means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as
permitted under Sections 107 or 108 of the 1976 United States Copyright Act, without
either the prior written permission of the Publisher, or authorization through payment of
the appropriate per-copy fee to the Copyright Clearance Center, Inc. 222 Rosewood Drive,
Danvers, MA 01923, website www.copyright.com. Requests to the Publisher for permission
should be addressed to the Permissions Department, John Wiley & Sons, Inc.,

111 River Street, Hoboken, NJ 07030-5774, (201)748-6011, fax (201)748-6008,

website http://www.wiley.com/go/permissions.

To order books or for customer service please call 1-800-CALL WILEY (225-5945).

Hein, Morris
Foundations of college chemistry, 12th ed.

ISBN-13 978-0-471-77991-9
ISBN-10 0-471-77991-1

Printed in the United States of America
10 9 8 7 6 5 4 3 2 1

o



HEINMF02-i-xxx-hr3 9/21/06 10:42 AM Page xi $

An Education isn't how much you have committed to memory, or even how
much you know. It’s being able to differentiate between what you do know and
what you don’t. It’s knowing where to go to find out what you need to know;
and it’s knowing bow to use the information once you get it.

William Feather

For Our Future Generations

Dillon Brayden Prum
Great-grandson of Morris Hein
Jessica, Joshua, Moriah and David Hendrie
Lucia Cavaluzzi

Alexander Wettergren
Grandchildren of Susan Arena
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ABOUT THE AUTHORS

Morris Hein is professor emeritus of chemistry at Mt. San Antonio College,
where he regularly taught the preparatory chemistry course and organic chem-
istry. He is the original author of Foundations of College Chemistry and his name
has become synonymous with clarity, meticulous accuracy, and a step-by-step
approach that students can follow. Over the years, more than three million
students have learned chemistry using a text by Morris Hein. In addition to
Foundations of College Chemistry, Twelfth Edition, he is co-author of Introduc-
tion to General, Organic, and Biochemistry, Eighth Edition, and Introduction to
Organic and Biochemistry. He is also co-author of Foundations of Chemistry
in the Laboratory, Twelfth Edition, and Introduction to General, Organic and
Biochemistry in the Laboratory, Eighth Edition.

Susan Arena earned a BS and MA in Chemistry at California State University-
Fullerton. She has taught science and mathematics at all levels, including
middle school, high school, community college, and university. At the Univer-
sity of Illinois she developed a program for increasing the retention of minori-
ties and women in science and engineering. This program focused on using
active learning and peer teaching to encourage students to excel in the sciences.
She has coordinated and led workshops and progrms for science teachers from
elementary through college levels that encourage and support active learning
and creative science teaching techniques. For several years she was director of
an Institute for Chemical Education (ICE) field center in Southern California.
Susan enjoys reading, knitting, traveling, classic cars, and gardening in her spare
time when she is not playing with her grandchildren.
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