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PREFACE

T'he author believes that the contents of this small text present the
basic facts of general chemistry in a palatable, digestible and assimilable
form. The author further believes that the average student—employing
an average amount of effort—can master the complete text without
auxiliarv explanation. These presumptuous beliefs stem from the great
care exercised in the preparation of the text, and from the favorable
remarks expressed by the author’s students concerning his technique of
presentation. Every page of the manuscript was read by the author’s
non-chemist wife. Whenever she experienced the slightest difficulty in
comprehension, the wording was altered accordingly. Various sections
of the manuscript were also read by students. Their collective degree of
comprehension—as ascertained by interrogation—served as a most
valuable guide in the writing of those particular sections.

The scope of the text is commensurate with any academic progsam
where a short course in general chemistry is offered or required. Since
the bulk of such programs (e.g., nursing, home economics, nutrition,
physical education, health, etc.) are either directly or indirectly con-
cerned with the biological sciences (especially physiology), most of the
applications have been in that area. The student nurse, for example, will
discover that the chemical aspects of pharmacology, physiology and
microbiology are presented in toto. In no case, however, has the author
allowed any segment of the book to be prostituted by specific applica-
tions peculiar to a given profession. The nurse, for example, will not be
told how to administer ether, and the student of nutrition will not find
a table of calories. Such a practice interferes with the logical develop-
ment of ideas, and destroys the book for all concerned.

The sequence of presentation is of paramount importance in a book of
introductory chemistry. To be early or tardy in the introduction of a
new idea usually dooms the idea and the galaxy of thoughts which the
idea was supposed to have created. For this reason, every attempt has
been made to synchronize all facts. The scheme of the book is as fol-
lows: Chapters 1 to 5 present the essential ideas and mechanics of
inorganic chemistry; Chapters 6 and 7 apply the facts of the foregoing
chapters to important elements and their compounds; Chapter 8§ demon-
strates the value of arithmetic in dealing with chemical problems;
Chapter 9 is devoted to the principles and applications of colloidal
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iv PREFACE

chemistry; Chapter 10 presents a synopsis of the cardinal facts of
organic chemistry; Chapter 11 presents a synopsis of the chief bio-
chemical reactions in physiology; and Chapter 12 discusses the present
status of nuclear chemistry.

It is hoped that instructors will find this small text a refreshing change.
The lack of a suitable chemistry in nursing, for example, has long been
recognized by the author and his associates. As a matter of fact, this was
the prime motive behind this work. Although time is the ultimate
judge of any book, the author believes that an improvement has been
presented.

The author wishes to acknowledge the assistance of Mrs. Marie E.
Litterer in the preparation of the illustrations.

STEWART M. BROOKS
March, 1956
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CHAPTER 1

INTRODUCTION

Matter and energy constitute the universe. Matter is said to be anything
which occupies space and has weight, while energy is probably best
defincd by saying that it is the ability to do work. Just what energy
really is seems at present to be beyond even our loftiest of minds. How-
ever, all of us are familiar with its common forms and manifestations.
The six common forms of energy are: heat, mechanical, electrical,
chemical, light and sound. From a practical point of view, then, anything
which gives us power, and is not capable of occupying space or having
weight, is energy—all else is matter. In this work we shall be concerned
with the study of matter—chemistry. The study of energy is called
physics.

LAW OF CONSERVATION OF MATTER

Experimentally established by the great French scientist and father of
chemistry, Lavoisier, the Law of Conservation of Matter states that
matter is neither created nor destroyed, but may be changed from one
form into another. Before Lavoisiers time this was not appreciated
because scientists were misled by the phenomenon of burning. They.
reasoned that the substance which burns is changed into a weightless
state which escapes into the air, never to be returned. By an ingenious
experiment Lavoisier removed this fallacy, and made way for future
scientists to develop the beautiful science of chemistry. He proved that
when a substance burns in air it combines with oxygen and actually
becomes heavier, because the substance now has the additional weight
of the oxygen. This principle can be readily demonstrated by burning a
piece of magnesium ribbon and then weighing the white ash which
remains—the ash weighs more than the original ribbon!

LAW OF CONSERVATION OF ENERGY

The Law of Conservation of Energy is identical to the above. It is
common experience that energy may change from one form into another
form. That thé form disappears is true, but the energy which it possessed
is of the same magnitude in the new form. When heat is applied to
water, and the steam is made to turn a wheel, and the wheel in turn
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made to run a generator to produce electricity, we are passing through
three forms of energy:-heat, mechanical and electrical. Theoretically,
the quantity of electrical energy is equal to the quantity of heat energy.

A REVISED CONCEPT

Our atomic age has suggested some drastic changes in fundamental
thinking relative to matter and energy. A concert of genius, effort and
billion-volt machines has enabled man to look closer at the true “sub-
stance” of the earth and the universe. It is now a known fact that matter
can be transformed into energy. This was predicted by Einstein in his
now famous equation, E = mc?; i.e., energy equals mass (matter) times
the speed of light squared; this fact was established by the first atomic
blast. Although the Law of Conservation of Matter seems to be some-
what voided by this fact, let us not lose sight of its tremendous value
to “everyday chemistry,” which is what concerns us here. For all prac-
tical purposes, the law stands. It is interesting to note, however, that
some scientists believe that energy and matter are one and the same.
They look upon matter as being concentrated energy. Although it is not
possible to conceive of this in conventional terms, modern mathematics
and atomic research allow considerable support. At any rate, this con-
cept gives us a better understanding of what is implied by those scientists
who make mention of a “unified theory.”

CHANGES IN MATTER

Matter may undergo two kinds of changes: physical and chemical.
Any change which does not alter the composition of a substance is called
a physical change. The breaking of glass, the melting of ice, and the
boiling of water are physical changes because their internal constitu-
tion remains the same. Water is water whether it is ice or steam; and
glass is glass whether it is in the window or smashed into pieces by a
student who should have been studying chemistry. On the other hand,
any change which alters the composition of a substance is a chemical
change. In this type of change one or more new substances are formed
from the original substance. The souring of milk, the rusting of iron, the
burning of paper, and the explosion of gunpowder are examples of
chemical changes. In each instance the internal composition has been
altered in such a way that the original substance no longer exists.

CHEMICAL AND PHYSICAL PROPERTIES
The chemist is exact and precise in his description of matter. Once
a new substance is discovered he makes a careful study of all its prop-
erties. The properties which are ascribed to pure chemical substances
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are of two kinds: chemical and physical. A physical property is a char-
acteristic of a substance which may be ascertained or observed without
chemical action; a chemical property is a characteristic which is de-
termined by observing its action, or lack of action, with other substances.
To illustrate, let us consider the well-known gas oxygen. Oxygen is
colorless, heavier than air, and insoluble in water; these are its physical
properties. The fact that it reacts with other substances to support
combustion is a chemical property. Since it does burn itself, this would
be a chemical property of a negative nature. Any, large work on
chemistry always contains a detailed account of the physical and chemi-
cal properties of important compounds.

STATES OF MATTER

Matter may exist in three states, or forms: solid, liquid and gaseous.
A solid is characterized by its definite shape and volume; a liquid by its
definite volume and readincss to assume the shape of the receptacle
into which it is placed; and a gas by its indefinite shape and volume.
Many substances may exist in two or all three states. Such a substance,
however, retains the same composition regardless of its state. As pointed
out above, water is water whether it is liquid, steam or ice. The change
of state is a physical act. It is now known that the three states of matter
are merely examples of an energy differential. In the solid condition the
molecules (to be discussed later) have little energy and, therefore,
possess little motion. This allows for more compactness and accounts
for the density of the solid state. In the gaseous state the molecules of
a substance have the greatest amount of energy, and are in rapid motion.
This accounts for the swift movement and diffusion of the gaseous state.
The liquid state is merely an intermediate energy level. The energy dif-
ferential of the three states is readily appreciated when one compares
the amount of energy needed to convert ice and water to steam. Since
ice, the solid state, represents a lower energy level than liquid water, it
follows that more heat energy must be added to the former than the

latter.

KINDS OF MATTER

First of all let us attempt to explain what we mean by the rather
awkward term, substance. As may be inferred by those who have read
this far, the word has been employed already many times for the want
of a better noun. A glance at the dictionary will convince one of its
fluid character. Perhaps it is best to say that it is synonymous with the
word matter, and used frequently in this text to avoid monotony. To be
sure, there are three kinds of matter (or substances): elements, com-

pounds and mixtures.
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Elements. An element is a substance which cannot be de-
composed into simpler material by any ordinary chemical means. (Years
ago an element would have been defined simply as a substance which
cannot be decomposed into simpler material, with the phrase “by
ordinary chemical means” omitted. Subsequently we shall see that this
change was caused by our present concept of atomic structure.) The
earth and its flora and fauna are constituted by 92 of these elemental
substances in an astronomical number of combinations. All things which
compose our material world are either elemental in nature or, as is
usually the case, composed of a combination of elements. In order that
the chemist may conveniently describe the constitution of matter he em-
ploys a system of chemical shorthand whereby each element is assigned a
symbol. The symbol consists of one or two letters of the English or
Latin name of the element. The following elements are important to us
because they are the principal constituents of our biologic world:

Element * Symbol
Oxygen ........... O
Carbon. .. C
Hydrogen . . H
Nitrogen . . N
Calcium. . Ca
Phosphorus P
Potassium K
Sulfur. . .. .. S
Sodium... ..... Na
Chlorine. ... .. . Cl
Magnesium. . . .. . Mg
Iron........... . Fe
Manganese ..... . Mn
Copper.... .. . Cu
Iodine.......... R |

* See Appendix for complete list of elements.

CLASSIFICATION OF THE ELEMENTs. Elements are classified into
two general classes: metals and nonmetals. Chemically, some elements
exhibit both metallic and nonmetallic properties; such elements are
called amphoteric elements. The table below presents the more char-
acteristic properties of metals and nonmetals.

Metals Nonmetals
Physical Properties  Lustrous Nonlustrous
All solids (except mercury) at Solids and gases at room
room temperature temperature
Generally high density Low density

Good conductors of clectricity Poor conductors
Chemical Properties Have an affinity for nonmetals; Have an affinity for metals;
do not chemically combine do not combine with each
with each other other
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Compounds. A compound is a substance consisting of two or
more elements chemically united; that is, combined in such a manner
that each constituent element has lost its individual characteristics. Each
compound has its own static personality by virtue of another very basic
law of chemistry: the Law of Definite Proportions. The Law of Definite
Proportions states that when two or more elements chemically combine,
they always do so in a definite proportion by weight. If this were not
true, and elements were as changeable as the weather in the proportion
in which they combined with one another, the resulting compound
would have variable properties. That this is not the case is most
fortunate, for it would mean that when hydrogen and oxygen combine
to for:u water in Moscow it would not necessarily be the same as water
formed from a combination of hydrogen and oxygen in the city of New
York. The Law of Conservation of Matter and the Law of Definite
Proportions, then, render validity to the whole science of chemistry, for
without matter’s unyielding devotion to these two principles man would
be unable to have confidence in his material world. Cane sugar, table
salt and water are three common examples of true compounds.

