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You have already learned some basic facts about the structure of different
atoms. You have also seen that the reactivity of atoms depends upon
their structures,

In the following lesson units you will study the relation between the structure
and the degree of chemical reactivity of different atoms in greater detail and
how this influences the physical properties of the compounds produced. You
will gain a bas:ic understanding of the chemical characteristics which are
common to all elements in certain categories, such as the metallic elements.
In addition, you will study some of the useful processes involved in chemical
reactions between different substances.

The material in the following lesson units is presented in prose sections which
are separated by questions. The prose and questions resemble the material
which you can expect to find in high school equivalency examinations,
However, in those examinations the questions are all found at the end of a
complete prose selection,

READ each prose section carefully, then READ the questions which follow it.
First try to answer the questions without looking through the preceding prose.,
If you do not know the answer to one or more questions READ through the
prose again, keeping in mind the questions which you have to answer. You
should always answer each question, even if you can only guess at the
correct answer,

After you have answered all of the questions in a group, turn to the correct
answers given on the next page., Check your answers, If your answers are
wrong and yc<1 cannot understand the correct answers, look through the
prose again to see what you have missed.

Never consult the correct answers before you give your own answer to each of
the questions -- even if you must guess an answer,

ANSWER the following questions. Try to give the correct answ«rs without
referring to the passage above,

1. The following iesson units all deal with:
a. [J only the chemical properties of different substances
b. [J onlythe physical properties of different substances

c. J the physical and chemical properties of different substances




2. According to the instructions in the prose passage, you should:

read the entire lesson unit before reading each set
of questions

read each prose section and try to answer the questions
which follow it before proceeding to the next prose section

try to answer the questions at the end of each prose
section before you read the prose

3. According to the instructions, if you have difficulty in answering the
questions following the first reading of a prose passage, you should:

guess at the correct answers without reading the passage
again

leave those questions blank and go on to the next passage

look at the correct answers given on the page following the
questions

read the passage again to gain a better understanding and
then try to answer the questions




ANSWERS:




As you have learned, atoms consist of positively charged protons, negatively
charged electrons, ard neutrons, which are neither positively nor negatively
cnarged. The weight of an atom depends on the number of protons and neutrons
in the nucleus. The chemical properties of an element depend on the number
and arrangement of the atom's electrons.

In previous lessons, we said the electrons circle the nucle us in orbits. We
refer to these orbits by using the letters of the alphabet from K to Q. The
electrons are kept in their orbits by the force of attraction exerted by the
positively charged nucleus. The further an orbit is from the nucleus, the more
room it has for electrons, but the more loosely those electrons are held. For
example, the first orbit can hold only 2 electrons, but these electrons are more
strongly attracted to the nucleus than 2 electrons in the wurth or N orbit.
Although the electrons in inner orbits are held so tightly that they can only be
removed by exerting a great amount of energy, the electrons in the outermost
shell are held so loosely that they are removed in chemical reactions. In fact,
chemica! reactions always involve the electrons in the outermost orbit; some-
times, the next inner orbit is also involved. The outermost orbit is called the
valence orbit and the electrons in it are referred to as the valence electrons.

As you know, atoms with 8 electrons in their outermost orbits have a greater
degree of stability., They are relatively nonreactive. Atoms that do not have 8
electrons in their outermost orbits are not as stable. The atoms of these
elements react in order to gain the extra electrons they need to have 8 valence
electrons, or they react in order to lose the valence electrons they already have.
The number of electrons to be gained or lost is called the valence number. The
valence number is positive if electrons are lost and negative if electrons are
gained. For example, an atom of bromine (whose elemental symbol is Br) has

7 electrons in its valence orbit. A bromine atom needs to take 1 electron away
from another atom. It therefore has a valence of -1. The valence number can
be indicated in the upper right-hand corner of an element's symbol; thus, the
fact that bromine, Br, has a valence of -1 may be shown as Br-l. An oxygen
atom (symbol 0) has 6 electrons in its outermost orbit; it needs 2 more electrons.
Thus, its valence number is -2. The symbol 0-2 shows the valence number of
an oxygen atom. Sodium atoms, on the other hand, have 1 electron in their
outer orbits. The sodium atom (symbol Na) loses its extra electron in a chemical
reaction; therefore, its valence is +1, written Na*l . Atoms that have gained or
lost one or more electrons have a charge and are called lons. Atoms that have
gained electrons have a negative charge and are called anions; while atoms that
have lost electrons have a positive charge and are called cations.

1. The valence orbit is:
a. [ the tnnermost orbit

b. [0 nexttothe outermost orbit

c. [0 the outermost orbit




REFER to the drawings below.

How many valence electrons does each
atom represented have ?

NOTE: THESE ARE DIAWINGS OF FICTIONAL ATOMS.




What is the valence number of the atoms represented below.




4, MATCH the following columns:

positively charged atom l. _ __ anion
negatively charged atom 2., ___ cation
atom without a charge 3. ____ ion
neutral atom with 2 electrons

in its valence orbit

neutral atom with 7 electrons
in its valence orbit




ANSWERS:

1.

2.

C

Atom A -1
Atom B - 8
Atom C- 7
Atom D- 6
Atom E - 2

Atom A - +2
Atom B - +2
Atoin C- -1
Atom D- -1
Atom E - -3

1. B, 2,A,

3.

A, B




When two atoms react so that one becomes an anion and the other a cation,

the ions formed attract each other strongly because they have opposite charges.
This electrical attraction, called electrovalence or an electrovalent bond,
holds the ions together. Thus, compounds made up of ions are called
glectrovaient compounds or ionic compounds.

