Istry

Study Gui‘de for
.Zumdahl

Chem

Steven S

e

w

S
)
O
Sl
©
N
an)
©
+
e
=
s




. =
~

(7\1 «

\:)

5

- q

2

Study Guide for
Chemistry
by

Steven S. Zumdahl

Martha B. Barrett

University of Colorado at Denver

-

'E9062239_ .

D. C. Heath and Company

Lexington, Massachusetts Toronto



Cover photo: Camera graphics produced on an MC 1600 computerized
optical printer. William Smythe/Slide Graphics of New England.

Copyright(:)1986 by D. C. Heath and Company.

All rights reserved. No part of this publication may be reproduced

or transmitted in any form or by any means, electronic or mechanical,
including photocopy, recording, or any information storage or retrieval
system, without permission in writing from the publisher.

Published simultaneously in Canada.

Printed in the United States of America.

International Standard Book Number: 0-669-04554-3



TABLE OF CONTENTS

Introduction...... o v 8 g mi e o o mu e s & BB B S EE S S RAEE  AMME Sy e e e e o e 1
Chapter 1: Chemical Foundatibns ......................................... 7
Chapter 2: Atoms, Molecules, and Ions.............oiiiiiiininennnnennn 21
Chaptef 3: Stoichiometry................ T R B S T TR T L LT 34
Chapter 4: Solution Stoichiometry and Chemical Analysis................. 50
Chapter 5: GaSeS........ciiuieereennnneesesenontesesnanaaeseenotstessansns 64
Chapter 6: Thermochemistry......... ...ttt 79
Chapter 7: Atomic Structure and Periodicity............ Goo v F e R MR w 94
Chapter 8: Bonding — General ConceptsS...........c.ccuiiiiiiieeneeenenn 115
Chapter 9: Covalenp Bonding - OFBLBELE, ; 3 5o mm e s smuns o wansinea s ide Fi 134
Chapter 10: Liquids and Solids..........c.uiininenineniniinenenanannen. 148
Chapter 11: Properties of Solutions..................... O 159
Chapter 12: Chemical Kinetics ..................... o ta e € e e 176
Chapter 13: Chemical Equilibrium...............coiiiiiiiiiiiinenen. 194
Chapter 14: Acids and BasesS...........ooeeuerennonenorensroneenasnassonsns 210
Chapter 15: Applications of Aqueous Equilibria.......................... 227
Chapter 16: Spontaneity, Entropy,.andvFree ENeLEY .o s cs snwms smaissommess 243
Chapter 17: Electrochemisgry.....................................; ...... 257
Chapter 18: The Representative Elements: Groups 1A — 4A................. 274
Chapter 19: The Representative Elemerits: Groups 5A - 7 R S R L 280
Chapter 20: Transition Metals and Coordination Chemistry........coounvunn 286
Chapter 21: The Nucleus — A Chemist's View..... e My e s mm K A 300
Chapter 22: Organic Chemistry.......... AP 313
Chapter 23: Biochemistry................. s EEEE S pam t o e« S TS EF RERE Y 326
Chapter 24: Industrial Chemistry...... i ................................. 333



INTRODUCTION

The study of chemistry offers many challenges to the beginning student.

Chemistry cannot be presented in a "linear" fashion. In some respects,
we must leap into the center of the subject, keep building on what we'’ve
studied, but keep returning to expand topics we have already covered.

Much of chemistry is not "concrete," but requires abstract models. When
you study introductory physics you can experiment with blocks sliding on
planes, or balls travelling through trajectories. But you cannot hold an
atom or molecule in your hand, or watch an electron in motion. When you
are using a model, remember that the model is not the reality, but a
simplified way of picturing a reality.

You may not feel comfortable with chemistry during your introductory
course: there are many topics to cover, and the pace is often swift.
Some students read the text over and over, and the” study guide as well,
waiting for the subject to become comfortable before they attack the
problems. Remember, chemistry is not a subject that can be mastered by
reading. In spite of your discomfort, plunge into the problems: much of
learning chemistry comes by doing.

Hints for Studying Chemistry

Don’t get behind! At most colleges and universities, at least three
hours of work are expected outside of class each week for every hour in
class. Don’t expect to master the material in one long study session

each week. Study chemistry often in shorter sessions.