Mixtures. A mixture is a substance consisting of two or more
elements or compounds not chemically combined and in any proportion.
Anything that is not a pure compound or a pure element is a mixture
by virtue of deductive reasoning. Air, soil, pctroleum, candy and blood
are representative examples of mixtures. A mixture may be conveniently
differentiated from a compound by reference to the following table.

Mxture Compound
1. Constituents retain individual proper- 1. Do not retain properties.
ties.
2. No definite composition by weight. 2. Definite composition.
3. Can be separated into its constituents 3. Can be separated only by chemical
by mechanical means. means.
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QUESTIONS

Matching: Write the number of the word or expression found in Column II in
front of each word or expression in Column I which shows the most relation.

Column 1
- _matter

_ __._._cnergy
- .—___matter destroyed

liquid to a gas

candy

—_chemical change

molecules in rapid motion

salt

nitrogen

—____poor conductors

t9

HOw

NN R~ NEO

Column 11

. a gas

. E=m¢?

a mixture

. ordinarily, neither created nor de-

stroyed

work

. nonmetals

. a compound

. ripening of a banana
. physical change

10.

an element



CHAPTER 2

STRUCTURE AND BEHAVIOR
OF MATTER

W hat would the “end product” look like if one were to take a piece of
matter, say a stone, and by some means break it up into an infinite
number of pieces? More specifically, is there a fundamental unit of
matter? If so, what is its structure and behavior? Man has pondered
such questions for 2000 years. This chapter is concerned with the prod-
uct of his efforts to supply the answers.

ATOMIC THEORY

In the ycar 1803, the brilliant deductions of John Dalton presented
to man the first unified idea concerning the structure and behavior of
matter. He proposed his deductions after deep consideration and ap-
preciation of thc two most fundamental laws of chemistry—the laws
with which we arc already familiar, the Law of Conservation of Matter
and the Law of Definite Proportions.

Dalton’s deductions, classically refcrred to as the Atomic Theory,
make the following assumptions:

1. All matter is composed of very small particles, called atoms.

2. All the atoms of the same element arc cxactly alike in size, shape
and weight, but differ in all respects from the atoms of every other
clement.

3. Atoms of most elements are able to unite with the atoms of other
elements.

4. In all chemical changes atoms do not break up, but act as in-
dividual units.

As suggested in this theory, let us adopt the atom as our unit and
see if we can refine the thoughts which have already been expressed. A
slight glance at the second and third statements will crystallize the rather
nebulous definitions which were offered for the element and compound.
We said that an element was the simplest type of matter because it
could not be broken down into a more simple substance by ordinary
means. Although this is a valid definition, we are now able to offer an
alternate and more precise description: An element is a substance mude

7
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up of like atoms. This explains in a very fundamental way why an ele-
ment is the most elemental substance. A compound, then, may be con-
sidered in a similar way: It is a substance composed of two or more
kinds of atoms in a definite proportion by weight.

The Atomic Theory has essentially withstood the test of time. Its
most important contribution, however, is the fact that it has served
as a stimulus to the fertile minds of the great atomic scientists who
followed Dalton. Today we know that although the atom is a practical
unit of the universe, there are still smaller particles which constitute
the atom. The size of these particles is beyond the grasp of the human
mind; that they exist is supported by the labors of our greatest minds
in the fields of chemistry, physics and mathematics. The twentieth
century concept of the atom is embodied in the Electron Theory of
matter.

ELECTRON THEORY

This theory holds that the atom is an arrangement of particles not
unlike the solar system. It explains and clarifies in an amazing manner
what matter really is, and how and why it behaves as it does. The
following are the cardinal concepts of this beautiful piece of human
reasoning:

1. The atoms of all elements are made up of a characteristic number
of positively charged particles called protons and negatively charged
particles called electrons. The proton is about 2000 times as heavy as
the electron.

2. The atoms of each element contain the same number of protons
as electrons, and therefore are electrically neutral.

3. A dense central portion, called the nucleus, contains the protons.
Also located in the nucleus are particles called neutrons. These particles
are electrically neutral and are thought by some to be a union of an
clectron and proton; their weight is essentially that of the proton.

4. Around this nucleus swarm the electrons in a rather definite
pattern. The pathways taken by the electrons in their rotation about
the nucleus are called orbits, or rings. The number of rings, or orbits,
about the nucleus depends upon the number of electrons.

5. As will be shown, the entire behavior of the atom is dictated by
the number and spatial arrangement of these planetary electrons.

Atomic Number.* The atomic number of an element is equal to
the number of planetary electrons about the nucleus of each of its
atoms. Every element has its own characteristic number.

* The atomic number is also equal to the number of protons in the nucleus,
and sometimes defined as such.
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Atomic Weight. The atomic weight of an element is equal to the
sum of the neutrons and protons in the nucleus of each of its atoms.
A glance at the table of elements, however, will disclose that most
elements do not have an even atomic weight. This is because an element
is usually constituted by two or three varieties of atoms which are alike
in every respect save the number of neutrons in their nuclei. Thus, the
atomic weight of chlorine—35.5——represents the statistical average of
its two types of atoms. One type, with 17 protons and /8 neutrons, has
an atomic weight of 35 (constitutes 75 per cent of chlorine), while the
other, with 17 protons and 20 neutrons, has an atomic weight of 37

//./ \.\\
7 AN
/ - @~ \ @ = Electrons (=)
/ - ~ \ - . +
/ // N \ N = Neutrons (1)
Iy \ \ P = Protons (+)
.,/ ’/ 8N \\ \ Atomic No = 8
[ Atomic Wt =16
| | gP | ]
\ \ /
\ \ / /
\ AN 4 /
\
\ \\._‘/ //
N Ve
e °

ATOM OF OXYGEN
Fig. 1. A theoretical concept of the atom.

(constitutes 25 per cent of chlorine). Atoms of the same element
which differ only in respect to their atomic weights are called isotopes.
Thus, chlorine has 2 isotopes—CI*> and CI*”. The subject of isotopes will
be discussed further when we study nuclear chemistry.

Figure 1 illustrates the basic principles of the Electron Theory as
they apply to a common element.

VALENCE

A complete and thorough understanding of valence is essential to the
understanding of chemistry. The student, therefore, should devote
special attention to the following discussion. A little concentration and
clear thought at this time will greatly simplify future chapters.

Before we define valence, let us see if we can anticipate its meaning.
It was stated under the electron theory that an atom’s planetary electrons
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rotate about its nucleus in a rather definite pattern. Substantial evidence
indicates that the orbit, or ring, nearest the nucleus (called the first
orbit or, more technically, the k orbit) can contain no more than 2
electrons, and the second and third orbits (I and m respectively) no
more than 8 electrons each. The maximal number of clectrons permitted
in each of the subsequent orbits (for example, n, o, p, etc.) may be
8, 18 or 32. Since many of the common and important elements have
an atomic number which does not extend beyond the third, or m, orbit,
we shall confine our discussion to the 2-8-8 distribution.*

An illustration at this time will be helpful. The clement argon has an
atomic number of 18. According to what was said above, the electronic
pattern about the nucleus of an atom of argon is thus: 2 electrons are
in the first orbit; 8 electrons are in the second orbit; and 8 in the third.
The electronic configuration for any element with an atomic number
less than that of argon (18) may be drawn by simply allotting the
maximal number to the respective orbits. If this is done for all elements
from hydrogen (atomic number of 1) to argon (atomic number of 18),
only three elements will have an outer orbit with the maximal number
of electrons: helium, neon and argon. The outer orbit of helium (which
is really its first and only orbit) has the maximal number of 2; the outer
orbit of neon (which is really its second orbit) has thc maximal number
of 8; and the outer orbit of argon (which is really its third orbit) has
the maximal number of 8.

Now let us consider the ability of onc element to react with some
other element. Of the elements with atomic numbers from 1 through
18, only 3 are not capable of reacting with other elements—helium,
neon and argon (these elements are said to be inert). It is a most
interesting fact that each of thesc elements are constituted by atoms
whose outer orbits contain the maximal number of electrons. In other
words, all elements which are chemically active have outer orbits which
do not have the maximal number of electrons. The chemist has theorized,
therefore, that elements react with one another in order to obtain an
outer ring with the maximal number. The careful reader will readily
perceive the tremendous implication of this statement.

The principal implication is this: If clements react for the purpose of
obtaining a maximal number of electrons for their atoms (evidently they
are “happiest” in this state), we have an excellent explanation of why—
according to Dalton’s Atomic Theory—eclements always react in a
definite way. For example, sodium (Fig. 2) has an outer orbit con-
taining 1 electron; chlorine has an outer orbit containing 7 electrons.
If the single electron of the sodium atom is taken away and given to the

* Atoms with an atomic number greater than 21 may contain up to 18
electrons in the third orbit.
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chlorine atom, both atoms will be left with an outer orbit with a maximal
number (Fig. 2). In other words, 1 atom of sodium always reacts with
1 atom of chlorine to form the compound sodium chloride. If chlorine
reacts with aluminum, onc atom of aluminum always combines (reacts)
with 3 atoms of chlorine. This is so because the aluminum atom has 3
electrons in its outer orbit, and must lose these 3 in order to “expose” its

Sy ~ /
\\ \\ ~e-" 7 // NN -7,
. i AS o 7/
DG B s N - -
>~ _-7 e __-*

SODIUM CHLORIDE

cI-
+ —
Na T e
B o T e ///,.’_"l\ \\
/ ’.‘\\ AN /oy //’ ~ \\\
’ é \
\
/‘,/ \\ i ,‘ / \ *
[ Ve | ! B
\ 1 Vo ‘\ o h
® N // /‘WQ Q\ N // f‘
‘_,/ , 4 \ SNe - //
~ s AN 4
o___.@ / O-Q_/O’//
.. -

Electrostatic forces
Fig. 2. The formation of sodium chloride by electrova'ence.
g

sccond ring which has the maximal number of 8. Therefore, 3 atoms of
chlorine are called into play because 1 atom of chlorine can accom-
modate or receive only one electron. Sodium, aluminum and chlorine
are examples of elements which react—and thus satisfy their desire
for the maximal number of electrons in their outer orbits (usually 8)—
by a gain or loss of electrons. Most elements, however, accomplish the
same thing by a mutual sharing of electrons. A simple example of
mutual sharing is afforded by the reaction between the atoms of hydro-
gen and oxygen to form watei. Figure 3 shows that 2 atoms of hydrogen
and 1 atom of oxygen satisfy themselves by coming together and sharing
2 pairs of electrons. In this way oxygen has obtained a maximal number
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of 8 (8 is the maximal number of the second orbit), and hydrogen a
maximal number of 2 (2 is the maximal number of the first orbit).

