DOCKET

A

Find authenticated court documents without watermarks at docketalarm.com.

LARM



https://www.docketalarm.com/

Address editorial correspondence to

D. C. Heath and Company
125 Spring Street
Lexington, MA 02173

Acquisitions Editor: Kent Porter Hamann
Project Consultant: Richard E. Morel
Production Editor: Karen Wise

Designer: Kenneth Hollman

Production Coordinator: Lisa Merrill

Art Editor: Gary Crespo

Photo Researcher: Mark Corsey

Text Permissions Editor: Margaret Roll

Copyright © 1993 by D. C. Heath and Company.
Previous editions copyright © 1989, 1986 by D. C. Heath and Company.-

transmitted in any

recording, or an¥
the pub]lsh€f<

All rights reserved. No part of this publication may be reproduced or
form or by any means, electronic or mechanical, including photocopy
information storage or retrieval system, without permission in writing from

Published simultaneously in Canada.
Printed in the United States of America.
International Standard Book Number: 0-669-32462-0

Library of Congress Catalog Number: 92-70801
109876

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

128
6+
,ﬁ/}'
o - J"
20" O 105°
L Y

Figure 4.1

(a) The water molecule is polar.
(b) A space-filling model of the
water molecule.
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Chapter Four Types of Chemical Reactions and Solufion Stoichiometry

4.1 Water, the Common Solvent
Purpose

* To show why the polar nature of water makes it o1 effective solven;

Water is one of the most important substances on earth. [t is essential for SUStaip.
ing the reactions that keep us alive, but it also affects our lives in many indire
ways. Water helps moderate the earth’s temperature; it cools automobile engines
nuclear power plants, and many industrial processes; it provides a means of transi
portation on the earth’s surface and a medium for the growth of a myriad of Crea-
tures we use as food; and much more.

One of the most valuable properties of water is its ability to dissolve many
different substances. For example, salt disappears when you sprinkle it into the
water used to cook vegetables, as does sugar when you add it to your iced tea. |y
cach case the **disappearing’” substance is obviously still present—you can taste it,
What happens when a solid dissolves? To understand this process, we need (o
consider the nature of water. Liquid water consists of a collection of H>0 mole-
cules. An individual H,O molecule is ‘‘bent’” or V-shaped, with an H—O0—H
angle of approximately 105 degrees:

105° H
”\%ﬂ/

The O—H bonds in the water molecule are covalent bonds formed by electron
sharing between the oxygen and hydrogen atoms. However, the electrons of the
bond are not shared equally between these atoms. For reasons we will discuss in
later chapters, oxygen has a greater attraction for electrons than does hydrogen. If
the electrons were shared equally between the two atoms. both would be electrically
neutral because, on average, the number of electrons around each would equal the
number of protons in that nucleus. However, because the oxygen atom has a greater
attraction for electrons, the shared electrons tend to spend more time close to the
oxygen than to either of the hydrogens. Thus the

3 i Oxygen atom gains a slight excess
of negative charge, and the hydrogen

A atoms become slightly positive. This is shown
in Fig. 4.1, where & (delta) indicates a partial charge (less than one unit of charge).
Because of this unequal charge distribution, water is
is this polarity that gives water its great ability to dissolve compounds.

A schematic of an ionic solid dissolving in water is shown in Fig. 4.2. Note that
the **positive ends’” of the water molecules are attracted to the negatively charged
anions and that the “‘negative ends’” are attracted to the positively charged cations-
This process is called hydration. The hydration of its ions tends to cause a salt ¢
“fall apart” in the water, or to dissolve. The strong forces present among the
positive and negative ions of the solid are replaced by strong water—ion interaction’:

It is very important to recognize that when ionic subs?ances (salts) dissolve n
water, they break up into the individual cations and anions. For instance, WheP
ammonium nitrate (NH4NO;) dissolves in water, the resulting solution contains

NH4" and NO;™ ions moving around independently. This process can be reP™
sented as

said to be a polar molecule. It

H.Ou
NH4NO3(s) —— NH,*(aq) + NO;~(aq)

where (aq) designates that the ions are h

ater
ydrated by unspecified numbers of walc
molecules.
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Figure 4.2

Polar water molecules interact
with the positive and negative
ions of a salt, assisting in the

dissolving process.

The solubility of ionic substances in water varies greatly. For example, sodium
chloride is quite soluble in water, whereas silver chloride (contains Ag* and Cl1~
ions) is only very slightly soluble. The differences in the solubilities of ionic com-
pounds in water typically depend on the relative attractions of the ions for each other
(these forces hold the solid together) and the attractions of the ions for water mole-
cules (which canse the solid to disperse [dissolvel in water). Solubility is a complex
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Figure 4.3

(a) The ethanol molecyle contains

a polar O—H bond similar to

those in the water molecule.

'(bt) Thetspolor wlcter molecule

Interacts strongly with the polar
—H bond in ethanol. Thig is a

case of “like dissolving like."”

An electrolyte is a substance that
when dissolved in water produces a
solution that can conduct electricity.
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topic that we will explore in much more detail in Chapt.er 1. However, {
important thing to remember at this point is that when an ionic solid does dissolve i,
water, the ions become hydrated and are dispersed (move around iﬂdependenﬂy)

Water also dissolves many nonionic substances. Ethanol (C,HsOH), for exam.l
ple, is very soluble in water. Wine, beer, and mixed drinks are aqueous solutions of
ethanol and other substances. Why is ethanol so soluble in water? The answer lies ip
the structure of the alcohol molecules, which is shown in Fig. 4.3(a). The molecyle
contains a polar O—H bond like those in water, which makes it very compatible
with water. The interaction of water with ethanol is represented in Fig. 4.3(p)

Many substances do not dissolve in water. Pure water will not, for example,
dissolve animal fat, because fat molecules are nonpolar and do not interact effec-
tively with polar water molecules. In general, polar and ionic substances are ey.
pected to be more soluble in water than nonpolar substances. ‘‘Like dissolves like”
is a useful rule for predicting solubility. We will explore the basis for this generali-
zation when we discuss the details of solution formation in Chapter 11.

ht’. I{msI

4.2 The Nature of Aqueous Solutions: Strong
and Weak Electrolytes

Purpose

* To characterize strong electrolytes, weak electrolytes, and
nonelectrolytes.

As we discussed in Chapter 2, a solution is a homogeneous mixture. It is the
same throughout (the first sip of a cup of coffee is the same as the last), but 18
composition can be varied by changing the amount of dissolved substances (one "
make weak or strong coffee). In this section we will consider what happens when?
substance, the solute, is dissolved in liquid water, the solvent. e

One useful property for characterizing a solution is its electrical conductivit!
its ability to conduct an electric current. This characteristic can be checked CP“"i
niently by using an apparatus like the one shown in Fig. 4.4. If the so]utign in Tn-
container conducts electricity, the bulb lights. Pure water is not an electrical €©
ductor. However, some aqueous solutions conduct current very efficiently, an ol
bulb shines very brightly; these solutions contain strong electrolytes. Ot.her Scoﬂ'
tions conduct only a small current, and the bulb glows dimly; these solutions s
tain weak electrolytes. Some solutions permit no current to flow, and the
remains unlit; these solutions contain nonelectrolytes.

L A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