Atoms with 1 or 2 electrons to be gained or lost are very active and have a
great tendency to form stable ionic compounds. Atoms with 3, 4, or 5 electrons
are not as active and do not form ionic compounds. Although it is not hard to
take a valence electron from an atom, it is difficrit to remove another electron
from a positive ion. If an atom has lost 2 electrons, it is twice as hard to take
away another. So atoms with 3 or more electrons in the valence shell do not
lose them all. The same principle holds true for adding electrons to atoms.

It s ezsy to add 1 electron, harder to add 2, and harder still to add 3 or 4.
Therefore, atoms with 3, 4, and 5 electrons do not gair or lose electrons and,
thus, do not form ions. Instead, these atoms share electrons with other atoms.
In other words, two atoms attracted to each other by their need for extra
valence eiectrons, come together so that their outer orbits are in contact. The
shared electrons (one or more from each atom) become associated with each
other and, as a pair, they are attracted to the positively charged nuclei of both
atoms at the same time. This is what we mean when we say that atoms are
sharing electrons. Compounds formed by atoms sharing one or more pairs of
electrons are called covalent compounds, and the zttraction holding the atoms
together is calied covalence or covalent bonding. Covalent bonding is easier
to understand if you think of the nuclei of each atom holding on to the same
electrons like two men holding on to a chain. Unless the chain breaks, the
two men will be Lound together until one of them lets go. If neither lets go,
they remain tied to each other.

For electrovalent compounds, there is a simple connection between the valences
of the atoms and the number of atoms forming the compound. The valence number
of each atom donating electrons multiplied by the number of atoms donating
electron~ gives the total positive charge. Similarly, the valence number of each .
atom gaiiing electrons multiplied by the number of atoms gaining electrons gives
the tota; negative charge. Since the compound has to be electrically neutral,
the nur. ber of the positive charge and the number of the negative charge must be
the sar-e. For example, when calcium (symbol Ca), which has a valence of +2,
reacts with chlorine (symbol C1), which has a valence of -1, the resulting
compc. nd, calcium chloride, must contain 1 atom of calcium and 2 atoms of
chloriiie because it takes 2 atoms of chlorine (each has a charge of -1) to
neutrz’ize the one atom of calcium (which has a charge of +2). The resulting
formul.i is written CaCl, (the small number below the line in the formula, the
subsc ipt, indicates that there are 2 atoms of Cl in the compound), We can write
the sy nbol for calcium showing its valence number; it is cat2, The symbol for

chlori ie showing its valence numver is C1~1. We can now construct a simple
mathe natical equation to show the relationship between the atoms and their

valen. e numbers and the charge on the resulting compound.




Calcium with a valence of +2 times the number of calcium at~ms, 1; plus
chlorine with a valence of -1 times the number of chlorine a. ms, 2; yields
a total charge of 0.

Let's consider another example. When sodium (symbol Na), with a valence of
+1, reacts with chlorine (symbol Cl), again, valence -1 , the compound formed
is NaCl. Thus, when 1 atom of sodium reacts with 1 atom of chlorine, the total
positive charge, +1, is neutralized by the total negative charge, -1. If you
know ‘he valences of the atoms, you can predict the formula of the resulting
compound; or, if you have the formula, you can tell the valences. In later
lessons, you will learn to find the valences from a specially arranged chart of
the elements called a periodic table.
S. Anions and cations are held together:
a. [J only by an electrovalent bond
b. [J only by a covalent bond

c. [J by either a covalent or an electrovalent bond

6. If an atom has 4 valence electrons, it will react with other atoms by:
a. [J gaining electrons
b. [J losing electrons

c. [J sharing electrons

7. In a covalent bond, atoms may:
a. [0 share only 1 pair of electrons
b. [J share 1 or more pairs of electrons

c. [J gain or lose electrons

10




The symbols of several elements with the valence number of the atom
shown in the upper right-hand corner are given below. Keeping in

inind that the positive charge of a compound must neutralize the negative
charge, WRITE the chemical formula of the compound indicating the
number of atoms of each element. (Note: it is not necessary to use a
subscript when only one atom of an element is involved in the forn.ula.)
WRITE the correct chemical formula:

H*! combined with C1-1

Htl combined with §~2

Fe*2 combined with C1-1

H*! combined with 0~2

Al*3 combined with O~2




HCI
H,S
FeCly

H20

Al203




Atoms that tend to take up electrons are called oxidizing agents. The name
comes from the fact that when oxygen attacks a metal, forming an oxide, it
takes electrons from the metal. Atoms that give up electrons are called
reducing agents. Reactions in which one atom is oxidized and the other is
reduced a-e called oxidation-reduction reactions. Every oxidation must be
accompanied by a reduction since there cannot be a winner of electrons without
a loser. (Acids are often defined as substances which need electrons, and
bases are defined as having excess electrons. An oxidizing agent is, therefore,
also an acid and a reducing agent is also a base.) Metals such as sodium and
magnesium have 1 or 2 electrons in their valence orbit so they tend to lose
electrons. They are reducing agents. Nonmetals, such as chlorine and sulfur
need 1 or 2 electrons to have 8 electrons in their outer orbit, so they tend to
gain electrons, They are oxidizing agents. In the next lessons, you will
learn how to predict when oxidation-reduction reactions will occur, and how to
predict some of the properties of the compounds resulting from these chemical
reactions.

9. MATCH the following columns:
A. gain electrons 1. acids
B. lose electrons 2. bases
3. metals
4, nonmetals
S. oxidizing agents

6. reducing agents

10. A. Sodium (symbol Na) has a valence of +1. Sodium is:
a. O ametal
b. O a nonmetal
B. Beryllium (symbol Be) has a valence of +2. Beryllium is:
a. [] an oxidizing agent

b. O a reducing agent

13




10. C. Sulfur (symbol S) has a valence of -2. Sulfur is:

a. [0 ametal
b. [0 a nonmctal

D. Iodine (symbol I) has a valence of -1. Iodine is:
a. [ an oxidizing agent

b. [0 areducing agent

Time completed




ANSWERS:

WHEN YOU HAVE FINISHED THIS LESSON, WRITE DOWN THE TIME. THEN TAKE
THE LESSON TO YOUR INSTRUCTOR OR HIS ASSISTANT FOR CHECKING. WAIT
UNTIL THE LESSON IS APPROVED BEFORE GOING ON TO THE NEXT LESSON.
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Let us now consider the forces holding material together, and how these
forces affect chemical properties.