At this time we are prepared to receive the definition of valence.
Valence is defined as the number of electrons gained or lost by an atom;

Fig. 3. The formation of water by covalence.

or as the number of pairs of electrons shared by an atom. Thus, in the
above examples, sodium has a valence of 1 (loses 1 electron); chlorine
has a valence of 1 (each atom gains an electron); aluminum has a
valence of 3 (each atom loses 3 electrons); oxygen has a valence of 2
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(each atom shares 2 pairs of electrons); and hydrogen has a valence of
1 (each atom shares 1 pair of electrons). It should be perfectly clear at
this point that the valence of an element is its most important chemical
property. By knowing an element’s valence we can better understand
and predict its chemical behavior. The principal application of valence
will be presented in the following chapter. For the present, however, we
need to refine our thoughts concerning this important term.

Electrovalence. Valence has been defined as the number of
electrons gained or lost by an atom, or the number of pairs of electrons
shared by an atom. Elements which gain or losc electrons are said to
possess an electrovalence; those that share electrons, a covalence. It
should be pointed out at this time, however, that both types of valence
are numerically equivalent. Thus, when an element with a valence of 2
(whether covalent or electrovalent) reacts with an element whose
valence is 1 (whether covalent or electrovalent), they react in the pro-
portion of 1 atom of the former to 2 atoms of the latter. Since this is so,
why do we concern ourselves with the two types of valence? Moreover,
how do we know that there are two types of atomic combinations? The
answer to the second question will be fully explained in a subsequent
chapter. As to why we are interested in the two types of valence, it is
because electrovalent compounds and covalent compounds have certain
fundamental differences. One difference that may be stated at this time
is the following: Electrovalent compounds when dissolved in water
permit the solution to carry an electric current; covalent compounds do
not. Other differences will be pointed out as we go along.

The formation of an electrovalent compound is represented in Figure
2. When the sodium atom—which is neutral—loses an electron it takes
on a charge of plus 1 (Na'). The chlorine atom which accepts this
electron takes on a charge of minus 1 (Cl-). Now we have 2 oppositely
charged particles which obey the law of electricity which states that
unlike charges attract, and like charges repel.* The Na* and CI- parti-
cles, therefore, are held together by electrostatic forces. X-ray examina-
tion of electrovalent compounds thoroughly substantiates the above
explanation. A compound such as sodium chloride is visualized as being
constituted by a definite pattern of Na* and CI- particles.

Elements such as sodium which lose electrons during a chemical
reaction are said to have a positive electrovalence. For sodium this is
expressed as Na*. Elements which gain electrons are said to have a
negative electrovalence. For chlorine this is expressed as Cl-. Similarly,
the valence of aluminum is written as Al**', and read as a plus 3. Of
extreme importance is the fact that all true metals possess a positive

* These charged particles are called ions. Ions will be discussed in a later
chapter.
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electrovalence; and all true nonmetals, a negative electrovalence.* From
this we can readily see why metals do not chemically react with metals,
and why nonmetals do not react with nonmetals. All electrovalent reac-
tions, then, are between metals and nonmetals. The Table of Valences
(p. 15) presents the important electrovalent elements.

RADICALS. A radical is defined as a combination of elements which
ordinarily acts as a chemical unit. The term is presented here because
radicals are extremely common in chemistry, and possess an electro-
valence. All common radicals with the exception of ammonium (NH,")
have a negative electrovalence. Radicals may be considered as “ele-
ments.” The various radicals and their valences are presented in the
Table of Valences (p. 15). (Radicals never exist in the free state.)

OXIDATION AND REpUCTION. Throughout chemistry the terms oxida-
tion and reduction are frequently employed. Oxidation when applied to
valence (electrovalence) means a loss of electrons; reduction when
applied to valence means a gain of electrons. An element is said to be
oxidized when it loses electrons, and reduced when it gains electrons.
In the reaction between sodium and chlorine (Fig. 2) the sodium
becomes oxidized and the chlorine reduced. Unfortunately, these two
terms are also used to describe reactions involving oxygen. In this con-
nection, oxidation is defined as the union of oxygen with some other
element, and reduction as the removal of oxygen from some other
element. The distinction between the above definitions should be
thoroughly understood.

Covalence. As stated above, covalence means a sharing of elec-
trons. When oxygen combines with hydrogen to form water (Fig. 3),
each atom of oxygen shares 2 pairs of electrons, and each atom of
hydrogen shares I pair of electrons. Therefore, oxygen has a valence of
2, and hydrogen a valence of 1. Carbon, nitrogen, oxygen, phosphorus
and sulfur are other common elements which react or combine via
covalence. These elements and their valences are presented in the Table
of Valences (p. 15).

There are many elements which possess both an electrovalence and
covalence. Hydrogen, sulfur and oxygen are common examples. Hy-
drogen has an electrovalence of 1 and a covalence of 1; oxygen has an
electrovalence of 2 and a covalence of 2; and sulfur an electrovalence
of 2, and a covalence of 4 or 6.

Multiple Valence.  Several elements—both electrovalent and co-
valent—have more than one set valence number. Important common
elements of this type include: mercury, copper, iron, sulfur and nitrogen.
These elements are composed of atoms which are capable of losing,

* The terms “true metal” and “true nonmetal” are used in a chemical sense.
Sodium, for example—a “true metal”—is not a typical “metal” physically.
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gaining, or sharing more than one set number of electrons. Iron (Fe),
for example, sometimes loses 2 electrons and becomes Fet*, and some-
times 3, and becomes Fe***. When the occasion arises, the above and
additional information on this subject will be fully discussed.

Table of Common Valences

Electrovalent.
Metals Nonmetals
Aluminum 3 (AlTH) Brominc 1 (Br)
Barium 2 (Batt) Chlorinc 1 (CI0)
Bismuth 3, 5 (Bit*t), (Bitti1+) Fluorine 1 (F)
Calcium 2 (Cat*t) Todine 1 (I0)
Copper 1, 2 (Cu*), (Cut*t) Oxygen 2 (0~0)
Hydrogen 1 (HY) Sulfur 2 (85 )
Iron 2,3 (Fet ) (Fcttt)
Lead 2 (Ph*1)
Magnesium 2 (Mgth)
Mercury 1, 2 (Hg*), (Hg'")
Nickel 2 (Nith)
Potassium 1 (KY)
Silver 1 (Ag?)
Sodium 1 (Na*t)
Tin 2, 4 (Sn**), (Snt+H)
Zinc 2 (Zn*h)
Radicals
Ammonium 1 (NH,")
Bicarbonate 1 (HCO3™)
Carbonate 2 (COs~ )
Chlorate 1 (71037)
Hydroxyl 1 {OH")
Nitrate 1 (NOy)
Nitrite 1 (NOy)
Phosphate 3 (PO 7)
Sulfate 2 (SO4 )
Sulfite 2 (SO;~ ")
Covalent:
Carbon 4
Hydrogen 1
Nitrogen 1,2,3,4,5
Oxygen 2
Phosphorus 3,5
Sulfur 4,6

Hydrogen. Hydrogen holds a most unique position among the
elements—it is the simplest of them all. An atom of hydrogen is consti-
tuted by only 1 proton and 1 electron. Since in a chemical reaction the
hydrogen atom loses this 1 electron, it has a valence of a plus 1 (H*).
For this reason, hydrogen—chemically—is considered as a metal.
Hydrogen will be discussed in the chapter on metals.
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PERIODIC TABLE

In the latter part of the nineteenth century the Russian chemist,
Mendeléeff, thought it would be most interesting if he could juggle the
elements around in such a manner that some sort of relationship might
be shown. To the amazement of the scientific world, and no doubt to
himself, Mendeléeff demonstrated that when the elements (omitting
hydrogen) were arranged in order of their atomic weights, there was
noted a periodic recurrence of similar chemical properties. In general,
the “periods” were of the same length—8 elements. Now, if these
periods were placed under one another, all of these similar elements
fell into vertical columns. Mendeléeff’s table, however, later proved to
have certain discrepancies which could not be resolved in light of the
dictates of the Electron Theory. Moseley’s work in England in the early
part of this century resulted in a revised Periodic Table (Fig. 4) which
obviated the difficulties of the old one. Elements which were obviously
out of place in the original table were easily maneuvered into the correct
position when Moseley arranged them according to their atomic num-
bers rather than their atomic weights. The original Periodic Law, then,
which stated that the properties of the elements are periodic functions
of their atomic weights, now reads: The properties of the elements are
periodic functions of their atomic numbers. The secret of the table will
be disclosed if we appreciate the fact that the elements are arranged
according to their atomic numbers. Elements of the same vertical
column, or group, are similar because their atomic numbers are such
that the outer orbits of their atoms have the same number of electrons
and, hence, the same valence. Thus, the elements lithium, sodium and
potassium in Group 1 (Fig. 4) are alike in their chemistry because each
has a valence of 1.

The Periodic Law has proven of incalculable value in the develop-
ment of chemistry. No doubt its greatest gift to the science has been its
suggestions of the existence of certain undiscovered elements, which
have subsequently been discovered. In the older tables gaps were pres-
ent, because often throughout the table there were considerable differ-
ences in either the atomic weight or atomic number of neighboring ele-
ments. From the physical and chemical properties of the known
elements, the “gap elements” were predicted with uncanny accuracy.

From a student’s standpoint, the greatest value of the table resides in
its simplification and unification of the whole subject of chemistry. If it
were not for the system of classification employed in biology, the
biologist would have no grasp of the astronomical number of diversified
organisms which roam the land, fly the air and swim the sea. He would
not live long enough, regardless of his intellect, to study all the forms of
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life and draw conclusions. With his marvelous system of classification,
however, it is not necessary for the biologist to study all the creatures.
It is sufficient, indeed, for him to place thousands of similar organisms
together into a single class. And so it is true in chemistry. By an ap-
preciation of the implications of the Periodic Table the student always
has at hand a powerful tool to cope with the huge number of chemical
substances which constitute the earth. Specifically, if one is familiar with

PERIODIC TABLE
GROUPS (0] I o m r hv4 hvag hrang prainy
PERIOD. - A B|A B|A B A B|A B|A BlA B|A B
|
! H
2 F’{Z 3 4 5 6 7 8 9
e L Be B8 Cc (o] F
S E—
3 10 1] 12 13 14 15 16 17
Ne Na Mg Al Si P S Cl
I8 19 20 21 22 23 24 25 26 27 28
4 A K Ca Sc T \ Cr Mn Fe Co N1
29 30 31 32 33 34 35
Cu Zn Go Ge As Se Br
36 37 38 39 40 41 42 43 44 45 46
5 Kr Rb Sr Y Zr Nb Mo Te Ru Rh Pd
47 48 49 50 51 52 £3
Ag Cd In Sn Sb Te 1
54 |55 56 57-71 |72 73 74 75 76 77 78
6 Xe |[Cs Ba E‘R\gﬁs Hf Ta w Re Os Ir Pt
79 80 81 82 83 84|85
Au Hg TI Pb B Po | At
7 86 |87 88 89 90 9l 92 =
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Fig. 4. * Nine artificial elements lie beyond U 92. These are the so-called
“transuranium elements”: Np 93, Pu 94, Am 95, Cm 96, Bk 97, Cf 98. F 99,
Mv 100, Fm 101.

the chemical and physical properties of a group, he is familiar with the
chemical and physical properties of its members. At appropriate places
throughout the text the properties of these groups will be disclosed by
a thorough presentation of representative elements.

