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d. Classification of Mixed Matter. Matter that can be separated by physical
means is calied mixed matter and may be homogeneous or heterogeneous.

(1) Homogeneous mixtures. Mixtures which are uniform throughout are
called homogeneous. An exampile would be a solution of sugar in water. Any smal! part
of this solution would exhibit the same properties as any other smail part, thus it
would be uniform throughout the mixture,

(2) Heterogeneous mixtures. Mixtures which are not uniform are calied
heterogeneous. A good example is a2 mixture of water and oil. If a smail sampie is
taken, it may not be the same as another smail sample taken from eisswhere in the
mixture. This is because oil and water do not mix welf and give a nonuniform mixture.

4. ENERGY

There are many things in our surroundings which we know exist, yet which are
not matter. They are forms of energy. Heat, light, and electrigity are exampies of
energy. Energy may be simply defined as the ability to do work or overcome
resistance.

§. ATOMIC STRUCTURE

Early scientists felt that all matter must be built from some basic unit, just as a
wail may be constructed from a basic unit, the brick. In trying to find this basic unit,
they separated matter by all the methods (chemical and physical) available to them
until they could not separate it any further. They feit this separation must result in the
building block of matter, which they called the atom (from the Greek word for
indivisible). They aiso observed that the besic units or atoms for various elements
differed in their properties, as iron was certainly different from carbon. This led them
® try o find the structure of the atom. The difficuity of this probiem can be seen
when you consider that one cubic centimeter of gold contains as many as
$8,000,000,000,000,000,000,000 atoms. The atom is so small that it defies
conception. Through ingenious methods, particularly in the {ast 100 years, we have
discovered many facts about this tiny particie which enables us to understand many of
the changes that occur around us.
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3. Atomic Model. in order for us to picture what an atom looks iike, we can
use a description with which most people are familiar, the solar system model. In this
modei, the atom is thought of as a tiny sofar system in which there is a central core
{like the sun) with other particles traveling in circular paths or orbits (like the planets).
While more complex and exact models have been developed, this is the best
approximation for general use.

b. The Nucleus. The central core from the solar system -mode! is called the
nucieus {which is derived from the Latin word nucis meaning nut or kemel}. The
nucleus contains two types of particles, the proton and the neutron.

{1) The proton. The proton is a particle which has a mass (or weight} of
one amu (atomic mass unit) and a positive one (+1) electrical charge. The symbol for
the proton is p, p+, or H¥,

(2) The neutron. The neutron has a mass of one amu {atomic mass unit)
but has no electrical charge; that is, it is a neutral particie. in an atom which has more
than one proton, the positive charges tend to repel each other. The neutrons serve to
bind the protons so that this electrical repulsion does not cause them to fly off into
space. The symbol for the neutron isn.

{3) Atomic number and atomic weight. Two important figures commonly
used when discussing an atom are its atomic number and its atomic weight.

{a} Atomic number. The atomic number of an atom is equal to the
number of protons in the nucleus of the atom. For exampie, a carbon atom has six
protons in its nucleus; therefore, tife atomic number of carbon is 6.

{b) Atomic weight. The atomic weight of an atom is equal to the
number of protons in the nucleus of the atom {one amu each) plus the number of
neutrons in the nucleus of the atom (one amu each). Therefore a carbon atomn with six
protons and six neutrons has an atomic weight of 12.

¢ The Outer Structure. The particles which orbit the nucleus (as the planets
orbit the sun) are called electrons. These particles have an electrical charge of negative
one (—1), but their mass is so small that it is considered to be zero. Actually, the mass
of the electron is 1/1837 of the mass of a proton, but the mass which it contributes to
the atom is so smali that it is not important. The symbol for the electron ise= or —.

(1) E&lectron configuration. Since we may have many electrons going
around the nucleus, it might appear that there could be a collision of electrons.
Collisions do not occur because the electrons are iocated in orbits which are different
distances from the nucleus and because of the repuision between like charges. The
number of electrons and their locations are cailed the electron configuration. This
electron configuration is different for each element.