Two atoms can share electrons to form a covalent bond, or one atom can
take one or more electrons from another atom to form an electrovalent
compound, For two atoms to share a pair of electrons, each nucleus must
attract the pair of electrons with a force that is just about as strong as

that of the other, The size of this force depends on two factors: the
number of charges (protons) in the nucleus and the distance between the
nucleus and the shared electrons, Remember, the further the nucleus

is from the electrons, the weaker the attraction, So large atoms, those
with a high atomic number, whose nuclei are far away from the outermost
orbit, attract their valence electrons only weakly. On the other hand, the
more protons (positive charges) in the nucleus, the greater the force of
attraction for the electrons, In the next lesson, you will learn how to tell
which atoms have large radii (the distance between the center of the nucleus
and the outermost orbii) and which have highly charged nuclei, At present
it is sufficient to know that the atomic radius and the charge of the nucleus
vary so that atoms of different elements have different degrees of attraction
for electrons, We call this attraction electronegativity. The reason for
the name is that atoms attracting electrons away from other atoms become
negatively charged.

If the electronegativities of two atoms are the same, or almost the same,
the two atoms attract the electrons with equal force, and the bond is
covalent. As you know, two or more atoms of the same element sometimes
form molecules, Examples of these elemental molecules are oxygen (03),
nitrogen (N2), and hydrogen (Hz). Each molecule of these substances
consists of two identical atoms; and thus the electronegativities are exactly
the same, and the bond is covalent,

In some molecules in which the two atoms are not alike, such as carbon
dioxide (CO32), water (H70), and benzene (CgHg), the difference in electro-
negativities is so small that the electrons are still shared just about equally,
so that the bond is still covalent,

On the other hand, if the difference in electronegativity is great, the electrons
are not shared but are pulled completely away from one atom to the other.
Thus, one atom completely loses its electron and becomes a positive {on,

In other words, the atom is oxidized. The other atom gains an electron and
becomes a negative fon. In other words, this atom is reduced. (You will
remember that oxidation i{s the losing of one or more electrons and reduction

is the gaining of one or more electrons.) For example, in the reaction:

Na + Cl = Na* + CI1-

the sodium atom (Na) has beer oxidized by the chlorine atom (C1) and the
chlorine has been reduced by the sodium,




1. All atoms have:
2. [0 equa! r.umbers of protons and electrons
the same atomic 1adius
the same electronegativities

the same number of protons

2. Electronegativity refers to:
a. [J an atom's degree of attraction for electrons
b. [J a positively charged atom

c. [ the distance between the center of the nucleus and the
valence electrons

d. [0 the number of protons in the nucleus

3. Two atoms of different elements held together by a covalent bond:
a. [J have different electronegativities

b. [J have similar electronegativities

c. [ may have either similar or different electronegativities




4. LOOK AT the diagram below, The drawing represents the potassium
atom after it has donated an electron to the chlorine atom to form
the compound, potassium chloride.

Which statement can you correctly make concerning the electronegativities
of potassium and chlorine ?

a. [J The electronegativity of chlorine is greater than that of
potassium,

b, The electronegativities of potassium and chlorine are

the same,

|
c. [ The electronegativity of potassium is greater than that
of chlorine,
|

Nothing can be determined about the electronegativity of
either potassium or chlorine,




ANSWERS:

1. a

3. b

4. a




Sometimes the atoms of different elements are bound together by strong covalent
bonds, so that they act as if they were a single fon with one valence number,
An example of this is 804~Z; here, one sulfur atom (S-2) shares electrons with
4 oxygen atoms (0-2) to form a group of atoms with a valence of -2. A group

of atoms held together by covalent bonds, behaving almost like a single fon,

is called a radical. Other examples of radicals are the carbonate radical,
CO3‘2,l'the phosphate radical, PO4‘3, and the permanganate radical,

MnOg4-1,

All reactions in which fons or radicals are formed are oxidation-reduction
reactions., All oxidation-reduction reactions take place because there are
large differences in the electronegativities of the reacting atoms. However,
not all oxidation-reduction reactions produce ions or radicals. In some
cases, fons or radicals are oxidized or reduced to form neutral atoms or
molecules, For example, the chloride fon, Cl1-1, is oxidized by the
permanganate radical, Mn04‘l, in acid solution, forming chlorine, Cla,
and manganese dioxide, MnO3, both of which are neutral. The chioride

fon is oxidized and the permanganate radical is reduced,

1

5. MnO4 " is:
a. [ an fon that behaves like a radical
b. [0 an fon that can be reduced
c. [0 aradical that can be oxidized
d. [0 aradical that can be reduced

6. The carbonate radical, CO3'2, is held together:

a. [0 because the electronegativities of the elements involved
are different

b. [J by a covalent bond

e
O

by an electrovalent bond

&
O

by neither an electrovalent nor a covalent bond because
the radical has a valance number