A few points concerning the Periodic Table require clarification. The
Group number (0-VII) indicates the typical valence of all the elements
in that particular group. Group O is so designated because—as explained
before—these elements have a “full” outer orbit, and do not react with
other elements; i.e., they are inert. Elements of Group I are constituted
by atoms whose outer orbits contain 1 electron; hence they possess a
valence of plus 1. Elements of Group VII are constituted by atoms
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whose outer orbits contain 7 electrons; hence they have a valence of
minus 1. It is evident, therefore, that the true metals are located on the
left side of the table (Groups I, II and IT1), and the true nonmetals on
the right side (Groups VI, VII). The elements occupying the central
portion of the table (since they contain 4 or 5 electrons in the outer
orbits) are covalent. Elements in this area are also amphoteric; ie.,
they resemble metals in some respects, and nonmetals in other respects.*

It is to be noted that each Group, with the exception of Group 0 and
Group VIII, is divided into two Families—A and B. The elements of
a family are almost identical in their chemical behavior, but differ
considerably sometimes from the elements of its neighboring family—
even though the elements of both have the same valence. The elements
of Group I, for example, display a closer relation to each other than
they do to the elements of any other Group in the table. Within the
Group, however, a finer classification exists; i.e., lithium, sodium and
potassium, of Family A, are very similar chemically, but differ con-
siderably (chemically) from copper, silver and gold of Family B.

It is to be also noted that the lengths of the 7 Periods vary. Periods
2, 3, and 7 are the so-called “short” Periods—7 or 8 elements in length;
4, 5 and 6 are the so-called “long” Periods—18 or 19 elements in
length; and Period 1 contains only 1 clement—hydrogen. Suffice it to
say that such an arrangement is necessary in order to have similar ele-
ments fall into the same Group.

The elements referred to as the rare-earth metals (whose atomic num-
bers range from 57-71) occupy the same position in Group III of the
Table. These 15 rare elements are very similar in their chemical proper-
ties. They are only of theoretical interest.

In addition to the 92 natural elements, there are 9 artificial elements
which have been produced in various “atomic machines.” These ele-
ments follow uranium (atomic number, 92) in the Table. They will be
discussed in the chapter on “Nuclear Chemistry.” At the present time,
therefore, there are 101 elements. There is good reason to believe that
additional man-made elements are possible.

* Elements of Group VIII slightly resemble the elements in Groups VI and VIL.
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QUESTIONS

Matching: Write the number of the word or expression found in Columr I in
front of each word or expression n Column I which shows the most relation.

Column 1
. like atoms

_ __unlike atoms in a definic
proportion

... .a chemical reaction
- atomic number
_ _alomic weight
_ Periodic Table
_of similar chemical properties
chemically inert
- .. combining power
electrostatic forces
sharing of clectrons
._ . metals
- .___nonmetals
an atom gains 2 electrons
_ . __radical

Draw an atom of calcium.

'Jn.hu!\)-—

Column 11

. covalence

. an element

3. an orderly arrangement of the ele-

ments

4. valence

w

15.

. a group of atoms which acts as a
, unit

. a compound

. lose electrons

. member of a Family

. a charge of —2

. equal to protons plus ncutrons

. gain electrons

. 8 electrons in cuter orbit

. cqual to planetary electrons

. when atoms of oue element unite

with atoms of another

hold electrovalent compounds to-
gether

Differentiate: valence, electrovalence and covalence.

. Draw a molecule of magnesium chloride (see Fig. 2).

. Why are are the elements of Group 0 chemically inert?

. Why arc Groups of the Periodic Table divided into Families?



CHAPTER 3

THE MOLECULE, FORMULA,
REACTION AND EQUATION

Ia this chapter we shall become familiar with the tools the chemist
employs for expressing the behavior of matter in his test tube. If it were
not for his wonderful system of shorthand, the chemist would indeed be
seriously handicapped. The rapid growth of chemistry is due in no small
part to the highly efficient methods afforded by the formula and equa-
tion. The molecule, formula, reaction and equation are intimately related
terms.

THE MOLECULE

Although the atom is our true practical unit of chemistry, we
must now consider another unit of practical as well as theoretical im-
portance, the molecule. A molecule may be defined as the smallest
particle of a compound that retains the characteristics of the original
substance. For example, if we were to degrade the familiar compound
sodium chloride (our common table salt) into smaller and smaller
pieces, theoretically we would arrive at a particle, the molecule, which
would be constituted by 2 lonely atoms, sodium and chlorine. This is
the smallest particle of salt possible, for if it were to be split any further
these 2 atoms would be freed from one another, and our compound
would then cease to exist.

It has been shown that our common gaseous elements, oxygen,
hydrogen, nitrogen, chlorine, and so on, exist in a condition where
2 atoms occur together rather than singly, as is usually the case with
elements. Since this is so, we say that these elements are in the molecular
condition. A molecule of oxygen, then, would consist of 2 atoms of
oxygen.

THE FORMULA

The chemist says that the formula for salt is NaCl; the formula for
water, H,O; the formula for sulfuric acid, H,SO,; and so on. For every
known compound the chemist has a formula. What is the meaning
and significance of this term? The formula has a definite meaning in
chemistry: It tells us the composition of a molecule. The Law of

20
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Definite Proportions told us, and still tells us, that when atoms of
elements combine to form molecules of a compound they always do
so in a definite proportion by weight. Another way of saying the same
thing is that the same number of atoms is always involved; hence,
a molecule of a compound always has the same number of atoms. Since
this is so, it is possible to assign a definite statement to each com-
pound concerning its composition—the formula. Therefore, the formula
“NaCl” means that in every molecule of our favorite condiment there
is 1 atom of sodium and 1 atom of chlorine; the formula “H,O” means
that in every molecule of water on the earth there are 2 atoms of
hydrogen and 1 atom of oxygen; and the formula “H.SO,” means that
in every 1olecule of sulfuric acid there are 2 atoms of hydrogen, 1 atom
of sulfur, and 4 atoms of oxygen.

The next point we should consider is how the chemist knows the
kind and number of atoms in the molecule of a certain compound. True,
he knows that the number is constant, but this does not indicate the
formula. However, the chemist can demonstrate the kinds of atoms in
the molecule by the methods of qualitative analysis. This is the branch
of chemistry which is concerned with the diagnostic chemical and
physical propertics of elements and rompounds. (Tn future chapters
we shall have occasion to study some of the imporiant aspects of this
fascinating branch of chemistry.) The number of atoms is ascertained
by the methods of quantitative analysis. In cssence, a quantitative study
is carried out by taking a known weight of the compound under in-
vestigation, and decomposing it into its constituent elements. The
quantity of each element found is then evpressed on a percentage basis.
The number of atoms of the element can now be obtained by dividing
the percentage of the element by its atomic weight. For example, i we
were to decompose 9 Ibs. of water by some means, such as an electric
current, 1 1b. of hydrogen and 8 1bs. of oxygen would be liberated. On a
percentage basis, this means that water is composed of 90 per cent oxy-
gen and 10 per cent hydrogen. Now, if we divide these relative weights,
i.e., the percentages, by the relative weights of their respective atoms, i.e.,
their atomic weights, we shall obtain the number of atoms of each
element in a molecule of water. Thus, 90 divided by 16, the atomic
weight of oxygen, is 5;* 10 divided by 1, the atomic weight of hydrogen,
is 10; hence, the ratio of hydrogen atoms to oxygen atoms is 2 to I,
and there are, therefore, 2 atoms of hydrogen and 1 atom of oxygen in
every molecule of water.

Fortunately it is not necessary for us to carry out the analysis of
every compound to ascertain iis formula. This is only necessary when
the chemist is dealing with an unknown substance. The formula for any

* Approximately.
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compound may be written if we know its constituent elements. This is
possible by virtue of a concept with which we are already familiar—
valence. The rule is this: Valences of the elements of a compound must
always balance. The first step is to write down the symbols for the
elements present, and next to supply the appropriate number or numbers
(called subscripts) to the symbols in such a way that the numbers
multiplied by the respective valences produce equal products. For
example, what is the formula for hydrogen sulfide? Well, we know from
the name that hydrogen and sulfur are the constituent elements, so we
write down their symbols, H, S. The valence of hydrogen is 1; the
valence of sulfur, 2. In this form the valences do not balance, so we
must supply the appropriate subscript or subscripts. Just a glance at the
problem indicates that by taking 2 atoms of hydrogen to 1 atom of
sulfur we have the desired solution, for 2 times the valence of hydrogen,
1, is 2; thus, the correct formula is H.S. Regardless of the complexity
of the compound the general rule applies. If we take another look at the
illustration depicting the reaction between sodium and chlorine (Fig. 2),
we shall readily see why the rule is true. The illustration makes it quite
clear that when atoms lose electrons, other atoms must be present to
accept them, and vice versa. But even more important is the fact that
only a set number of atoms can play the game, since the outer orbit
of an atom must have a set number of electrons. In the case of the
sodium-chlorine reaction, the sodium lost 1 electron, so only 1 atom
of chlorine, which contains 7 electrons in its outer orbit, was called
into play. If chlorine were to react with calcium to form calcium

Symbol and Valence
Compound of Constituent Formula*
Elements and Radicals

Water H,1;0,2 H.,O
Sodium chloride Na, 1; Cl, 1 NaCl
Carbon dioxide C, 4; 0,2 COq
Sulfuric acid H, 1; SO, 2 H,S0,
Hydrogen chloride H,1;ClL1 HCl
Calcium hydroxide Ca, 2; OH, 2 Ca(OH):
Calcium chloride Ca, 2; Cl, 1 CaCl;
Aluminum sulfate Al 3; SO, 2 Al(SOY)s
Aluminum chloride Al 3;CL 1. AlCl;
Aluminum nitrate Al, 3; NO;, 1 AI(NO3);

* By convention, the positive element in electrovalent compounds is written first;
in covalent compounds, the element with the higher valence is written first.
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chloride, 2 atoms of chlorine are required, for the calcium atom has 2
electrons to give away, i.e., CaCl,.

The rule for writing formulas applies equally to electrovalent and
covalent compounds. As we know, there are a few elements which have
variable valences, depending upon the nature of the other elements with
which they react. Thus, sulfur may have a valence of 2, 4 or 6. This
does not present a problem since a little experience and practice with
the element concerned indicates which of its valences are involved.

When writing the formula for a compound containing a radical (i.e.,
S0O,, CO,, NO,, etc.), it is only necessary to remember that the radical
acts as a chemical unit, and has a characteristic valence just as the
element. F-or example, the formula for aluminum nitrate is AI(NO,;) ..
Since the NO, radical has a valence of 1,,3 of them must be present to
balance the valence of aluminum which is 3.

The table on page 22 presents son.e common compounds and their
formulas. The formula in each case may be confirmed by applying the
rule and technique presented above.