Read the assigned material in the text before it is covered in lecture:
scan the chapter, pick out the key words, look at the sample problems.
Then read the material in earnest; work out the sample problems. Don't
expect the material to be crystal clear on the first pass. Do pick out
the concepts that seem unclear. 'Try some of the basic problems at the
end of the chapter. ‘

Take notes in lecture, but not at the expense of listening to, and trying
to understand the lecture. Mark the material you don't understand in
your notes. '

Ask questions! The only "dumb" question is the one you didn't ask. Some
instructors encourage questions in class. If it is not appropriate to
ask questions during a lecture, be sure to see your instructors after
class, in the lab, or during office hours. Don’t wait! New material
lurks in the next lecture. ‘

Read the material in the text again. "Do the problems.

Don’t spend too much time on any one problem. If you haven’t made a good
start within about 20 minutes, move on to another problem, or get help
from an instructor or classmate.



e Do as many problems as you can.

¢ Make a plan for your solution before you begin; the study guide will give
you examples.

* Write out the solutions to your problems: make the method of solution
clear; this will help you when you review, and is good practice for your
exams and quizzes. ‘

®* Carry out your solutions with appropriate units and significant figures.

s
e Does the numerical answer make sense? Do the units on the answer make
sense? If not, go back and look for errors.

* Don’t abuse the solutions, if they are available. It is too easy to look

at someone else’'s solution to say, "Oh yes, I understand how to do
that." The challenge is to be able to solve the problems yourself. On
the other hand, if you are making absolutely no headway on a problem
after a solid effort, reach for the solutions. Once that problem is

clear, solve another one like it, to check your understanding.

e Don’'t memorize methods of solving problems. Be able to think out the
solution. This study guide will give you some hints.

e If you are using a calculator on your exams, use your calculator to solve
all your problems. Be comfortable with your calculator before your
exams.

* Find a "buddy" or two to study with. Sometimes your understanding of a
topic is improved by explaining it to someone else. Sometimes your
fellow students understand your difficulties better than your instruc-
tor. Remember, though, in the end, it is your understanding that mat-
ters. Don’t let your buddies do all the work.

How to Use This Study Guide

Your text has lots of sample problems, with solutions, a list of key
terms and a chapter summary. Each section has a purpose listed, giving you
your objectives for the section. The study guide will focus on areas where
some students need extra help. The guide provides more examples, different
ways of solving problems, different approaches to key concepts. Each chapter
of the guide provides a quick short answer self-test. This self-test will
help you pick out areas that you need to concentrate on.

Studying for an Exam

e Go over your notes and the préblems that you’ve done.

¢ Do more problems for practice; do the problems with your book closed.



* Design your own practice test. What kinds of problems did your instruc—
tor focus on in class? Instructors all have their own styles——each will
give a different sort of exam. What do you know about your instructor’s
style? What kinds of problems were assigned? What sorts of questions
can you design to highlight the concepts you have covered? Remember,
‘there will be little rote memorization; the focus will be on understand-
ing concepts and solving problems.

® Be sure to get enough sleep the night before the exam. Make sure that

your calculator batteries are charged, and that you have sharpened
pencils ready.

Taking the Exam

e Take a deep breath. Relax. A little adrenalin improves your perfor-
mance. Too much adrenalin can paralyze you. Remember, you’ve done lots
of problems. And, your chemistry exam is designed to test your mastery
of chemistry, not your unique value as a human being.

®* Scan the entire exam before you begin.

® Pace yourself: if your exam is worth 100 points, and you have 50 minutes,
expect to complete at least 10 points of questions in 5 minutes. Don’t
spend too long on any one problem.

®* Do the problems or questions you find easiest first: remember, most exam
questions are not arranged in order of difficulty. You may find an easy
question at the end of the exam.

®* Do set the problem up, before you carry out any calculations. Make-your
method of solution clear.

* Carry out your calculations with significant figures and appropriate
units.

¢ Check that your answer makes sense. (These steps are ones you've prac-—

ticed during your problem solving. By now they should feel comfortable.)

After the Exam

.

* While the exam is fresh in your mind, look at your text and your notes to
clear up some of the puzzles. Then put thoughts of the exam aside.

® Your instructor may go over the exam in class, or post solutions to the
exam. Figure out what mistakes you made, and, if you can, why you made
them. What can you do differently next time? What did you learn about
the kinds of exams your instructor gives? Remember, your study of chem-
istry keeps building on the material you’ve already covered. If there
are holes in your understanding, ‘they will plague you again, either in
your study of new material, or on your final exam.



Using Your Calculator

Take time to explore the instruction book for your calculator. Then
practice. Use your calculator to solve the problems in the text. Use your
calculator to perform calculations in the laboratory. You need to be comfort-
able with your calculator before you face your first exam.

