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Elecrtonegativity

Electro negativity is a measure of the
relative ability of an atom in a molecule
to attract electrons to itself. These values
can be used to rate the reactivities of
metals and nometals and to make
predictions concerning the nature of the
bounding in a compound.

1§95 g s
So 3 ol S o Ul Ol 55839 2SI
 polie Gl el 095 4 (9 2SI Qi 61y J5SJge
5 DL 5 S 6l STy amlie slp Ol
B a pled LS5 50 g coale St
OtR 4

Bonding Molecular Orbital

A molecular orbital in which electron
density is high in the internuclear region.



The two electrons in a bonding
molecular orbital have lower energies
than they would if they were in the
atomic orbital from which the bonding
molecular orbital was desived.
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Bonding Pair Of Electrons

A pair of electrons used to from a
covalent bond between two atoms,
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Avogadro’s principle Equal volumes of
all gases at the same temperature and
pressure contain the same number of
molecules.
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Molecular Crystals.
Moleculs occupy positions in crystals of
covalent compounds. The intermolecular
forces hat hold the molecules in the
crystal structure are not nearly so strong
as the electrostatic forces that bold ionic
crystals together. Molecular crystals,
therefore, are soft and have low melting
points, usually below 300°C.
Indicators are weak acids or weak
bases. Since they are intensely colores,
only a few drops of a dilute solution of
an indicator need be employed in any
determination. Hence, the acidity of the
solution in question is not significantly
altered by the addition of the indicator.
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The common-ion effect is used to
repress the ionization of weak
electrolytes. The extent of the
dissociation of a weak acid or a weak
base in a solution is reduced if a
compound that contains an ion in
common with the weak electrolyte is
added to the solution.
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Industrial Uses of Hydrogen

The principal industrial uses of hydrogen

are
1. Production of ammonia from N, and

H, by the Haber process.

2. Production of hydrogen chloride from
Cly and Hy.

3. Synthesis of methyl alcohol from CO
and Hy,.

4. Refining of petroleum.

5. Hydrogenation of edible oils (corn.
Cotton seed, soy bean, peanut, and
others) to produce shortening and other
foods.

6. Reduction of oxide ores to produce
certain metals.

7. As a rocket fuel.



8. As a fule in oxyhydrogen welding,
atomic hydrogen wekding, annealing
furnaces, and electronic component
fabrication.
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Industrial Uses of Oxygen
Most of the commercial uses of oxygen
stem from its ability to support
combustion and sustain life, In many
applications, the use of oxygen or
oxygen-enriched air thereby lowers costs
and improves yields. The principal uses
of oxygen are:
1- Production steel.
2- Processing and fabrication of metals.
3- Production of oxygen-containing
compounds such as sodium peroxide and
organic compounds.
4- Oxidizer for rocket fuels.
5- The oxyacetylene torch.
6- Biological treatment of waste water.
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7- Life support in medicine, in air and
space travel, and in submarines.
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Periococity of the Elements
For chemists working with several
elements the periodic chart of the
elements is so indispensable that one is
apt to forget that, far from being divinely
inspires, it resulted from the hard work
of countless chemists. True, there is a
quantum-mechanical basis for the
periodicity of the elements, as we shall
see shortly. But the inspiration of such
scientists as Mendeleev and the
perspiration of a host of nineteenth-
century chemists provided the chemist
with the benefits of the periodic table
about half a century before the existence
of the electron was proved! The
confidence that Mendeleev had in his

13



chart and his predictions based on it
should make fascinating reading for any
chemist.
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Properties of lonic Substances

Several properties distinguish ionic
compounds from covalent compounds.
These may be related rather simply to
the crystal structure of ionic compounds,
namely, a lattic composed of positive
and negative ions in such a way that the
attractive forces between oppositely
charged ions are maximized and the
repulsive forces between ions of the
same charge are minimized. Before
discussing some of the possible
geometries, a few simple properties of
ionic compounds may be mentioned.
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1. lonic compounds tend to have very
low electrical conductivities as solids,
but cinduct electricity quite well when
molten. This conductivity is attributed to
the presence of ions, atoms charged
either positively or negatively, which are
free to move under the influence of an
electric field. In the solid, the ions are
bound tightly in the lattice and are not
free to migrate and carry electrical
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current. It should be noted that we have
no absolute proof of the existence of ions
in solid chloride, for example.