There is one other important type of bond between atoms, in addition to

the covalent and electrnvalent bonds, This is the metallic bond, which
gives metals their unusual and important properties. In the metallic bond,
electrons are neither shared by two atoms at the same time nor are they
transferred completely from one atom to another, Instead, they wander
freely back and forth from atom to atom. In a piece of metal, the valence
electrons move around freely, so that at one moment an atom may be

without a valence electron; at the next moment, it may be neutral or have

two extra electrons and be negative, Because of this wandering of electrons,
there are many positive ions in the metal at any given time and these positive
fons attract the electrons moving around. This attraction constitutes the

metallic bond which holds the metal together, The proof that electrons

move freely in metals lies in the fact that metals conduct electricity., An
electric current is a flow of charge. Since ions are relatively large and
cannot move through solids, the charge moving through the metals must be
due to the electrons. Another proof is the fact that when metal filaments are
heated, they give off electrons. This phenomenon is the basis of the
electronic tube.
7. An elemental molecule is held together by:

a. [ a covalent bond

b. [J an electrovalent bond

c. [J a metallic bond

d. [ none of the above

8. A substance held together by a metallic bond contains;
a. [ free electrons and positive fons, but not negative ions
b. [0 only negative ions and free electrons

c. [J only positive and negative ions

d. [0 positive fons







Another type of attraction we should consider is the attraction between
molecules, Intermolecular attractions can be due to a variety of forces,
all of which are weaker than covalent bonding, ionic bonding, and metallic
bonding. As a result, the forces between molecules are weak while the
forces between atoms and between ions are strong. For example, it does
not take much energy to separate O2 from other molecules, At very low
temperatures, oxygen boils, going from a liquid, which consists of
molecules packed tightly together, to a gas, which consists of molecules
more widely separated., On the other hand, to break the O2 molecule

down into 2 single oxygen atoms takes a lot of energy. Oxygen does not
break down until it is heated hundreds of degrees above normal temperatures.

The physical properties of a substance depend largely on the type of bond
that holds it together, When a substance is made up of molecules held
together by a covalent bond, such as carbon dioxide molecules or benzene
molecules, the forces holding it together are weak, These substances
melt at a low temperature, boil easily, dissolve readily in solvents, and,
in the solid state, are soft and break easily, When a substance consists
only of atoms held together by a metallic bond, as iron does, the substance
is harder and stronger, has a high melting point, does not boil until very
high temperatures are reached, and does not dissolve in most solvents,
When a material is held together by electrovalent bonds, as sodium
chloride is, it too is hard and strong, does not melt easily, and does

not boil at all; but it does dissolve in certain solvents, such as water,
These will be discussed in a later lesson.

One very good way to distinguish electrovalent compounds, covalent com-
pounds, and metals from one another is to test their ability to conduct
electricity, both in the solid and in the liquid states. Covalent compounds
do not form ions and do not conduct electricity at all, either in the solid

or in the liquid states (unless they are combined with water or another
liquid in which they form ions). Metals have free electrons which move
about in both liquids and solids, so metals can conduct electricity in

both the liquid and the solid states. Electrovalent compounds conduct
electricity when they are melted, but not when they are in the solid state.
This is because electrovalent compounds consist of ions which cannot move
in the solid state, but which can move when given sufficient heat energy,
that is, when melted,

<8




9. Molecules can be separated at a low bolling point because:

a. O

b.

O
c. O
O

d.

all molecules held together by covalent bonds have
a low boiling point

the intermolecular force of attraction is stronger than
a covalent bond

the molecule does not break apart at a low bofling point

they are held together by covalent bonds

10. MATCH the columns below:

A. covalent compounds conduct electricity

in the liquid state

B. electrovalent compounds

conduct electricity

C. metals in the solid state

Time completed

d> not conduct electricity
in the liquid state

do not conduct electricity
in the solid state




ANSWERS:

10. 1. B’ C
2, C
3, A

4, A, B

WHEN YOU HAVE FINISHED THIS LESSON, WRITE DOWN THE TIME. THEN TAKE
THE LESSON TO YOUR INSTRUCTOR OR HIS ASSISTANT FOR CHECKING. WAIT
UNTIL THE LESSON IS APPROVED BEFORE GOING ON TO THE NEY " LESSON.

30
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When a flower is placed in water, it appears to be refreshed, but if the
same flower were placed in a strong solution of sugar, it would quickly
become wilted in appearance. This fact is due to a process called
osmosis. Osmosis plays an important role in the life processes of both
plants and animals,

Osmosis is caused by the phenomenon called diffusion, which in turn

is caused by the movement of molecules, At all temperatures, molecules
move.* In solids, molecules vibrate back and forth; in other words, they
stay in the same place but are in constant motion in that place. In gases
and liquids, however, the molecules move around from place to place at
very high speeds, constantly bumping into each other and bouncing off

in all directions, For example, in air, the average rate of movement of

the molecules is 700 miles an hour, On the average, one molecule collides
with other molecules at a rate of 100,000 times a second. Every time there
is a collision, the molecules bound off in different directions. In regions
where there are fewer molecules, there are fewer collisions: so the molecules
can travel faster and farther apart where there are fewer of them.

If some gas is put into one end of a long tube and there is a vacuum at the
other end, the gas molecules, since tney go faster in the direction where
there are fewer of them, will move towards the vacuum, filling it, Very
rapidly, the concentration of gas molecules will be the same all over the
tube. A similar process can take place in a liquid, although the molecules
of a liquid move more slowly, If a dye is put in a tube of liquid, the dye
molecules, by bumping around, slowly distribute themselves uniformly
throughout the liquid, just as if the tube were stirred or shaken. The
process whereby the molecules in a liquid or a gas move around until they
are distributed uniformly is called diffusion, Molecules always diffuse
from a region of high concentration toward a region of low concentration,

1. Molecules of solids:
a, [] arein motioﬁ only above the boiling point
b. [J are never in motion

c. [ are sometimes in motion

d. [J wvibrate back and forth but do not diffuse through the solid

*Theoretically, if the temperature of a substance could be lowered to -273° C
the molecules of the substance would no longer be moving, For this reason,
a temperature of -273° C, is referred to as absolute zero, The theory that
all molecular motion would cease at -273° C, was proposed by Lord Kelvin,

L




ANSWERS:




ANSWERS:

4.