THE REACTION

A great deal has been said about the interaction of atoms; i.e., we
have concerned ourselves with the theoretical aspects of chemical
activity. Now is the time and place for us to consider activity on a larger
scale, i.e., the reaction in the laboratory. But let us never lose sight
of the fact that what happens in the test tube is merely an amplification
of atomic phenomena.

A chemical reaction occurs when two or more substances react with
one another to produce new substances. The chemical changes mentioned
earlier in the text are now seen to be the result of chemical reactivns.
Thus, the burning of paper is a chemical change because the elements
of the paper—carbon, hydrogen and oxygen—react with the oxygen in
the air to form the new substances, carbon dioxide and water.

Most chemical reactions release energy in the form of heat—
exothermic reactions. Energy in the form of light and electricity* is
released by a few reactions. However, even in these cases heat is
usually present. A chemical reaction may liberate its energy gradually,
as do those reactions within our bodies, or with explosive violence as
when we pull the trigger of a gun. There are some reactions that will
not occur unless energy is supplied either in the form of heat, light or

* A battery is the best example. A battery is made by placing two unlike
metals (electrodes) in an electrolyte solution. When strips of copper and zinc
are placed in a solution of sulfuric acid, and the strips connected to a voltmeter,
a voltage is shown.
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electricity. Reactions which require heat in order to take place are
called endothermic reactions.

THE EQUATION

What happens in the test tube, i.e., the chemical reaction, is succinctly
described and explained by the chemical equation. The following steps
present the manner in which an equation is written:

1. Write the symbol or formula for each of the substances par-
ticipating in the reaction to the left of an arrow.

2. In a similar manner express the products formed on the right side
of the arrow.

3. Balance the equation by placing appropriate numbers (called
coefficients) before the symbols or formulas in such a way that the
number of atoms of each element is the same on both sides of the
equation.

Let us see how the above steps apply to a specific reaction, e.g., the
reaction between zinc and hydrochloric acid to form zinc chloride and
hydrogen. The equation is written thus:

1. Zn 4 HCI
2. Zn 4+ HCl — ZnCl, + H,
3. Zn 4 2H(C] — ZnCl, + H,

Our complete balanced equation for the reaction between zinc and
hydrochloric acid reads: 1 atom of zinc plus 2 molecules of hydro-
chloric acid yield 1 molecule of zinc chloride plus 1 molecule of
hydrogen.

In order that we may be able to balance correctly most equations in
general chemistry the following points are important to remember:

1. The subscripts of the formulas must never be tampered with when
balancing. Remember what the Law of Definite Proportions says: The
composition of a compound is constant.

2. When dealing with our common gaseous elements whose mole-
cules contain 2 atoms (H., O., N;, etc.), they should be written as such
in the equation, and not as their symbols (H, O, N, etc.).

3. During a chemical change radicals usually remain intact and are,
therefore, treated as chemical units. For example, in the reaction be-
tween magnesium sulfate (MgSO,) and sodium hydroxide (NaOH), the
sulfate radical, SO,, and the hydroxyl radical, OH, merely change
partners, thus:

MzSO4 4+ 2NaOH —> Mg(OH), 4+ Na,SO4

4. Although an equation is not incorrect without them, arrows are
used to indicate when a product is a gas ( 1), and when a product
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formed is insoluble ( | ). An insoluble product formed as a result of a
chemical reaction between solutions is called a precipitate. The following
are illustrative equations:

Zn + 2HCl— 7ZnCl; 4+ H,?
AeNO, + NaCl —> NaNO; + AgCl]

Types of Reactions. In science we are always classifying in order
to facilitate the learning process. Although there are countless chemical
reactions, all may be grouped into four types. The types of reactions
and illustrative equations are as follows:

1. DIRecT COMBINATION. Two or more elements or compounds
react tv form a more complex substanc:e; also called synthesis.

C 4+ Oy —= CO,

2. DECOMPOSITION. A reaction in which a compound is broken
up into its constituent elements or into simpler compounds; also called
analysis.

2H, O — 2H, 4 O

3. SINGLE REPLACEMENT OR SUBSTITUTION. A reaction in which
a free element replaces a combined element.

Zn + CuSO4 — ZnS0O, + Cu

4. DouBLE REPLACEMENT. A reaction in which the elements of
the reacting compounds change partners. This is probably the most
common type of chemical reaction.

AgNQO; 4+ NaCl — NaNO; + AgCl|
QUESTIONS

1. Write the formulas for the following compounds: potassivm chloride, am-
monium sulfate, sodium hydroxide, aluminum carbonate, nitrogen trioxide,
calcium bicarbonate, lead chloride, zinc sulfate, sodium fluoride and mag-
nesium phosphate.

2. Write the equations for the following reactions:

a. Magnesium hydroxide -+ hydiochloric acid—— magnesium chloride - water

h. Silver nitrate -}- potassium phosphate —— potassium nitrate 4 silver phos-
phate (insoluble)

¢. Carbon monoxide (CO) 4 oxygen — carbon dioxide

d. When calcium bicarbonate is heated, calcium carbonate, carbon dioxide and
water are formed.

e. When sodium bicarbonate is taken into the stomach, it reacts with hydro-
chloric acid to form sodium chloride, carbon dioxide and water.



CHAPTER 4

IONS

Relatively speaking, we have come a long way in our understanding
of matter since Chapter 1. There is still, however, one more concept
to assimilate before we have an incipient working knowledge of
chemistry. Strangely enough, this concept may be expressed in one
single, simple and innocuous word—the ion. It is fair to say that the
chemist would never have mastered the true nature of the chemical
reaction without this word, and what it implies and explains. Although
“the ion” antedates the Electron Theory, it was not discussed before
because we were not prepared to appreciate its meaning and applica-
tions. In this chapter we shall discuss the ion, and those basic points
of chemistry which are explained “ionically.”

THE IONIZATION THEORY

It has been known for a long time that solutions of certain com-
pounds conduct an electric current and that others do not. Figure 5
shows the apparatus which is employed to tell whether a solution does

Fig. 5. Apparatus employed to test the ability of a solution to carry a current.
When the bulb lights it shows that a current has passed through the solution.

or does not conduct an electric current. Compounds in solution which
allow a current to pass are called electrolytes; those which do not are
referred to as nonelectrolytes. How can we account for this fact? What
is the fundamental difference between these two types of compounds?
The answer to these questions—and many others—was presented in the
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middle of the nineteenth century by the Swedish chemist, Svante
Arrhenius, in a monumental piece of work—the Ionization Theory. The
Ionization Theory, also called the Theory of Electrolytic Dissociation, is
a rather lengthy piece of work, and well fortified with mathematics. The
essence of the theory, though, can be conveniently presented in a manner
which is readily intelligible. The following are the cardinal points of
the theory:

1. Acids, bases and salts when dissolved in water dissociate (ionize)
into ions.

2. An ion is an atom or radical with an electric charge.

3. Metallic ions carry positive charges, while nonmetallic ions carry
negati ¢ charges.

4. The solution is electrically neutral because the number of positive
ions is equal to the number of negative ions.

5. When an electric current is passed through the solution, the
positive ions, called cations, travel toward the negative electrode
(cathode), while the negative ions, called anions, travel toward the
positive pole (anode).

Arrhenius looked upon the ion as the most fundamental particle.
Since then the Electron Theory has proved otherwise, as we know.
Arrhenius’ marvelous reasoning, however, is not voided in the least by
the Electron Theory of matter. Instead, the Electron Theory explains
the Ionization Theory, and vice versa; there is perfect agreement
between these two theories. Let us look more closely at the Theory cf
Tonization, and see how easy it is to understand what it says in the light
of what we already know.

There are four kinds of compounds in chemistry, excluding the com-
pounds of carbon: acids, bases, salts and oxides. These four kinds of
compounds will be adequately treated in the next chapter, but for the
moment let us consider acids, bases and salts in relation to the above
theory. All acids, bases and salts are electrolytes; this may be easily
demonstrated by the conductivity experiment (Fig. 5). The reason they
conduct a current is offered by the first statement of the Ionization
Theory which says that these compounds ionize (dissociate) into
charged particles called ions. The remaining statements of the theory tell
how these ions behave.

But let us go further, and see why these compounds do furnish ions.
From our work with valence we know that there are two ways atoms
combine—covalence and electrovalence.* Since we are looking for
charged particles, i.e., ions, we need not bother with covalent com-
pounds, for we said that in this type of combination atoms share elec-

* An electrovalent compound is often referred to as a polar compound; a
covalent compound, nonpolar.
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trons; thus, it is the electrovalent compound which holds the secret.
Figure 6 shows very clearly what happens when an electrolyte dissolves
in water. Once again our old friend sodium chloride (a salt) has been
chosen. When a molecule of NaCl comes in contact with water, the
electrostatic forces which hold the sodium atom to the chlorine atom are
broken, and the atoms are freed from one another. But, it is to be noted
that after they part they are no longer atoms—they are ions; the sodium
has one less electron, and the chlorine one more electron than their
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Fig. 6. Tonization of sodium chloride.

respective atoms (see Fig. 2). As a result, the sodium ion has a positive
charge of 1 (Na*), and the chlorine ion a minus charge of 1 (Cl-). All
electrolytes behave in this manner, i.e., all acids, salts and bases. To
represent what happens when a compound ionizes, the following ionic
equations are illustrative:

NaCl — Nat 4 CI~ (salt)
HN()'; — Ht + NO:{W (ﬂCid)
NaOH — Na* + OH - (base)

Let us now define acids, bases and salts on a basis of ionization. An
acid is a compound which in solution furnishes hydrogen ions (H*); a
base, hydroxyl ions (OH-); and a salt, metallic and nonmetallic ions
e.g., sodium chloride.
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Electrolysis.  Electrolysis is defined as the decomposition of a
compounds by means of an electric current. It may correctly be inferred
that only electrovalent compounds—electrolytes—are able to be decom-
posed by this means. Figure 7 illustrates the electrolysis of copper

Battery

Electrode

Solution
of CuCly

Fig. 7. Electrolysis of CuCl..

chloride. When current is applicd, the copper ions (Cu‘v) migrate
toward the cathode, and the chlorine ions (Cl-) toward the anode. At
the anode the chlorine ion gives up 1 electron, and becomes an atom.
The electrons thus taken by the anode travel through the wire (a current,
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by the way, is defined as a flow of electrons), and accumulate at the
cathode. At the cathode the copper ion takes on 2 electrons, and
becomes an atom of copper. The whole process may be illustrated by
the following ionic equations:

1. CuCly — Cu*t 4 201~ (ionization)
2. Cutt 4 2¢ — Cu® (cathode) *
3. CI= — le — CI° (anode)
* a. e = electron.
b. A degree sign (Cu®) at the upper right of a symbol indicates neutrality,
i.e., an atom.
The electrolysis of CuCl, is an example of decomposition, and the
equation may be written thus:

CuCls; — Cu + Cl.7

Unless ionic equations are specified, the regular equation is satisfactory.
The products of the reaction, i.e., copper and chlorine, are formed at the
cathode and anode respectively. When this experiment is carried out in
the laboratory, bubbles of chlorine gas are seen rising from the anode;
the cathode becomes coated with copper.