The fact that ions are found when
sodium chloride is melted or dissolved in
water does not prove that they existed in
the solid crystal. Jowever, their existence
in the solid is usually assumed, since the
properties of these materials may readily
be interpreted in terms of electrostatic
attractions.
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2. lonic compounds tend to have high
melting points. lonic bons usually are
quite strong and they are
omnidirectional. The second point is
quite important, since ignoring it could
lead one to conclude that ionic bonding

was much stronger than covalent
bonding-which is not the case. We shall
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see that substances containing strong,
multidirectional covalent bonds, such as
diamond, also have very high melting
points. The high melting point of sodium
chloride, for example, results from the
strong electerostatic attractions between
the sodium chloride, for example, results
from the strong electrostatic attractions
between the sodium cations and the
chloride anions.
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3. lonic compounds usually are very
hard but brittle substances. The hardness
of ionic substance follows naturally from

the argument presents above, except in
this case we are relating the multivalent
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attractions between the ions with
mechanical separation rather than
separation through thermal energy. The
tendency toward brittleness results from
the nature of ionic bonding If one can
apply sufficient force to displace the ions
slightly (e.g, the length of one-half of the
unit cell in NaCl), the formerly attractive
forces.
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4. lonic compounds are often soluble in
polar solvents with high permittivities
(dielectric constants) The energy of
intraction of two charged particles is
given by.
Occurrence of lonic Bonding
Simple ionic compounds from only
between very active metallic elements
and very active nometals, Two important
requisites are that the ionization to form
the cation and the electron affinity to
from the anion must be energetically
favorable. This does not mean that these
two reactions must be exothermic but
means, rather, that they must not cost too
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much energy, Thus the requirements for
ionic bonding are: (1) The atoms of one
element must be able to lose one or two
(rarely three) electrons without undue
energy input and (2) the atoms of the
other element must be able to accept one
or two electrons (almost never three)
without undue energy input. This
restricts ionic bonding to compounds
between the most active metals-Groups
IA, lIA, part of IIIA and some lower
oxidation states of the transition metals
(forming cations) — and thw most active
nonmetals-Groups VIIA, VIA, and
nitrogen (forming anions). All ionization
energies are endothermic, but for the
metals named above they are not
prophbitively so. Electron affinities are
exothermic only for the halogens but are
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not  excessively  endothermic  for
chalcogens and nitrogen.
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Potentiometric Methods
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The potential of an electrode is
determined by the concentration (or,
more correctly, the activity) of one or
more species in a solution. The
equipment required for a potentiometer
measyremsnt includes a reference
electrode, an indicator electrode and a

potential measuring device.
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Indicator Electrodes

Indicator electrodes for potentiometer

measurements are of two basic types,
namely, metallic and membrane. The
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latter are also referred to as specific or
selective ion electrodes.
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Inorganic Polarographic Analysis

The polarographic method is generally
applicable to the analysis of inorganic
substances. Most metallic cations, for
example, are reduced at the dropping
electrode to from a metal amalgam or on
ion of lower oxidation state. Even the
alkali-and alkaline-earth methods are
reducible, provided the supporting
elevtrolyte used does not decompose at
the high potentials required. The
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tetraalkyl ammonium halides serve this
function well.
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Properties of Electromagnetic
Radiation
Electromagnetic radiation is a type of

energy that is transmitted through space
at cnormous velocity. Many of the
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properties of electromagnetic radiation
are conveniently described by means of
a classical wave model that employs
such  parameters as  wavelength,
frequency, velocity, and amplitude. In
contrast to other wave phenomena, such
as sound, electromagnetic radiation
requires no supporting medium for its
transmission, thus, it readily passes
through a vacuum.