7.

In the process of osmosis:

O

a.

O
O

solute molecules flow through an impermeable membrane
to an area of low concentration

solute molecules flow through a permeable membrane
solvent molecules flow across a permeable membrane

solvent molecules flow through a membrane which
prevents the flow of solute molecules




Consider our first example of osmosis: when a flower is placed in water,
water will pass through the cell membranes (cell membranes are semi-
permeable membranes) of the petals, and, thus, the petals will lose somre

of the withered look they may have had and appear fresher. If the flower,
however, is placed in a strong sugar solution, the water in the cells of the
petals will pass through the cell membranes into the more highly concentrated
sugar solution and the flower will appear withered,

There are many other examples of osmosis. Consider a swimmer immersed
in salt water: the membrane is the skin and water flows out of the dilute
salt solution in the body to the more concentrated solution in the ocean.
With the loss of water, the fingers arpear shrunken and wrinkled.

Another example of osmosis: Jams and jellies are made with large quantities
of sugar. In other words, they are very concentrated solutions of sugar.

Any bacteria or yeasts that come in contact with the jams or jellies are killed,
Water flows through the semipermeable membrane of the bacterial cells into
the concentrated sugar solution, (Remember: a concentrated sugar solution
has fewer water molecules than @ dilute sugar solution,) When the bacterial
cells lose their water, they decompose and die. This is why jams and jellies
are called "preserves"; they are preserved from bacterial attack.

8. The fluids in a plant and the water in the soil surrounding the roots both
contain dissolved salts, Water flows into the roots of the plant across
the cell membranes in the roots, You would guess that:

the concentration of dissolved salts is greater in the
fluids of the plant than in the solutions in the soil

the concentration of dissolved salts in the plant is the
same as the concentration of the water solution in the soil

the concentration of solutes is greater in the water solution
in the soil than in the fluids of the plant

Certain types of fish, such as herring, are preserved in a strong salt
solution. When bacterial cells come in contact with these salted fish,
thev are destroyed because:

salt crosses the semipermeable cell membranes of the
bacteria and kills the bacteria

water osmoses irom the salt solution in which the fish is
preserved through the semipermeable membrane of the bacterial
cells

waterosmoses out of the bacterial cells into the salt solution
in which the fish is preserved

ob
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The Periodic Table and Its Uses

There are innumerable chemical compounds, each with different properties
and different uses. It is obviously impossible to remember them all, and so

it becomes necessary to organize the information we have. By far, the most
useful and important tool for understanding and predicting the properties of
elements, and the compounds they form, is the periodic table. The periodic
table is a special chart of the elements. On it, the elements are arranged in
a way which makes it easy to see which elements will react with each other,
if the compound they form will be covalent or electrovalent, and what the
formula will be.

The periodic table is shown on Panel 1. Each of the 103 elements known to
man ic represented, in a separate box, by the symbol of the element. Luch
box also contains two numbers: the number in the upper left-hand corner is
the atomic number of the element. As you know, the atomic number is the
number of protons, or positive charges, in the nucleus (and, since an atom
has an equal number of negative charges, the number of electrons circling the
nucleus). The number at the bottom of the box is the atomic weight of the
element. You already know that the atomic weight of an atom is based on the
number of protons and neutrons in the nucleus. You may now be wondering
why many of the atomic weights are decimals.

All the atoms of an element have the same atomic number, but not all the

atoms of an element have the same atomic weight. For example, all the atoms
of the first element, hydrogen (symbol H), have at least 1 proton and 1 electron.
There are some atoms of the first element, however, that also have 1 neutron in
their nucleus; and others still, that have 2 neutrons in their nucleus. The
atomic weight of the atoms of the first element that have 1 proton and 1 electron
but no neutrons is 1. We call these atoms hydrogen. The atomic weight of the
atoms of the first element that have 1 proton, 1 electron, and 1 neutron is 2,
We call these atoms deuterium. All the atoms with an atomic number of 1 and
an atomic weight of 3 (atoms with 1 proton, 1 electron, and 2 neutrons) are
called tritium. Atoms that have the same atomic number but different atomic
weights are called isotopes, Usually, the isotopes of an element have the
same name; in fact, we can refer to deuterium as an isotope of hydrogen. Most
of the elements have isotopes. Actually, most of the elements exist in nature
as a mixture of several different isotopes.

The atsnic weight of an element given on the periodic table is an average weight
of this mixture. For examnple, the elentent chlorine (symbol Cl) exists as two
isotopes. One of these, with a mass number (atomic weight) of 35, makes up
75.4 percent of ail natural chlorine. The other, with a mass number of 37,
makes up 24,6 percent of the element. The average atomic weight of chlorine

is 35.453. (It is a remarkable fact that all natural chlorine contains these two
isotopes in exactly this proportion.) This is why many of the atomic weights
are decimals.




Isotor2s of an element have different atomic weights but their atomic
number (number of protons, and consequently, electrons) is the same. The
chemical properties of an element, which depend on the number and arrange-
ment of electrons, are the same fcr all the isotopes of an element.