Entering Data

There are two different methods of entering data into calculators: RPN
(Reverse Polish Notation) and algebraic notation (direct formula entry).

RPN resembles computer programming. Calculators using RPN have an ENTER
key. To add 5 and 7 on an RPN calculator the key sequence is: 5 ENTER
7 + ; to multiply 5 and 7 the key sequence is: 5 ENTER 7 X .
You can enter a formula directly as written into a calculator using
algebraic notation. To add 5 and 7 on a calculator using algebraic notation

the key sequence is: 5 + 7 = ; to multiply 5 and 7 the key sequence is: 5
Xx 7 = . Calculators using algebraic notation have an equals (=) key.
Operations

You can carry out a series of operations on your calculator. But, be
aware that each calculator has its own priorities for carrying out operations
in a string.

If you have a calculator using algebraic notation try this key sequence.
2.+ 3 x 3 =

What is your answer? 11. 2 + 3 X 3 is translated by your calculator into
2 + (3 x 3). Your calculator completes multiplication before it completes
addition. If you wanted to calculate (2 + 3) X 3 you would use parentheses
[ ( 2 + 3 ) x 3 =] or use the "equals" key after 2 + 3: [ 2 + 3
= X 3 =1].

Exercise care when "stringing together" division and multiplication. For
example, to calculate

1.45 X 2.62
17.1 x .543

Multiply 1.45 by 2.62, divide by 17.1 and divide by .543.

Estimate answers to catch errors. For example, in the preceding calcula-
tion we could estimate that the answer ‘would be approximately

1.5 _ 2.5 1 1
s X —g R g X 5 = 7= .500
Check the answer on your calculator. [.409141331...]. TIf you found
.1206... you made an error in your calculations. Can you find the error?



Significant Figures

A calculator may show too many significant figures after a calculation.
We must round off the answer above to three significant figures, .409. Some-
times a calculator shows too. few significant figures, Calculate

Some calculators do not show "trailing" -zeros unless they are needed to locate
a decimal point; these calculators show

not 2.000. Remember, you need to keep track of significant figures: your
calculator won't. )

Scientific Notation

Learn to enter numbers in scientific notation.
To enter 1.5 X 108, use the key sequence
1 « 5 EXP (or EE! ) 6

Do not use the x key!

Your calculator reads 1.5 06.

To enter 7.2 x 1075, use the key sequence

7 e+ 2 EXP +/- (or CHS ) 5

Your calculator reads 7.2 —.05-. If you use the "change sign" key ( +/-

or CHS ) before you use the exponent key, you change the sign of the number;

if you use the "change sign" key after you use the exponent key you only
change the sign of the exponent.

Other Function Keys

Learn to:

Take logarithms to the base 10: LOG
Take logarithms to the base e: IN
Raise 10 to a power: 10* or INV LOG

Raise a number y to a power x:

For example 34: 3 yX 4 =



To take squares and square roots: x2 , Jx

To invert a number: 1/x

Making Corrections

Learn to use your "clear" key [ C " CeCE ], to make corrections. Usually
an incorrect entry can be replaced so long as it has not been followed by an

operation. For example, if you enter 7 X 5 , on a calculator using
algebraic notation but the 5 should be a 6, use your "clear" key once: GC 6
= 42. If the "clear" key is pressed twice, the calculator will be
completely cleared. If.the "clear" key is pressed once after an operations
key [ X, = , etc.] the calculatar will be completely cleared.
Units

Remember to include units in your answers — your calculator won't keep

track of them for you.

Care and Feeding

Treat your calculator gently. Don’'t tuck it in your back pocket, as you
might damage it when you sit down. Don’'t let your calculator be crushed by
books in your back pack. Keep your calculator dry - avoid contact with
coffee, soft drinks and wet bathing suits! Keep your calculator away from
heat — avoid hot radiators in the winter and hot vehicles in the summer sun.

Use your calculator often. Return to your instruction book now and then
to explore and learn more about your calculator.

If your calculator uses batteries you might want to replace them before
they fail completely. Avoid having your calculator "die" during an exam.

Enjoy your calculator. It may be frustrating at times - but calculators
are easier to use (and friendlier) than slide rules, log tables and/or hand
calculation.
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CHAPTER ONE: CHEMICAL FOUNDATIONS

Chemistry is an experimental science, a systematic study of matter, the
"stuff" of the universe, and the changes that matter undergoes. Much of
chemistry involves quantitative observations, measurements, and the search for
patterns among the observations.