Phenomena  associated  with  the
absorption or emission of radiant energy
cannot be explained adequately by
treating radiation as waves, here, it is
necessary to view electromagnetic
radiation as a stream of discrete particles
of energy called photons with energies
that are particles and waves are not
mutually exclusive. Indeed, the duality is
found to apply to the behavior of streams
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of electrons and other elementary
particles as well and is rationalized by
wave mechanics.
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Wave Properties
For many purposes electromagnetic
radiation is conveniently treated as an
oscillating electrical forecc field in
space; associated with the electrical field
and right angles to ti is a magnetic force
field.
The electrical and magnetic fieds
associated with radiation are vector
guantities; at any instant, they can be
represented by an arrow whose kength is
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proportional to the magnitude of the
force and whose direction is parallel to
that of the force. A graphic
representation of a beam of radiation can
be obtained by plotting one of these
vector quantities as a function of time as
the radiation passes a fixed point in
space. Alternatively the vector can be
plotted as a function of distance, with
time held constant.
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The Microscopic World
At the center of an atom lies the nucleus.
Almost the whole of the mass of the
atom is concentrated there even though it
accounts for only a minute proportion of
the atom’s total volume. Around the
nucleus cluster the electrons. They
contribute very Kittle to the total mass of
the atom but occupy an sppreciable
volume, and are responsible for the
atom’s bulk.
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The Stetes of Matter
Casual inspection of the familiar word
indicates the existence of three states of
matter: solids, liquids, and gases. Closer
inspection shows that some solids can
exist in different crystal forms (e.g.
diamond and graphite)
The term phase is applied to each of

these different forms Then we can talk of
the solid, liquid, and gas phases of a
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substance, and also of its various solid
phases. In rare instances even the liquid
state of a material may be divided into
different phases with sharply distinct
properties.
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The solid state. Pure solids may exist as
crystals or as glasses. Fine amorphous
(‘formless’) dusts also coour but in many

cases these are nothing more than finely
ground crystals.
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The ordered structure of the solid may
not be wholly lost. In the case of water,
for example, the liquid can be pictured
as a collection of ice-like regions
separated by structureless zomes. These
structures are continuially forming and
dispersing, and at one moment a water
molecule may be in an ice-like
environment, and at another in a
structureless zone.
The gaseous state. The sord “gas” is
derived from “chaos” We picture a gas

35



as a swarm of molecules in constant,
chaotic motion. Each particle travels in a
straight line at high speed until it reaches
another, when it is deflected: or until it
collides with the wall of the vessel, when
it might ricochet back into the bulk or
stick until dislodged by the vibration of
the wall or the impact of another
molecule.
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Elements Of Chemical
Thermodynamics
Thermodynamics is the study of the
energy changes that accompany physical
and chemical changes. An important
aspect of the laws of chemical
thermodynamics is that they enable us to
predict whether a particular chemical
reaction is theoretically possible under a
given set of conditions. A reaction that
has a natural tendency to occur of its
own accord is said to be spontaneous.
Thermodynamic principles can also be
used to determine the extent of a
spontaneous reaction the position of
equilibrium.
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First Law of Thermodynamics
Many scientists of the late-eighteenth
and early-nineteenth centuries studied
the relationship between work and heat.
Thermodynamics had its origins in these
studies. By the 1840s it became clear
that.
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1. Work and jeat are both forms of a
larger classification called energy.

2. One form of energy can be converted
into another form.

3. Energy cannot be created or
desyroyed.

The first law of thermodynamics is the
law of conservation of energy: energy
can be converted from one form into
another but it cannot be created or
destroyed. In other words, the total
energy universe is a constant.

In applying thermodynamic concepts, we
frequently confine our attention to the
changes that occur within definite
boundaries. The portion of nature that is
included that occur within definite
boundaries is called a system. The
remainder is called the surroundings. A
mixture of chemical compounds, for
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example, can constitute a system. The
container and everything else around the
system make up what is called the
surroundings.
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Second Law of Thermodynamics
The first law of thermodynamics puts
only one restriction on chemical or
physical changes-energy must be
conserved. The first Law, however,

provides no Dbasis for determining
whether a proposed change will be

41



spontaneous. The second law of
thermodynamics establishes criteria for
making this important prediction.
The thermodynamic function entropy, S,
is central to the second law. Entropy
may be interpreted as a measure of the
randomness, or disorder, of a system. A
highly disordered system is said to have
a high entropy. Since a disordered
condition is more probable than an
ordered one, entropy may be regarded as
a probability function, One statement of
the second law of thermodynamics is:
every spontaneous change is
accompanied by an increase in entropy.
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Standared Free Energies
A standard free energy change, ehich is
given the symbol AG°, is the free-
energy change for a process at 1 atm in
which the reactants in their standard

states are convertes to the products in
their standard states. The value of AG°
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for a reaction can be derived from
standard free energies of formation in
the same way that AH° values can be
calculated from standard enthalpies of
formation. Tabulated data usually
consists of values measured at 25°C.