{2) Electron shefl. The term eiectron shell (or energy level) describes where
electrons are located; i.e., a specific region around the nucieus. Since electrons can be
forced to leave their atoms, the term energy level indicates the amount of energy
required to remove the electrons from the various ievels or shells. A nucleus can have
seven shells, but most chemicals of pharmaceutical importance contain electrons in the
first four, which are labeled the K, L, M, and N shells. The K shell is the closest to the
nucleus and the N shell is the farthest from the nucleus {fig. 1). These shells contain
different numbers of electrons. The maximum number each shell can hold is equal to
2n2, where n is the number of the shell (K =1, L =2, M = 3, etc.). Thus the maximum
number of electrons that each of the first four shelis can hold are:

K=2(1)2=2
L=2(2)2=8
M=2(3)2=18
N=2(4)2=32

Since, for example, the M shell can contain as many as 18 electrons, the possibility for
collision might still appear to exist. The reason collisions do not occur is that a shell is
subdivided into smaller energy levels, called subshells and orbitals, which we will not
need to consider.

N Shel!

M Shell

L Shell

K Sheli

Figure 1. First four electron shells.

(3} Number of electrons. What determines the number of electrons an atom
will contain? For an atom to exist freely in nature, it must be electrically neutral
(without a charge). There are two particies in an atom which have charges, the proton
which is positive, and the electron which is negative. For electrical neutrality, the sum
of the charges must be zero. In other words, the number of electrons {negative charges)
must equa) the number of protons {positive charges).
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d. Atomic Structure of Elements. As previously stated, each element consists of
a single type of atom. Since 2!l atoms consist of the three basic particles we have just
discussed (except hydrogen, which usually has no neutrons), the only ways in which
elements can differ are atomic number (the number of protons) and atomic weight,
{the number of protons and neutrons). There are 106 different elements which
scientists know to have a different atomic number and atomic weight. These elements
have a large” assortment of properties. Two elements are liquids at room temperature,
eleven are gases, and all others are solids.

e. Periodic Law. While investigating the properties of the elements, scientists
discovered an interesting fact which is now called the periodic law. This law states that
the properties of the elements are periodic functions of the atomic number. As the
atomic number increases, the properties of the elements repeat themselves at regular
intervals.

f.  Periodic Table. The periodic faw allowed the scientists to-group together the
elements that had similar properties and form a systematic table of the elements. This
table is the periodic table (table 2). The vertical columns are called groups, and the
horizontal rows are called periods. This table contains a lot of information which we
will not generally use; however, we are concemed with the basic information we can
obtain about the elements. Figure 2 includes four blocks for elements from the
periodic table showing the information which can be obtained from it. You should
note that the number of neutrons is not given in the periodic table. This can be
determined by subtracting the atomic number from the atomic weight.

g Isotopes. Ali the atoms of _a particular element are not identical. Slight
variations in the number of neutrons are found to occur naturally and can also be
produced in reactors. Atoms that have the same number of protons but a different
number of neutrons (same atomic number, but different atomic weights) are called
isotopes. Sometimes, isotopes are referred to by their mass numbers, HZ, H3, U239,
etc. All of the isotopes of a particular element have identical electronic configurations;
and since electronic configurations determine chemical properties, isotopes of an
element exhibit identical chemical behavior. Induced nuclear reactions can produce
both stable and radiocactive nuclei. If the nucleus of the atom is unbalanced during the
bombardment reaction, the atom is called a radicisotope. Radioisotopes, such as
cobait®O for treatment of cancer and iodine 3! for diagnosing of thyroid tumors, are
of vital importance in the medical field. The presence of isotopes helps 10 explain why
many atomic weights in the periodic tabie are not whole numbers since all of the
isotopes must be considered when computing the average atomic weight of the
element.

& VALENCE AND CHEMICAL BONDING
We have now developed the concept that matter was built from a basic unit called
the atom and discussed the nature of the atom. We know, however, that very little

matter- exists as free elements. Most of the things around us are combinations of
elements. Logically, the next step is 1o consider how things combine.
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LIGHT METALS
A
e
IA IA ¢————— Group
2 3 2 4 ¢ :l\l\tombi;:r
Atomic Symbol | 1 R um
for Lithium ) Ll Be
6.939 9.0122
L Shell (8 Electrons) 8 8
M Shell {1 Electron) 1 2 M
Na., g
22.9898 24.312 4— Atomic
Weight

Figure 2. Identifying the components of the periodic table.

a.  Valence. The valence of an element can be defined as a measure of its
combining power or the number of electrons an atom must gain, lose, or share to have
a full or stable outer eiectron shell. The reason atoms combine is contained in this
definition. There are certain eiectron configurations in nature that are unusually stable
{unreactive). The elements that have these configurations are in Group Vill A of the
periodic table. They are sometimes referred to as the inert or noble gases because they
are found in very few combinations in nature. Other elements, by gaining, losing, or
sharing electrons, can try to make their outer electron shells resemble the shelis of the
noble gases and hence become very stable. We can see how this works by considering
the two simplest elements, hydrogen and helium. Hydrogen has one electron in the K
shell since it has only one proton; therefore, hydrogen is a very reactive element,
occurring naturally in many compounds. Helium, a nobie gas, has two electrons in the
K shell since it has two protons. Helium is very unreactive. Note that heiium, by having
two electrons, has a completed outer shell, since the K shell can hoid only two
electrons. Hydrogen would like to be as stabile as helium and could be if it could gain
or share one more electron to give it a completed outer sheil. Hydrogen seeks this
electron in nature by combining with other elements.