Each measurement must be recorded with units and some indication of the
uncertainty of the measurement. '

Most scientists, and most of the nonscientific world, use the metric

system (SI) of units. Most Americans resist the metric system, wary of
converting inches to centimeters (1 in = 2.54 cm), quarts to liters (1 qt =
.9464 L), miles to kilometers (1 mi = 1.61 km). However, converting among

units in the metric system is much easier than in the English system. And
once we abandon the English system, these curious conversion factors will be
of only historical interest. <
You can begin to develop a "metric feel" for the world by remembering:
A dime is about 1 millimeter thick.
Your little finger is about 1 centimeter wide.

Your pace is about 1 meter long (a bit longer than 1 yard).

A cup of water is nearly 1/4 of a liter (.237 L) and weighs
nearly 1/4 of a kilogram.

You will probably be asked to convert measurements between the English
system and the metric system fo ice, but most of a chemist’s calcula-
tions stay within the metric s

nce deal wz% very small numbers (e.g., the mass
. e.g#k,/ the number of water molecules in a

Many measurements in sci
of an atom), and very large n
"teaspoonful"). To simplify
(or "exponential" notation).

Exponents
First, a quick review of exponents: (See Appendix 1.1.)
Exponent “
10* = 10 x 10 % 10 % 10 Y

-Base

i) When multiplying two numbers’ expressed to the same base, add
exponents:

104 x 10% = (10 x 10 x 10 x 10) X (10 x 10 x 10) = 104 * 3 = 107



ii) When dividing two numbers expressed to the same base, subtract

exponents:
105 10X 10 %10 X 10X 10 _ .op— g _ q1ps
107 10 x 10 = 10 =
Then, .
102 10 x 10. - 1

- 102 - 5 = 1073

105 ~ 10 x 10 x 10 x 10 x 10 10 x 10 x 10
s
Therefore, negative exponents represent numbers smaller than 1.

3
And: %%g = 103 - 3 =109, which is 1.

Problem 1-1:
Multiply: (3.2 x 10*) x (1.6 x 102%):
Solution: N

Rearrange and multiply: (3.2 x 1.6) x (10% x 10%2) = 5.12 x 10¢4 * 2
= 5.12 x 10¢

Problem 1-2:

ot i DaD Ly X 102
Divide: 1,56 x 107
Solution:
Rearrange: —;él X 102
&€ 156 ~ 10°

2.25 x 10¢2 - 3 = 2,25 x 107!

Exponential Notation _

Any number can be written as a number between 1 and 10, times a power of
ten. For example: 357 can be written as 3.57 x 10%2; .0273 can be written as
2.73 x 10r#,



Problem 1-3:

a. Write 5081 in exponential notation:
Solution:

ﬁrite 5081 x 10° (Remember 10° = 1)

Move the decimal point to the left three places, to give a number between
1 and 10.

Increase the power of ten by 1 for each place you move the decimal point
to the left.

5081. x 10° = 5.081 x 10%
b. Write .0000769 in exponential form :
Solution: N
Write .0000769 x 10°
Move the decimal point‘to the right five places.

Decrease the power of ten by 1 for each place you move the decimal point
to the right.

.0000769 x 10° = 7.69 x 1078
Learn to enter exponential numbers on your calculator:
Check your instruction book:
For example, to enter 5.081 x 10% key in:
5 . 0 8 1 EXP 3 (or 10* : Find your exponent key)
Your display will show 5.081 03
the coéificient the power of 10
To enter: 7.69 X 1075 key in: >
7 . 6 9 EXP +/- 5
(Hint: Use the "Change Sign" key after the- exponent key.)
P

Your display should read 7.69 -05

the coefficient the power of 10

°



Use your calculator to multiply:.
(5.081 x 10*3) x (7.69 x 1075) = 3.907....‘x 1071
or .3907....
Learn to estimate your answer: )
5.081 x 103.is about 5 x 103
7.69 x 1075 ig about 8 x 105
Our answer should be about 5 x 8 x 102 x 10-5
~ 40 x 102
or 4 x 10 or .4

You can use your estimated answer to check your calculator’s answer (or
your entry on the calculator).

The Metric System

The metric system uses prefixes to designate larger and smaller units of

measure. For example, the prefix centi indicates 1/100th; a centimeter is
1/100th of a meter. The prefix kilo indicates 1000; a kilometer is 1000
meters. We can "convert" from one unit of measure to another by moving the

decimal point the appropriate number of places.
Problem 1-4:

a. A rod is 2.56 m (meters) long. How long is this rod in cm
(centimeters)?