1. An atom of deuterium:

a. [J has the same mic weight as an atom
of hydrogen

b. [J has the same atomic weight as an isotope
of hydrogen, but a different atomic number
than hydrogen

c. [0 has the same atomic number as an atom of
tritium

d. [0 has the same atomic number as hydrogen,
but not the same atomic number as tritium

2. The isotopes of an element have:

a. [J the same chemical properties because
they have the same atomic weight

[0 different chemical properties because
they have the same number of electrons

c. [0 different chemical properties because
they have a different number of neutrons

O

the same chemical properties because
they have the same number of electrons

REFER to Panel 1. Notice that the elements are arranged from left to right,
row after row, according to their increasing atomic numbers. Thus, going
from left to right on each row of the table and continuing at the left-hand

side of the next row, the atoms of each element have 1 more proton and 1

more electron than the atoms of the element they follow. Since the weight of
an atom increases with the number of protons, an increase in atomic number is
also an increase in atomic weight; thus, elements in the periodic table are also
arranged in order of increasing atomic weight. However, there are a few
exceptions to this, because of the existence of isotopes. In some cases, an
element with a smaller atomic number has an average atomic weight that is
greater than the average atomic weight of an element that follows it on the
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periodic table.
The columns pf the periodic table are numbered from IA to VIIIA, starting
at the left, as shown on the Panel. The number at the top of each column is
the same as the number of valence electrons in the atoms of the elements in the
column. All the elements whose atoms have 1 valence electron are in column IA,
all those with § valence electrons are in coiumn VA, etc. Thus, from their
location on the periodic table, one can tell how many electrons the atoms of a
pair of elements have, and work out the formula of the compound they may react
to form. For example, aluminum, symbol Al (in column IIIA) has a valence of
+3; and sulfur, symbol S (in column VIA) has a valence of -2. Since the
positive and negative charges of the compound must be equal, it takes 2 alumi-
num atoms to react with 3 sulfur atoms. Thatis, 2x (+3) + 3 x (-2) = 0. The
compound formed has the formula Al,S5.

Since all the atoms of the elements in one column have the same number of
valence electrons, their chemical properties are similar and they constitute a
group or family. By using the periodic table, it is not necessary to learn the
chemical properties of each of the 103 elements, separately. We can study the
chemical properties of one element in each family. For example, sodium (Na)

is an active metal with a valence of +1, it forms ionic compounds, it is a base,
a good reducing agent, it is soft and has a low melting point, it reacts violently
with oxygen and with water, and it is too active to be found naturally in an
uncombined state. Since the atoms of the other elements found in column 1A
also have 1 electron in their valence orbit, they have similar chemical properties.
Thus, the elements of the first group are highly reactive metals, form ionic
compounds, are good reducing agents, and so forth. Let's consider another
example -- group VIIIA. All of the atoms in group VIIIA (except helium) have 8
electrons in their valence orbit, and so they are relatively nonreactive gases
and are not found in a combined state. Helium is included in this group because
even though it has only 2 electrons, its valence orbit is filled and so it is not
reactive,

Each row or line in the table is called a period. Since the element at the ex-
treme right of each line has a filled valence orbit, that is 8 electrons, the
element with the next atomic number begins a new period, and has an additional
orbit. The number of periods is therefore equal to the number of orbits, Going
from left to right across the periodic table, each additional electron is usually
added to the outermost orbit, but this is not always the case. In the 3rd, 4th,
and 5th periods, additional electrons can go into inner orbits as well. You will
note that in the table there is a gap between group II and group III, from the
third line down. The table is drawn this way because after there are 2 electrons
in the valence orbit, the next 10 electrons get put into the orbit underneath the
valence orbit. After these 10 electrons, additional electrons go into the valence
orbit until it is built up to 8; and then a new period is started. This is how
inner orbits are built yp to 18 electrons. The elements that fit into the gap in
the periodic table between groups II and III are called the transition elements.
The properties of the transition elements are slightly different irom those of the
atoms in the rest of the table. Notice that these elements are also grouped
together from I to VIII followed by the suffix B. The elements in each group
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followed by the suffix B resemble each other more closely than they resemble
the elements in the main group. Thus, the metals in group IB (copper, silvr-,
and gold) resemble one another more ¢’ ssely than they resemble the metals in
group A, This is due to the fact that .ae electrons in the next {nner orbit are
distributed in a similar manner. The groups followed by the suffix B are re-

ferred to as subgroups.

There are two other transition series: the rare earth elements, called the
lanthanides, and the heavy rare earth elements called the actinides. As the

periodic table shows, there are no groups for these two series.

3. Which of the following is a true statement?

a. [ Aluminum, (Al, atomic number 13) belongs
to the same group as silver, (Ag, atomic
number 47 ).

b. [J Potasstum, (K, atomic number 19) has the
same number of valence electrons as copper,

(Cu, atomic number 29).

c. [0 sodium, (Na, atomic number 3) and
magnesium, (Mg, atomic number 12)
belong to the same group.

d. [0 Heltum, (He, atomic number 2) and neon,
(Ne, atomic number 10) do not have the
same number of electrons in their valence

orbit.

4. According to the periodic table, tellurium, (Te, atomic number
52) has a greater atomic weight than fjodine, (I, atomic number
53). Which one of the following statements is the reason for this ?

a. [0 There is an error in the table.

b. [J Tellurium has more isotopes than lodine.

c. O The average atomic weight of the isotopes
of lodine is greater than the average atomic

weight of the isotopes of tellurium.

d. [0 The more abundant isotopes of tellurium
are heavier than the more abundant
{sotopes of iodine.
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5. By studying their positions on the periodic table, CHOOSE
the correct formula for a compound of lithium, (Li, atomic
number 3) and oxygen, (O, atomic number 8),

a. O Lo
b. O z2Lo0
O yo

O Lo,

6. The elements of which collection have simi lar chemical
properties ?

a. [ groups IA to VIIIA

b. subgroups IB to VIIIB

O
c. [J groupA pertods 1 to 7
O

d. period 4 - groups IA to VIIIA

In each group, going from top to bottom, the size of the atom increases

because of the increase in the number of orbits. For example, in column IA,
lithium (L{) is smaller than cesium (Cs); and in column VIIA, fluorine (F) is
smaller than fodine (I). The additional orbits are further away from the nucleus,
and so the electrons are at a higher energy level and are not held as tightly.
Therefore, the atoms of the elements at the bottom of column A have smaller
electronegativities than the atoms of the elements at the top of the column,

and the atoms of the elements at the top of column VIIA have greater electro-
negativities than the atoms of the elements at the bottom of the column.