b. Octet Rule. If you examine the noble gases, you will see
that not all have a completed (full) electron shell like helium. Ex-
cept for helium, the noble gases have eight electrons in their outer
shell, yet they are still very stable. Chemists have observed that
other elements sometimes gain, lose, or share electrons in order to
have eight electrons in their outer shell. This observation led to

the development of the octet rule, which states that outer electron
n
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shells prefer to have eight electrons even though the shell may not
Be fuil. {Octet means a group of eight.) Beiow are some examples
of the electron configurations for various elements which indicats
to us how many electrons they can gain, lose, or share to fit tne
octet rule or have a completed outer shell.

ATOMIC SHELLS
ELEMENT NUMEBER K{2) L{8) M{18) N(32})-
H 1 1
He 2 2
Li 3 2 1
Be 4 2 2
Na 11 2 8 1
K 19 2 8 8 1

c. Pusitive Valencs. An atom that must give up electrons to become stable will
have more protons than electrons in its stable configuration and will not be eiectricaliy
neutral. It will be positive since there are more positive charges than negative charges.
This is indicated by a + sign. The number of electrons it gives up is the numerical value
of its valence. Consider, for example, the element sodium which has 11 protons and 11
electrons in its free state. it has one electron in the M shell which it loses easily to
become stable. After it loses the electron, it will have a positive one charge and its
valence will be +1.

20— 8e— e~ e~ Sg“
—
K L M K L
Sodium (free state) Sodium (+1 vaience state)

d. Negative Valencs. An atom that must gain electrons to become stable will
have more electrons than protons in its stable configuration and will not be elsctrically
neutral. It will be negative s.inee there are more negative than positive charges. This is
indicated by a — sign. The number of electrons it gains is the numerical value of its
waience. Consider, for example, the element_chiorine which has 17 protons and 17
electrons in its free state. It is-one electron short of fitting the octet rule in the M shell
as that shell contains 7 electrons. After it gains the electron, it will have a negative one
charge and its valence will be =1,

12
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e~ Be— e~ 2e— 8e™ Be—
—
L M K L M
Chiorine (free state) Chlorine (—1 valence state)

e. Important Symbols and Valences. Since it is very tedious to continually
write complete names for elements, chemists developed the symbois for the elements
which you observed on the periodic table. it will not be necessary for you to know all
the symbols for your work but a number of them appear frequently enough that they
should be memorized. Table 3 lists important elements with their symbols and
valences. These should be committed to memory. (Please note that most, but not all,
valences conform either to the completed shell or octet ruies.)

f. lons. Any atom that gains or loses electrons becomes charged (electrical
charge) and is cailed an ion. An /on can be defined as any charged atom or group of
atoms. if the ion is positively charged, it is called a cation. If it is negatively charged, it
is called an anion. A group of atoms that has a charge and goes through a reaction
unchanged is called 3 radica/. Whenever we write the symbol for an eiement and wish
t©o ‘iadicate it is an ion, we write the charge as a superscript to the symbol, e.g., Ct—1 or
Na™!i,

g. Chemical Bonding. When elemerits combine to form chemical compounds,
the eiectrons in the outer shell may be transferred from one atom to another or there
mey be a mutual sharing of the electrons. In either case, a chemical bond is produced.
This means the two atoms do not travel or react independently of one another but are
heid together by the exchange or sharing of the electrons. Both atoms involved in the
reaction attain a completed outer orbit, and stability resuits. There are three types of
chemical bonds—electrovaient, covalent, and coordinate covalent.

(1) Electrovalent (ionic) bonding. A transfer of one electron from one
atom to another resulting in opposite charges on the two atoms which hoids them
together by electrostatic {opposite charges sttract) attraction is called an electrovalent
or ionic bond. A good example of this is the bond formed between a Na {sodium) and
a Cl (chiorine) atom.