Solution:
1 meter = 100 centimeters

This rod is 2.56 m X 19%—39 = 256 cm

b. A package weighs 468 grams. How many kilograms does it weigh?
Solution:

1 kilogram = 1000 grams

i i 1 kilogran of 1 Kilogram

9" © &Tam = gpg <llogram o 15 ams
This package weighs: 468 g x LU = 468 kg

’ 1000 g -~

Memorize the meaning of the most common prefixes in Table 1.2.

10



Uncertainty

Every measurement involves some uncertainty. If you measure the length
of a book with a centimeter ruler, your result will depend on how you position
the "zero" point of your ruler, the angle that you read the scale on the
ruler, how you estimate the position of the edge of the book, how finely
divided the scale is, and how accurate the divisions are.

You should estimate and record the uncertainty of every measurement you
make. Record all the certain digits and.the first uncertain (estimated) digit
in your measurement. These digits are called "significant figures."

If you measure a book with your centimeter ruler, and you record 23.6 cm,
you are indicating that the book is 23.6 % .1 cm (or between 23.5 and 23.7 cm)
long. If you record 23, you are indicating the book is between 22 and 24 cm
long. 23.6 has three significant figures, 23 has two significant figures.

Often you will calculate a result by combining uncertain measurements.
Each result will also be uncertain. )

Problem 1-5:
For example, you can determine the density of an object in the lab by
weighing it, and measuring the volume of water it displaces in a graduated
cylinder.
If you record the following data:
Mass of the object: 16.721 g
Volume reading of water in the cylinder: 22.7 cm?
Volume reading of water + object in the cylinder: 34.5 em®
a. What is the volume of the object?
Solution:

~

34.5 cm® * .1 cm®
-22.7 cm® * .1 cmd
11.8 cm® The uncertainty in the volume is at least * .1 cm®

b. What is the density?

Solution:
m_ 16.721 g

" +
v I1.8 cmd®

.001 g
.1 em®

The calculator reads = 1.417033898 g/cm?

s

11



How well do we really know the density?

If our estimates of uncertainty are right:

The density could be as large as 18- .1 1.42923....

16.721 + .001

0
swlm

(using the largest mass and the smallest volume).

Or as small as

16.721 - .001
1.8 + .1

g
cms

= 1.405....
, cm

(using the smallest mass and the largest volume) .

1.42 g

Therefore we should express the density as ==

[The uncertainty is about lgégg].

Significant Figures

We’ll use rules for "significant" figures to estimate the uncertainty in
our calculated results.

. L

In multiplication or division, the number of significant figures in a
result is the same as the number of significant figures in the input
factor with the fewest number of significant figures.

In our density problem, 16.721 has 5 significant figures;
11.8 has 3 significant figures.
Therefore, the density should have 3 significant figures
1.417.... g/cm®
is closer to 1.42 than to 1.41.
Thus our answer was 1.42 g/cm3.
(Look agrthe "rounding rules" to come.)
In addition or subtraction, align the decimal points Eor the numbers

and ¢arry out the calculation. Then, find the first column from the
left with an uncertain digit: that column determines the uncertain

digit in your answer.

12



For example: Add 18.172, 5.18 and .0015

18.172
5.18
.0015
23,2535

certain first uncertain
The answer will be 23.25, with .four significant figures.

Don't be misled by the enticing results on your calculator. Express
each result with appropriate significant figures and units.

Hints: All non-zero digits are significant.

Leading zeros just determine the position of the decimal
point and are not significant.

Trailing zeros after a decimal point or followed by a decimal
point are significant.

Trailing zeros without a decimal point are ambiguous: these
zeros may or may not be significant; you may have to decide
from the context of the problem.

Numbers written in exponential form are not ambiguous.

Consider these numbers:

=
(=,
N
&~
(&)
I

2.45 x 1073 3 significant figures
The leading zeros /_\/ .
are not significant

715.0 = 7.150 x 102 4 significant figures

5500 = 5.5 x 103 2 significant figures

. or = 5.50 x 10° 3 significant figures
or = 5.500 x 10° 4 significant figures

Some measured numbers are exact. Counted numbers are exact (e.g., 35
students, 144 pens). >

Other numbers are exact by definition: e.g., 1 kilogram equals
exactly 1000 grams. Exact numbers never limit significant figures in
calculations.
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