Electrolysis tells and explains many chemical facts. We should es-
pecially note that the number of electrons which the ions gain or lose
is equal to their valence. For example, copper has a valence of 2, and
gains 2 electrons; chlorine has a valence of 1, and loses 1 electron.
Further let us note that at the cathode an ion becomes reduced, and at
the anode, oxidized. Electrolysis is an important procedure in chemistry.
We shall have occasion later on to discuss it in connection with the
electroplating and refining of metals, and the manufacture of many im-
portant substances.

REACTIONS IN SOLUTION

When we stop to realize that most chemical reactions occur in an
aqueous medium, the importance of ions would seem to require no
further proof. Indeed, protoplasm is nothing more than water vitalized
with certain elements and compounds in the ionic condition. Reactions
in solution and reactions in general are beautifully explained via the ion.

In the last chapter a few remarks were presented concerning the
chemical reaction. What was not said at that time is implied by this
question: How do we know if chemical X will react with chemical Y?
This is an extremely important question because we and the chemist are
ultimately interested in getting reactions “to go.” Figure 8 supplies the
answer in speedy fashion. If chemical AB and chemical CD are dis-
solved in water, four kinds of ions will be present in solution: A*, B-, C*
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and D-. Now, these ions are free to move about the solution, and there
is every possibility for ion A* to come in contact with ion D~ to form
AD; and for ion Ct and ion B- to form BC. It is to be noted, however,
that our “products,” AD and BC, ionize as soon as they are formed
to A+, B-, C* and D-, and there is, therefore, every possibility that these
ions may combine and form AB and CD—our starting chemicals! If,
on the other hand, the products AD and BC were in some way not able

Fig. 8. Reactions in solution (Sce text.)

to ionize, the starting chemical compounds would not be re-formed.
There are three circumstances under which the products will not react
to re-form the original compounds:

1. When one of the products formed is insoluble.

2. When one of the products formed is a gas.

3. When water is formed.

When a product is insoluble* or a gas, it is taken from the “field of
action,” i.e., the solution; when water is formed, it ionizes to such a low
extent that the reaction cannot go in the reverse. When the products of a

* See “Rules of Solubility,” Appendix.
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reaction are unable to react to form the original compounds, the reac-
tion is said to be irreversible; when they do react to form the original
products, the reaction is said to be reversible. From a practical point of
view, the reversiblc reaction is no reaction at all—nothing happens. 1t is
the irreversible type which allows us to form new substances. Let us
illustrate the reversible and irreversible reactions with specific examples.

Reversible Reactions. If we add a solution of sodium chloride
(NaCl) to a solution of potassium nitrate (KNO,), the following equa-
tion may be written:

NaCl 4+ KNO; — NaNO; + KCl

Now, the products NaNO, and KCl are soluble compounds and ionize
readily. Soon, therefore, after the solutions have been mixed, the prod-
ucts are reacting to form the original substances as fast as they are being
formed themselves. Actually, it is a dynamic state with reactions taking
place in both directions. This reaction, then, and all reversible reactions
are written thus:

NaCl 4+ KNO,; = NaNO; 4 K(I

More scientifically, we say that in a reversible reaction a state of
dynamic equilibrium exists; i.e., the speed of the forward reaction is
equal to the speed of the reverse rcaction. Later on we shall have
several occasions to utilize the concept of reversibility or equilibrium.

Irreversible Reactions. Let us now add a solution of sodium
chloride (NaCl) to a solution of silver nitrate (AgNO;). When these
two colorless, clear solutions are mixed, it is instantly perceivable that
a chemical reaction has taken place—a beautiful white precipitate
forms. The reaction is written thus:

AgNOz + NaCl — NaNO; + i\g(:ll

The white precipitate is silver chloride. and the reaction is irreversible
because this compound, being insoluble, is not able to ionize and react
with the sodium nitrate (NaNQO,). Note that in an irreversible reaction,
only the forward arrow is used.

Now let us perform another experiment. If we add zinc (Zn) to a
solution of hydrochloric acid (HCI) a reaction takes place instantly: a
powerful effervescence ensues; hydrogen gas is liberated. The reaction
is as follows:

Zn 4+ 2HCl — ZnCl; 4+ H,1

The reaction is an irreversible one because a gas is formed. At the end
of the reaction, only zinc chloride (ZnCl.) remains.
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For our last example and type of irreversible reaction, let us add a
solution of sodium hydroxide (NaOH) to a solution of hydrochloric
acid (HCIl). A reaction is evident because a considerable amount of
heat is liberated. Also, if we evaporate the reacting mixture, only salt
remains. The reaction is represented thus:

NaOH 4 HCl — NaCl 4+ H,O

This reaction is irreversible because a nonionizable compound is formed
—water.

Let us remember, then, that a reaction goes to completion—i.e., all
the original substances are consumed to form new products—when one
of the products formed is a gas, precipitate or water. It is just as im-
portant, however, to appreciate and remember why this is true.

RATE OF REACTION

By now we should have a fair idea as to what a chemical reaction
really is. At this point a few words must be added concerning those
outside forces which affect the rate of a reaction. By the rate of a reac-
tion we mean the speed at which a reaction takes place. For example,
when powder explodes within a shell, its rate of reaction is tremendously
greater than the rusting of iron. Below are presented factors which affect
the rate of chemical activity.

Nature of Reacting Substances. Obviously, different substances
react at different rates. One point in particular is always true: The
speed of reaction betwcen electrovalent compounds greatly exceeds the
speed of reaction between covalent compounds. In other words, ions re-
act with one another faster than atoms. This explains why substances in
solution usually react at once, as opposed to the slow reactions in the
dry state. As a matter of fact, reactions between electrovalent com-
pounds in solution need little or no help from the outside; it is the
covalent compeund which must be prodded. In the dry state, however,
even electrovalent compounds require some energy to react, for in this
condition the ions are not as free as in solution.

Temperature. A risc in temperature greatly increases the rate of
a reaction. Roughly speaking, a rise of 10° C. about doubles the rate.
Therefore, a reaction proceeding at a certain rate at 0° C. will go twice
as fast at 10° C., and four times as fast at 20° C. When the temperature
is lowered, chemical activity is decreased. Refrigeration is nothing more
than a method to retard chemical reactions within foods.

The reason why an increase in temperature speeds a reaction is easy
to understand.” When substances are heated their molecules become
more energetic; hence, they collide with one another more frequently,
and strike with greater force. In this manner, more molecules of the
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reacting substances are given an opportunity to react. As a matter of
fact, every reaction of covalent substances has a “critical temperature,”
below which the molecules of the reacting substances do not have suffi-
cient frequency of collision or impact to react with one another.

Catalysis. Catalysis is a very frequent term in chemistry. We shall
employ this word many times before the end of the text. A catalytic
agent is defined as an agent which alters a chemical reaction without
itself being changed. There are many substances which react with dif-
ficulty, or not at all, even at high temperatures and under other favor-
able conditions. If a catalytic agent is added, the reaction will go along
smoothly, and usually at a much lower temperature. Another amazing
thing about catalysts is that they are effective in very small quantities;
in many cases just a trace will enable a chemical reaction to take place
between several pounds of reacting substances. Catalysts are also of
diverse nature; some are simple compounds (usually metals or oxides),
and many are complex carbon compounds of natural origin.

Catalysis, then, is certainly to be considered as a factor which affects
the rate or speed of a reaction. The chemist employs catalysts frequently
in the laboratory and industry to make substances react, and occa-
sionally to retard chemical activity. The preparation of oxygen will serve
to illustrate the importance of catalysis. Oxygen may be prepared by
strongly heating potassium chlorate (KCIO;) in a test tube. The reac-
tion does not proceed easily, however, and the yield of oxygen is low.
On the other hand, if we thoroughly mix a little manganese dioxide
(MnO,) with the potassium chlorate, and then apply heat, the reaction
takes place readily and the yield of oxygen is good.

Catalysis is so important that the chemist considers it a subject by
itself. Just how a catalyst performs its duties is at the present a moot
question. Since a catalytic agent is highly specific, there is perhaps some-
thing about its physical and chemical properties which bring the reacting
substances into closer molecular and atomic proximity. There is evi-
dence that a catalyst may in some reactions act as an intermediate. In
any case, the catalyst remains unchanged at the end of the reaction. This
is most fortunate, because chemistry, whether it is concerned with the
laboratory, industry, or the tissues of our bodies, strives for economy.

Concentration. The effect of concentration upon a given reaction
is succinctly stated by the Law of Mass Action. This law states that the
speed of a chemical reaction is directly proportional to the concentration
of the reacting substances. The explanation of this basic and important
principle is intuitive. Hypothetically, let us say that substance A reacts
with substance B to form C. Further, lct us suppose that 1 atom of A
and 1 atom of B are placed in a beaker of water. In another beaker let
us place 2 atoms of A and 1 atom of B. The question is this: In which
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beaker are the atoms more likely to meet and react to form C? The
answer is almost too obvious: the second beaker. Concentration, there-
fore, determines the likelihood of atomic interaction—or speed of
reaction.

QUESTIONS

Matching: Write the number of the word or expression found in Column II in
front of each word or expression in Column I which shows the most relation.

Column 1 Column 11 /
___ _electrolytes 1. charged atoms

do not form ions

N

electrolysis

_____ions 3. electrovalent compounds
. —_ _anion 4. mass action

. _._pole 5. alters a reaction
—___electrostatic forces broken 6. ionization
__decomposition 7. heat

_____ _concentration 8. cathode

—__usually enhances a reaction 9. a negative ion

. .—_ __catalyst 10. covalent compounds

1. Draw a diagram to illustrate what happens when an electric current is passed
through a solution of gold chloride.

. A physician asked a pharmacist if it is possible to compound a liquid pre-
scription containing potassium chloride and zinc sulfate without a reaction.
What do you think he said?

3. Why are reactions in which water is formed irreversible?

4. Name the factors which influence the spced of a reaction. Give an example

of each.

5. A man was electrocuted by using a soda-acid fire extinguisher (contains H.SO,

and NaHCO;) on an electrical fire. Explain.

[



CHAPTER 5

OXIDES, ACIDS, BASES AND SALTS

"T'he number of compounds known to the chemist is close to a million,
with the list growing rapidly as new synthetic substances are added. As
pointed out before, the chemist must employ measures of classification
analogous to those of the biologist in order to cope with this bewilder-
ing figure. Chemistry is divided into two great areas of study—organic
and inorganic. Inorganic chemistry is the study of all the elements other
than carbon; the study of carbon and its compounds is relegated to
organic chemistry. The reason why carbon is considered as a separate
area of study is because of its strange property of combining with itself.
This property is responsible for the huge number of carbon compounds.
Organic chemistry—one of the brightest pebbles on the beach of
science—will be studied after we have passed through the elements of
our inorganic world.

There are four classes of inorganic compounds: oxides, acids, bases
and salts. Once we have a working knowledge of each class, our study
of chemistry will be in clear focus. It is the purpose of this chapter to
tell us the principal points of interest of the oxide, acid, base and salt.