°60 ° + °°°c-
Nae. + Og ° Na .9‘0
1e” in M shell 7e in M shell Sodium has a complete outer shel! and

a charge of +1. Chiarine has met the
octet rule in the M shell and has a

charge of =1,

13



GR 26-280-~241

043

NAME SYMBOL VALENCE
Acetate C2H302 -1

Aluminum Al +3
Ammonium NHg +1

Antimony Sb -3, 13, +5
Arsenic As 3,43, +5
Barium Ba +2
Bicarbonate HCOg3 -1

Bismuth Bi +3,+5
Bromine Br =1, +1, 43, 45, +7
Caicium Ca +2

Carbon C +2,+4, 4
Carbonate CO3 -2

Chiorine Cl <1, +1,43, 45, +7
Copper Cu 1, #2,
Fluorine F -1

Goid Au +1, 43
Hydrogen H +1

Hydroxide {Hydroxyl) OH -1
Iodine I =1, #1,43,+5,+7
lron Fe 2,13

Lead Pb +2, +4
Lithium Li +1
Magnesium Mg +2
Manganese ‘Mn +2, +3, +4, 46, +7
Mercury Hg +1,+2

Nickel Ni +2, 43
Nitrate NO3 -1

Nitrogen N +1,:3,43, 45
Oxygen (o} 2
Permanganate MnOgq -1

Phosphate POg4 -3
Phosphorus P 3,+43,+5
Potassium K +1

Silver Ag +1

Sodium Na +1

Strontium Sr +2

Suifate SO4 -2

Sulfur S 2,42, +4_+6
Zinc Zn +2

NOTE: The most common vaiences are underiined where there may be more than

one valence.

Table 3. Vaiences.

14
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(2) Cowslent bond. If two atoms each donate an electron which is shared
with the other atom, the bond is a covalent bond. An example of this is the bond
between two H (hydrogen) atoms. Double and tripie covalent bonds are aiso possible.

He + OH HOH
Both atoms have le”in By sharing their electrons each hydrogen
the K shell. has 2e~ in the K shell and both are stable

because of the compieted sheil.

(3} Coordinate covalent bond. If one atom donates two electrons for
sharing with another atom ({which donates no electrons), it is called a coordinate
covalent bond. An example of this type of bond is the bond between N (nitrogen) in
ammonia and a hydrogen ion (proton).

W+

[ X ] o
HONSH + HY —m> HONEH

Oe ce
~H H
Ammonia—-N  H* hasan By sharing the two e— ,H* has .a
has a complete  empty K completed K shell and N still has a
outer shell shell completed outer shell.

7. FORMULA WRITING

a. Fommulas. Formulas are combinations of symbols that represent a
compound. A formula indicates which elements are involved and the number of atoms
of each element contained in the compeund. In writing formuias, we use subscripts,
coefficients, and parentheses in addition to the symbols of the elements. Subscripts
indicate the number of atoms of an element, as in Hy where 2 is the subscript meaning
two hydrogen atoms. If there is no subscript with a symbol, it is assumed there is only
one atom of that element. Coefficients, numbers in front of the formula, indicate the
number of molecules of compound, as in 4HCI where 4 is the coefficient indicating 4
molecules of HCl. Parentheses are used to separate a radical from the rest of the
formula when it would be confusing not to do so. In HNO3 it is not necessary to
include parentheses for the NO3™ radical since there is little chance for confusion.
However, we use parentheses for the same radical if it appears in a compound such as
Hg{NO3)4 where the 2 indicates that we have two NO3™ radicals.

b. Steps in Formuia Writing. {n writing formulas for compounds, there are four
steps which should be followed.

(1) Determine the symbois for the elements in a compound.
(2) Determine the valence of each of the atoms or radicais.

(3) Write the positive element’s symbol first, followed by that of the
negative element.

15
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(4) Make the compound electrically neutral by placing subscripts.
¢ Example. Write the formula for caicium chiorice.

(1) Caleium = Ca, chioride = Cl.

(2) Cavalence is +2, Cl valence is —1.

(3) Ca*2Ci—1. If we add the charges, we find that this compound is not
neutral (+2 = 1 = +1). Therefore, we must proceed to step (4).

(4) To have two negative charges to balance the two positive charges, we
must have two Ct—1 ions (—1 x 2 = —2). Thus, the formula would be CaCl.

d Rule of Crossing Valencss. A convenient rule for determining what
subscripts are necessary in writing formulas is the rule of crossing valences. This rule
states that one can take the valence ot the element at the left and make it the subscript
of the element at the right, and in like manner take the valence of the element at the
right and make it the subscript of the element at the left. For example:

Fe *3, SO42 becomes Feo(SO4)3

Lt -
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