To sum up, toward the upper right-hand corner are nonmetals that are more
electronegative and better oxidizing agents. Toward the lower left-hand comer
are the metals that are less electronegative and good reducing agents. Fluorine
(F), in row 2 column VIIA, is the most active nonmetal; while cesium (Cs),
row 6 column IA, is the most active metal.

Since the periodic table indicates relative electronegativities (in some charts,
numerical values for the electronegativities are given), one can predict the
nature of the bond of two reactive elements. If the two elements are in the
middle of the chart, the bond will be covalent and the compound will have the
properties expected of a covalent molecule. If the elements are at opposite
sides of the table, and the compound formed will probably be jonic. Elements
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ANSWERS:

3. d
4. d
5. ¢
6. ¢




such as chlorine (Cl) and sodium (Na) which are far apart form an fonic
compound; while elements such as sulfur (8) and carbon (C) which are close
together form a covalent compound,

7. CHECK the information that cannot be obtained from a periodic
table.

a. [0 the number of protons an atom has

b. [0 the number of isotopes an atom has

c. O the usual electron configuration of an atom
d. [I the type of bond an element would have a

tendency to form when reacting with another
element

Y 0




ANSWER:

TO SCORE THIS LESSON AS IF IT WERE A MASTERY TEST, SEE PAGE 86
OF TYE SAK.

WHEN YOU HAVE FINISHED THIS LESSON, WRITE DOWN THE TIME. THEN TAKE
THE LESSON TO YOUR INSTRUCTOR OR HIS ASSISTANT FOR CHECKING, WAIT
UNTIL THE LESSON IS APPROVED BEFORE GOING ON TO THE NEXT LESSON,
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In oxidation-reduction reactions, the substance that loses ®electrons is
oxidized and the substance that gains electrons is reduced. For example, in
the reaction; ¢

++

Cu+L—— Cu + 21

a copper atom loses 2 electrons and becomes a positive cupric fon. Each of
the atoms of the {odine molecule gains an electron and becomes a negative
fodide ion. In this reaction the copper is oxidized to cupric ions and the iodine
is reduced to ifodide ions.

The transfer of electrons between the copper and {odine is quite simple. A piece
of copper, as you may remember from our discussion of metallic bonding in a
previous lesson, is made up of copper atoms, copper {ons, and free electrons.
Thus, when fodine molecules come in contact with a plece of copper, each of
the atoms of the {odine molecules gains a free electron and becomes an iodide
fon. As the free electrons are taken up by the {fodine, the copper atoms lose
more free electrons, thus forming more copper fons. Also, some of the iodine
atoms react directly with the copper atoms by pulling electrons away from the
copper atoms when they collide. The reaction is complete when all of the copper
atoms have become copper ions and all of the atoms of the {odine molecules have
become {odide ions.

All metals have free electrons present, and so the electron gained by the fodine
does not even have to come from the copper. The electron could come from
another piece of metal, which is itself in contact with the copper. In this case,
the iodine gains an electron from the second metal which in turn gains an
electron from the copper. The copper can even be in a separate vessel. The
metal which dips into the lodine is called an electrode. An electrode that supplies
electrons to a substance has a negative charge and is called the cathode. An
electrode that takes electrons from a substance has a positive charge and is
called the anode. A little thought will convince you that oxidation takes place at
the anode and reduction takes place at the cathode. Also, since oppositely
charged particles attract one another, the positively charged cation moves to the
negative cathode, and the negatively charged anion goes to the anode.

1. In oxidation-reduction reactions, the substance that loses electrons:

a. [J 1s not affected by the reaction; the substance that gains
electrons is oxidized and reduced

b. [0 1s oxidized; the substance that gains electrons is reduced

c. [O ts reduced; the substance that gains electrons {s oxidized
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2. Which statement can be correctly made about the reaction between
copper {Cu) and chlorine (Cl,) as shown in the equation:

+ -
Cu+Cl—=cu'’ +2 ¢l

a. [J Each copper atom gains 2 electrons and becomes
a positive ion, while each atom of chlorine loses
an electron and becomes a negative ion.

b. [J Each copper atom loses 2 electrons and each
chlorine atom gains one electron.

O

The copper is reduced and the chlorine is oxidized.

d. [J The copper is unchanged by the reaction while the
chlcrine gains electrons.

3. In the oxidation-reduction reaction between copper and iodine,
the iodine is reduced as a result of gaining electrons from:

a. [ copper atoms and positive cupric ions
b. [O copper atoms only
c. [ positive copper ions

d. [J the free electrons in the copper and from
copper atoms




4, MATCH the follov/ing:

A. anode 1. _____ positively charged electrode
B. cathode 2. ______ negatively charged electrode
3. _____ supplies electrons
4, ______ takes electrons
5. _____ where oxidation takes place
6. _____ where redt{ctton takes place
5. anion
cation

CHOOSE one of the terms listed above and use it to COMPLETE the
sentences below:

An ion formed by the gain of electrons is called a(n) .

The ion with a positive charge is attracted to the negative electrode.
The {on is called a(n) .

The ion formed by the loss of electrons is attracted to the cathode.
This ion is known as a(n) .




ANSWERS:

b

b

d

1. A, 2. B, 3. B, 4, A, 5. A, 6. B
anion

catton

cation
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An arrangement in which the oxidizing agent and the reducing agent are
separated from each other is shown in Diagram A on Panel 2. Here, copper

is the reducing agent, in addition to acting as an electrode. When the two
electrodes are connected by a wire, electrons removed at the copper electrode
flow to the platinum electrode. At the copper electrode, the anode, the reaction:

++
Cu = Cu + 2 electrons

goes from left to right, supplying more electrons as fast as they flow out
through the wire. At the same time, the cupric ions which are formed go into
solution around the electrode. At the platinum cathode, the electrons flowing
in are picked up by the iodine in solution and the reaction:

12 + 2 electrons e——s 21

goes from left to right as fast as electrons flow in, The flow of electrical
charge through the wire is called the current; and the energy of the reaction
is called the potential or the voltage. The apparatus as a whole is called an
electrochemical cell.