OXIDES

An oxide is a compound containing oxygen with another element.
Oxygen combines with metals to form metallic oxides, and nonmetals
to form nonmetallic oxides. The following are some important oxides:
water (H.O); carbon dioxide (CO,); carbon monoxide (CO); calcium
oxide (quicklime) (CaO); and iron oxide (rust) (Fe,O,). Oxides are
prepared by burning or heating an element in air.

Acid Anhydride. An acid anhydride is a nonmetallic oxide which
reacts with water to form an acid. There is an acid anhydride for most
inorganic acids. For example, sulfur trioxide is the acid anhydride of
sulfuric acid:

SO;; + Hg() —> H;S(),i
sulfuric acid

Basic Anhydride. A basic anhydride is a metallic oxide which
reacts with water to form a base or hydroxide. Calcium oxide is thus the
basic anhydride of calcium hydroxide:

36
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CaO + H,O — Ca(OH),
calcium hydroxide

Nomenclature. The name of an oxide is derived from the name of
the element, followed by the word oxide. In cases where an element has
more than one valence and forms a series of oxides, they are dis-
tinguished from each other by the prefixes mon-, di-, tri,- tetra-, and
so on. The following table illustrates the method of naming:

Oxade Formula
Calcium oxidc CaO
Magnesimn oxide MgO
7Zanc oxule Zn0)
Carbon monoxide cO
Ciarbon dioaide CO.
Phosphorus trioxide POy
Phosphorus pentoxide P.O;

ACIDS

An acid is best defined as a compound which furnishes ivdrogen ions
(H").* If we remember that an acid is an acid because of the hydrogen
ion we will never be confused; it is the H- ion which endows the acid
with its characteristic chemical properties. The hydrogen of acids is
combined with eithcr one or more nonmetallic elements or a radical.

Properties. ~ TasTe. All acids have a sour taste. The sour taste of
lemons, grapes and rhubarb is due to the acid they contain.

AcTIiON ON INpICcATORS. Certain dyes, called indicators, undergo a
color change when cxposed to an acid medium. The most popular indi-
cator is litmus. Litmus turns from biue to red in the presence of acid.
Another indicator commonly employed is methyl orange. Methyl orange
turns from orange to red in the prescnce of acid.

ACTION ON METALS. Most metals (copper. mercury, silver, plati-
num and gold are exceptions) react with acids to form hydrogen and a
salt:

7n + H.SO; —> 7nSO; + H.p

In this reaction zinc displaces the hydrogen from sulfuric acid, and
forms the salt, zinc sulfate.

* According to the modern concept (the Braonsted Theory), an acid is defined
as a donor of protons. Actually, for practical purposes, a proton is equivalent to
the hydrogen ion. Also, in water solutions, hydrogen ijons do not exist as such,
but as the hydronium ion, HO'; ie., the hydrogen ion is carried by a water
molecule. However, the chemist still employs the term “H'” but understands
that it is H.O".
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ACTION WITH BASES. Acids react with bases (metallic hydroxides)
to form salts and water. This reaction, called neutralization, will be more
fully appreciated later on in the chapter. The following is illustrative:

NaOH + HClI — NaCl + H;0
base acid salt water

STRONG AND WEAK Acmps. It is important to understand that acids
differ in the degree to which they exhibit the above properties. Acids are,
therefore, said to be strong or weak. Our conductivity experiment (Fig.
5) is the key to why an acid is strong or weak: Strong acids are good
electrolytes; weak acids are poor electrolytes. This means that strong
acids are highly ionized, and furnish a high concentration of H* ions,
while the weak acids are slightly ionized, and produce few H* ions. The
ionic equations for hydrochloric acid (HCl), a strong acid, and acetic
acid (CH,COOH), a weak acid, are written to indicate the degree of
ionization:

HCIl —=> Ht 4 Cl=%(highly ionized)
CH;COOH <= H!' + C(:H5COO~ (slightly ionized)

Preparation. ~ The following are the two common methods used
in preparing acids:
1. Acip ANHYDRIDE PLUS WATER.

S()3 + HgO ad 1'12504

2. SurLruric Acip PLus A SaLT. This is the method most ap-
plicable to the laboratory. In this procedure, a salt of the desired acid is
heated with sulfuric acid. The preparation of nitric acid is illustrative:

HZS()4 + 2N3N(); —_—> ZHNO,; + N(le()4

Nomenclature. A binary acid is composed of only two elements,
i.e., hydrogen and some nonmetal. Binary acids are named by using the
stem of the nonmetal with the prefix hydro- and the suffix -ic. Thus, the
acid consisting of hydrogen and chlorine is called hydrochloric acid;
that consisting of hydrogen and bromine, hydrobromic; that consisting
of hydrogen and iodine, hydriodic.

A ternary acid is composed of three elements: hydrogen, a nonmetal,
and usually oxygen. Three such elements are usually able to combine
to produce several acids, i.e., a series. If only two acids are formed,
the naming is simple: We use the suffix -ic for the acid containing the
more oxygen, and -ous for the other. In cases where more than two
acids are produced, we must supplement our suffixes with suitable
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prefixes. For the acid containing the most oxygen, we use the prefix per-;
for the acid containing the least oxygen, we introduce the prefix hypo-.
The following table illustrates the rules:

Acids of Chlorine Formulas Acds of Sulfur Formulas
Hydrochloric acid Hl Hydrosulfuric acid H.S
Hypochlorous acid HCIO Hyposulfurous acid H:SO:
Chlorous acid HCIO: Sulfurous acid H.S0;,
Chloric acid HCIO; Sulfuric acid H.SO,
Perchloric acid HCIO, Persulfuric acid H.SO;

Let us not be alarmed by the above ‘“chemical grammar.” The rules
were intended to show that the chemist employs a definite system in
naming his compounds. With practice we shall easily add these rules
to our working knowledge of chemistry. Moreover, the number of im-
portant inorganic acids are relatively few, and easy to remember. The
following acids and their formulas should be memorized:

Acd Formula
Hydrochloric acid HCl
Sulfuric acid H.SO,
Nitric acid HN,
Phosphoric acid H,PO,

BASES

A basc is a compound of a metallic element with one or more
hydroxyl (OH) groups. A base is best defined, however, as a com-
pound whose water solution contains hydroxyl ions (OH-).* Let us re-
member that a base is a base because of the hydroxyl ion. for it is
the OH- ion which endows the base with its characteristic chemical
properties.

Properties. TasTE. Bases have a bitter taste.

ACTION ON INDICATORS. Bases act opposite to acids on indicators.
Bases turn litmus from red fo blue, and methyl orange from orange to
yellow. Another important indicator for bases is phenolphthalein. This
indicator is turned red in a basic medium, and remains colorless in an
acid medium.

ACTION WITH AcIDs. Bases neutralize acids, forming salts and
water. This reaction is called neutralization. The following is illustra-
tive:

* According to the modern concept (the Bronsted Theory), a base is defined
as an acceptor of protons. Certain substances, therefore, other than hydroxides
may be technically considered bases. For all practical purposes, however, the
above definition is entirely satisfactory.
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NaOH + HCl— NaCl 4+ H:O

STRONG AND WEAK Bases. The strength of a base depends upon
the degree of ionization.

Preparation. There are four simple and common methods of
preparing bases:

1. ACTION OF AN AcCTIVE METAL wiTH WATER. When sodium
or potassium is dropped in water an explosive reaction takes place,
with the formation of the hydroxide and hydrogen:

2Na + 2H.O — 2NaOH + Ho,f
2. ACTION OF A BASIC ANHYDRIDE WITH WATER:
CaO 4+ H.O — Ca(OH).
3. ACTION BETWEEN A SALT AND ANOTHER BASE:

AICT, 4+ 3NaOH — 3NaCl + Al(OH) |

4. AMMONIA AND WATER. Ammonia reacts with water to form the
important base, ammonium hydroxide:

NH; + H,O — NH,OH
Nomenclature. The name of a base is derived from the name

of the element, followed by the word hydroxide. The following im-
portant bases and their formulas should be memorized:

IHydroxide Formula
Sodium hydroxide NaOH
Potassium hydroxide KOH
Ammonium hydroxide NH,OH
Calciim hydroxide Ca(OH)-

SALTS

Salts are compounds which result from the substitution of a metal
for hydrogen in an acid. A salt is also defined as a compound con-
sisting of a metal with a nonmetal or an acid radical. Salts far out-
number acids and bases and it is, therefore, most important that we
have a good understanding of their properties, methods of preparation
and nomenclatyre. Salts have a wide variety of characteristics. Those
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containing a common element, however, usually have similar chemical
and physical properties. As a general rule, salts are white crystalline
solids with a “salty” taste. When in solution, all salts are 100 per cent
ionized.*

Preparation. Salts are prepared in many ways. The following
methods of preparation are suggested because of their fundamental
nature:

1. NEUTRALIZATION. We have already encountered this term twice
before. Neutralization is the rcaction between an acid and a base,
forming a salt and water. Neutralization is also defined as the union
of the hydrogen (H') and the hydroxyl ion (OH-) to form water. (We
shall do well to remember that the reason a neutralization reaction goes
to completion is because water does not ionize.) The following are
neutralization reactions:

NaOIl 4+ HCL —> Na(l -+ H,O
Ca(OMH); + 2HNO,; —> (a(NOy)s + 2H,O

2. ACTION OF AN ACID ON A METAL:
7n 4+ 2HCl — 7ZinCly 4 HaT
3. ACTION OF AN ACID ON A METALLIC OXIDE:
CaO + 2HCl —- » CaCly 4+ H,O
4. DIRECT UNION OF MFTALLIC AND NONMETALLIC ELEMLNTS:
Fe 4- S — TeS

Nomenclature. No difficulty will be experienced in the naming
of salts if we recall the nomenclature of the acids. Salts derived from
a ternary acid are named by stating the metal and following it with a
word having a characteristic suffix. If the name of the acid ends in -ic,
the suffix for its salt is -ate; if the acid ends in -ous, the suffix is -ize.
If the name of the ternary acid has a prefix, such as Aypo- or per-, that
prefix is made the prefix of the salt. Salts of binary acids are easy to
name: the name of the metal is followed by a word having the
suffix -ide. The table below illustrates the method of naming the sodium
salts of the chlorine acids.

* Salts, as a matter of fact, do not need water to ionize, for a fused salt is able
to carry a current.
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Aced Formula Salt Formula

Hydrochloric acid HCl Sodium chloride NaCl
Hypochlorous acid HCIO Sodium hypochlorite NaClO
Chlorous acid HCIO. Sodium chlorite NaClO:
Chloric acid HCIO; Sodum chlorate NaClOy
Perchloric acid HCIO, Sodium perchlorate NaClO,

Types of Salts.  Acip SaLts. Let us consider the neutralization
reaction between NaOH and H.SO,. In this reaction there are two
possibilities:

NaOH + H,SO; — NaHSO; + H,O (cold solutions)
or

2NaOH + H.SOQ; — Na.SO; + 2H:O (warm solutions)

Thus, acids with more than one replaceable hydrogen atom may form
more than one salt. Salts of polybasic acids (acids containing more
than 1 atom of hydrogen) containing 1 or more atoms of hydrogen
are called acid salts. Many times acid salts are improperly named. We
will experience no confusion in naming an acid salt if we employ the
proper prefixes. Thus, the sodium salts of phosphoric acid may be
called trisodium phosphate, Na,PO,; disodium hydrogen phosphate,
Na,HPO,; and monosodium hydrogen sulfate, NaH,PO,. It is common
practice to use the prefix, bi-, to name an acid salt of a dibasic acid,
e.g., H.CO, and H,SO,. Thus, Na,SO, is called sodium sulfate, and its
acid salt, NaHSO,, sodium bisulfate.

NORMAL SALTS. A normal salt is a salt which does not contain -
hydrogen. Thus, in the above illustrations Na;PO, and Na.SO, are
normal salts.

DouBLE SALTS. A double salt is a compound containing two
metals combined with one acid radical. Our common alum, KA1(SO,).,
is a good example. This compound is called potassium aluminum
sulfate. A large number of our mineral substances are double salts.

Hydrolysis

Let us prepare a solution of sodium chloride (NaCl), a solution of
aluminum chloride (AICl,) and a solution of sodium carbonate
(Na,CO;). If these solutions are now tested with litmus, we shall dis-
cover that only the sodium chloride “behaves like a salt,” i.e., reacts
neutral. The solution of aluminum chloride is acidic, and the sodium
carbonate solution is basic in reaction. Since an acid is associated with
the H* ion, and a base with the OH- ion, how do we account for the
results? The answer to this question is hydrolysis. Hydrolysis is defined
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as the reaction between a salt and water producing an acid and a base.*
If the acid and base produced are both strong, the solution is neutral;
if the acid is stronger than the base, the solution is acidic; and if the
base is stronger than the acid, the solution is basic.t This explanation is
entirely satisfactory, but it will help us to remember and appreciate
hydrolysis better if we study the mechanism of the reaction.

It was stated before that water does not appreciably ionize. However,
the few ions which are formed are sufficient to react with a salt. Since
water ionizes into H* ions and OH- ions, let us write its formula as
HOH. The following reversible reaction takes place in solution:

NaCl 4+ HOH ——= NaOH + HCI

Note that this reaction is reversible because the products are neither
insoluble, gaseous nor nonionized. In other words, if the water were to
be evaporated from the solution, sodium chloride would remain. Now,
both the base (NaOH) and the acid (HCl) are strong electrolytes; i.e.,
they are highly ionized. The overall picture, then, is that there are as
many H* ions as OH- ions; hence, the solution is neutral. The following
reaction is more complete:

(strong) (strong)
NaCl 4+ HOH —= NaOH + HC(l
1 it
Na' + OH- H! 4 CI-
(OH- = H*)

The following hydrolysis reaction accounts for the acidity ot uluminum
chloride:

(weak) (strong)
AlCL + 3HOH =  AI(OH); + 5HCI
I it
Al 4 30H- 3HY 4 31
(H* > OH")

The products, aluminum hydroxide and hydrochloric acid, do not ionize
to the same extent. Since HCI is a strong acid, it furnishes more ions
than does the weak base, aluminum hydroxide; thus, the H* ions out-
number the OH- ions, and our solution is acid in reaction.

*In a more general sense hydrolysis may be accurately applied to any re-
action in which a substance is chemically altered by water.

1 H.S0O,, HCI and HNO, are strong acids; NaOH and KOH are strong bases.
All other acids and bases may be considered weak.
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For the hydrolysis of sodium carbonate solution we have:

(strong) (weak)
Nay(!O3 + 2HOH = 2NaOH + H.CO;

1 i
2Nat 4+ OH- 2H*' + (Oy-
(OH- > H*)

This solution is basic because the OH- ions exceed the H* ions.

Hydrolysis is of great practical concern in and out of the laboratory.
Anyone who employs chemistry in any form usually must know if a
solution is acidic, basic or neutral. From a theoretical point of view,
an understanding of hydrolysis is essential.

HYDROGEN ION CONCENTRATION (pH)

The aphorism that big things come in little packages is thoroughly
substantiated by the expression pH. pH is of paramount interest not
only to the chemist, but also to anyone who employs the disciplines of
chemistry in any form. The value of pH arises from the fact that this
term is an exact and easy way to express the “reaction” of a solution—
i.e., the degree to which it is acidic or basic. There is scarcely a sub-
stance which is immune from the influence of a solution with which it
comes in contact. Moreover, many substances are inhibited or destroyed
by extremely slight changes in acidity or basicity. Of these substances,
protoplasm—or life itself—heads the list; death results when the point
of optimum performance of the blood shifts ever so slightly in relation
to its acid or base content.

In a liter of pure water the hydrogen ions (H*) weigh 0.0000001
gram. Since water is neutral, there arc as many hydroxyl ions (OH")
as hydrogen ions and, therefore, the concentration of hydroxyl ions in a
liter of water is the same, or 0.0000001 gram per liter. In any solution
which is not neutral, therefore, the concentrations of the hydrogen ions
and the hydroxyl ions will not be equal. A neutral solution has a pH
of 7 (pH 7)—the number 7 standing for the number of places to the
right of the decimal point in 0.0000001. A solution with an H* concen-
tration of 0.00000001 will have a pH 8. Thus, the higher the pH the
less the acidity—or the greater the basicity. The pH range extends from 0
(pure acid) to 14 (pure base) (see Fig. 9). A pH of 7.5 would indicate
that a solution is very slightly alkaline; a pH of 6.9 would be on the
“acid side of neutral.” The pH of the blood is between 7.35 and 7.4;
a slight change (=0.5) either way is incompatiblc with life.

Since the pH of a solution is one of its most important characteristics,
several methods have been devised to measure it, the most accurate
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method involving the use of special “pH meters.” Commonly, however,
dye indicators are employed, e.g., litmus, methyl orange and phenol-
phthalein. Because these substances do not change color at an exact
pH, they are employed only in those cases where the exact pH is not
required. Litmus, for cxample, is of value only in so far as it can tell
whether a solution is “fairly acid” or “fairly basic.” It is possible to

0

Acid

Neutral < 7

Alkaline

——e)

pmem | |

4;

—12

—13

14
Fig. 9. 'The pH range. (Sce text.)

buy “pH paper” which affords some degree of accuracy. Weakly acidic
or basic solutions which do not cause litmus paper to change may
be detected by “pH paper.” The test is carried out by wetting the paper,
and then matching the color against a set of standards.

QUESTIONS

. What is the chemical name of N.O,?

. Sulfur dioxide reacts with water to form sulfurous acid. Write the equation.

. What is the basic anhydride of calcium hydroxide? Write the equation for the
reaction between this oxide and water.

. Write the equation for the reaction between phosphoric acid and potassium
hydroxide.

. Write the equation for the reaction between aluminum and sulfuric acid.

. What is the chemical name of A1(OH).?

Name the salts of the following acids: H:PO,, HCI, H.SO,, H.SO,, HNO; and

HNO..

N W —

Nowm
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10.
I
12.

13.

14.

15.
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. What are the acceptable names of Ca(HCO,)., KHSO,, Na.HPO,, HCIO

and KCI?

. Milk of magnesia is a popular agent used to neutralize excess acidity in the

stomach. Write the equation which explains this activity.

On a basis of hydrolysis explain (using equations) why a salt such as K.CO,
would irritate the stomach.

On a basis of hydrolysis explain (using equations) why NH.CI is acidic in
solution. .

Fungi grow best at pH 5, while bacteria grow best at pH 7. What is the
chemical significance of this statement?

Five hundred cubic centimeters of a certain solution contain .0005 gm. of
H' ions. What is the pH of this solution? (1 liter = 1000 cc.)

If some KCl were dissolved in pure distilled water, what would be its pH?

The pH of distilled water is slightly (usually) on the acid side. Offer an
explanation.



CHAPTER 6

THE NONMETALS

The preceding chapters were devoted to the development of ideas. A
discu-sion of the elements and their compounds was deferred until now
for the sake of continuity. Although new terms and ideas will be
presented in future chapters, the basic facts of inorganic chemistry have
been stated. Now we are prepated and ready to familiarize ourselves
with the important elements and their compounds.

In this chapter we shall study the important nonmetals and their
compounds; in the following chapter, the metals and their compounds.
We should closely correlate this study with the position of the elements
in the Periodic Table (Fig. 4). As pointed out before. the Periodic
Table lessens our work in chemistry by affording us an easy and
applicable system of classification. Briefly, let us review the generai
arrangement and structure of the table. The vertical columns are called
groups and the horizontal divisions, periods. Elements of the same
group are similar in their chemistry; therefore, if we are familiar with
the chemistry of one, we know a gre.t deal about the chemistry of the
other elements of the group. This applies beautifully to the first 16
elements, but does not strictly hold throughout the table. For cxample,
the elements copper, silver and gold of Group I bcar little relation to
lithium, sodium and potassium. Thus, in the same group we may have
subgroups; these subgroups are called families. In the above example,
copper, silver and gold belong to one family (Family B in the table),
and lithium, sodium and potassium another (Family A). Each group
has its characteristic valence. Since some elements exhibit more than
one valence, the valence indicated above each group is the one which
is most common to the elements of that group. It is to be recalled also
that elements of Group I are true metals, and those of Group VII, true
nonmetals. As we pass toward the middle of the table from either side,
the elements become somewhat ambiguous in nature. Elements of
Group VIII are metallic in their physical properties and variable in
their chemical properties. The elements of Group O are the so-called
inert gases; since their outer orbits are filled, they do not react with
other elements.

47
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OXYGEN

Oxygen is the most abundant element. It occurs in the free state in
the atmosphere at a concentration of about 21 per cent, and in the
combined state, e.g., water, quartz, clay and limestone, it constitutes
50 per cent of the earth’s crust. The credit for the discovery of oxygen
is given to Joseph Priestley, an English clergyman. Priestley prepared
the gas in 1774 by heating mercuric oxide (HgO).

Preparation. Oxygen may be prepared in several ways. The fol-
lowing two methods are most applicable to the laboratory:

1. DECOMPOSITION OF MERCURIC OXIDE:

2HgO — 2Hg + O,
* Delta (A) means heat.

2. DECOMPOSITION OF POTASSIUM CHLORATE. This is the most
common method. In this method a mixture of potassium chloratc

KClO3 + MnO,

Oxygen gas

1\

Fig. 10. Preparation of oxygen.

(KCIO,) and manganese dioxide (MnO.) is gently heated. Since the
gas is insoluble in water, it is collected by the method shown in Figure
10.

2KCIO; 2% 2Kl + 30,7

In this reaction manganese dioxide acts as a catalyst.

Commercially, oxygen is prepared by the following two methods:

1. ELECTROLYSIS OF WATER. When an electric current is passed
through water (a little H,SO, is added to make the water conductive),
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it is decomposed into oxygen and hydrogen. The hydrogen is collected
over the cathode, and the oxygen over the anode:

2. LiIQquib AI