A further examination of Diagram A shows two features we have not yet discussed,
the "salt bridge" and the solutions surrounding the two electrodes. The purpose
of the salt bridge is to keep the two ves-els electrically neutral. As electrons
flow out of the copper through the platinum and p-ss on to the iodine, the left-
hand vessel tends to become positively charged and the right-hand vessel,
negatively charged. Since electrons flow toward a positive charge and away
from a negative charge, unless the two vessels were neutralized somehow, the
current would stop almost as soon as it started. However, the solution in the
salt bridge keeps the current flowing. It contains positive and negative ions

in equal quantity. The positive ions flow toward the cathode and the negative
lons flow toward the anode, thus neutralizing the charge built up in the two
solutions by the transfer of electrons from Cu to I,. This neutralization of the
charges in the solutions allows the current to continue. If the salt bridge were
removed, the current would stop. The salt bridge is therefore said to complete
the circuit.

The electrodes must have a solution around them in order for the circuit to he
completed. These solutions must be electrolytic, that is, they must contain
ions which are free to move., In Diagrams A and B,copper sulfate, CuS0y, is
in solution in the left-hand compartment and iodine and potassium {odide,

Ki + 13, is in solution in the right-hand compartment. Although there are many
other electrolytic solutions, these electrolytes have been selected to illustrate
that this electrochemical process is a reversible reaction.
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As you have already learned, {onic compounds do not conduct electricity in
the solid state, but they do when they are melted or dissolved in certain
solvents. For electricity to be conducted, the charges must be able to move
in the direction of the current. In a solid, the {ons attract each other so
strongly that they cannot move. Melting increases the energy of the ions so
that they can move away from each other. Water, and solvents like water, do
not increase the energy of the ions at all, but they do decrease the forces of
attraction holding the ions in place. Such solvents, called polar solvents,
enable ions of the electrolytes dissolved in them to move and thus conduct
electricity. Even with the salt bridge, if there were no ions present {n the
solution surrounding the electrodes, the current would flow very slowly if

at all.

6. In an electrochemical cell, the flow of electrons:
a. [0 goes from the anode to the cathode

b. [J goes from the cathode to the anode

c. (O varies in direction unpredictably

7. The positive ions in the salt bridge migrate to the negative electrode
of an electrochemical cell and the negative jons migrate to the positive
electrode. These ions:

a. [ fincrease the positive charge built up on the anode only
b. [0 increase the negative charge built up on the cathode only

c. O 1increase the negative charge on the cathode and the
positive charge on the anode

d. O neutralize the negative charge on the cathode and the
positive charge on the anode

8. Ionic compounds conduct electricity when they are:
a. [0 dissolved in polar solvents only

b. [ etther dissolved in polar solvents or melted

[
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c. [ 1in the melted state only

d. (O 1inthe soli: state only
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9. When jonic compounds are dissolved in polar solvents:

a. O
b. O
c.
d. O

the energy of the ions is decreased
the energy of the ions is increased

the forces of attraction holding the ions
together are decreased

the forces of attraction holding the ions
together are increased

10. Electrolytic solutions:

a, O
b. O
c. O

contain ions which are closely bound
and are not free to move

contain ions which are free to move

do not conduct electricity and so
are used as insulation




ANSWERS:




If the two electrodes in Diagram A are connected by means of a wire,

current flows and Cu** is formed at the anode and I™ at the cathode. The
reaction is spontaneous, producing about 0.2 volts. The cell is now a
source of energy. It is a battery.

If the connecting wire is removed and another course of potential, whose
energy is greater than 0.2 volts, is connected in opposition to the cell shown
in the Diagram, the entire electrochemical process is reversed. See Diagram
B. Electrons no longer flow from the copper, out of the platinum, to the
fodine in solution. In the copper compartment, the copper ions now pick up
electrons at the negative electrode, or cathode, and are being deposited;
that is, as the copper ions gain electrons and become copper atoms they are
deposited at the cathode. At the positive platinum electrode, the anode,
fodide ions give up electrons and form iodine meclecules. The electrochemical
reaction ~>w occurring is electrolysis. This speciai case in which a metal

is deposited as a thin layer on top of another metal at the cathode is called
electroplating.

To sum up, in a battery, an electrochemical reaction is used to produce
energy; while, in electrolysis, energy from an outside source is used to
produce an electrochemical reaction,

In an electrolysis cell, the solution must contain the particular ions we wish
to deposit at the cathode; but in a battery cell there is a much wider choice of
electrolytes. In any case, the solutions must contain ions in order to conduct
electricity.

11. battery cell
electrolysis cell
negative electrode
positive electrode

CHOOSE a term from the list above to COMPLETE each of the
sentences bhelow:

An electrochemical cell vshich is used to produce energy is a(n)

Energy from an outside source is used to produce a reaction in an
electrochemical cell. The cell is a(n) .

In electroplating, metallic ions in solution gain electrons and are
deposited as atoms of metal at the .

Time completed
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ANSWERS:
11. Dbattery cell
electrolysis cell

negative electrode

WHEN YOU HAVE FINISHED THIS LESSON, WRITE DOWN THE TIME. THEN TAKE
THE LESSON TO YOUR INSTRUCTOR OR HIS ASSISTANT FOR CHECKING. WAIT

| UNTIL THE LESSON IS APPROVED BEFORE GOING ON TO THE NEXT LESSON.
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