The standard free energy of formation of
a compound, AG°s, is defined as the

change in standard free energies when 1
mol of the compound is formed from its
constituent in their standard. According
to this definition, the standard free
energy of formation of any element in its
standard state is zero. The Value of AG°
for a reaction is equal to the sum of the
standard free energies of formation of
the products minus the sum of the
standard free energies of formation of
the reactants.
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Stereochemistry and
Stereoisomerisms
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The science of organic chemistry, we
said, is based on the relationship
between  molecular  structre  and
properties. That part of the science
which deals with structure in three
dimensions is called stereochemistry.
(Greek: stereos, solid).
One aspect of stereochemistry is
stereoisomerisms. Isomers, we recall, are
different compounds that have the same
molecular formula. The particular kind
of isomers that are different from each
other only in the way the atoms are
oriented in space (but are like one
another with respect to which atoms are
joined to which other atoms) are called
stereosiomerisms.
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Unsaturated Hydrocarbons
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The alkenes, which contain less
hydrogen, carbon for carbon, than the
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alkanes, and which can be converted into
alkanes by addition of hydrogen. The
alkenes were further described as being
obtaines from alkanes by loss of
hydrogen in the cracking process.
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Reactions of Alkenes
The characteristic feature of the alkene
structure, we have said, is the carbon-
carbon double bond. It ios thus the
functional group of alkenes and, as the
functional group, it determines the
characteristic reactions that alkenes

underoge.
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These reactions are two kinds. (a) First,
there are those that take place at the

double bond itself and on doing this
destroy the double bond.
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Alkynes

The carbon-carbon single bond is of low
reactivity its main function is to act as

the principal cement holding most
organic compounds together.
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The carbon-carbon double bond is
unsaturated and hence highly reactive
toward a wide variety of reagents, as a
substituebt it can exert remarkable
effects on the rest of the molecule.
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Determination of Structure:
Spectroscopic Methods
At every stage structure determination-
from the isolation and purification of the

unknown substance to its final
comparison with an authentic sample-the
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use of instruments has, since World War
Il. Revolutionized organic chemical
practice. Instruments not only help an
organic chemist to do what he does
faster but, more important, let him do
what could not be done at all before: to
analyze complicated mixtures of closely
related compoundsl to describe the
structure of molecules in detail never
imagined before; to detect, identify, and
measure the concentration of short-lived
intermediates whose very existence
wasm not so long ago, only speculation.
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The Mass Spectrum

In the mass spectrometer, molecules are
bombarded with a beam of energetic
electrons. The molecules are ionized and
broken up into many fragments, some of
which are positive ions. Each kind of ion
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has a particular ratio of mass to charge,
or m/e value. For most ions, the charge
is 1, so that m/e is simply the mass of the
ion.
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The Nuclear Magnetic Resonance
(NMR) Spectrum
Like electrons, the nuclei of certain
atoms are considered to spin. The
spinning of these charged particles-the

circukation of charge-generates a
magnetic moment along the axis of spin,
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so that these nuclei act like tiny bar
magnets. One such nucleus-and the one
we shall be mostly concerned with-is the
proton, the nucleus of ordinary
hydrogen, *H.
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Occu, rence and Composition of Fats
Biochemists have found it convenient to
define one of biomolecules, the lipids, as

substances, insoluble in water, thst can
be extracted from cells by organic
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splvents of low polarity like ether or
chloroform. This is a catch-all sort of
definition, and lipids include compounds
of many different kinds. Steroids for
example, and terpenes Of the lipids, we
shall take up only the fats and certain
closely related compounds. These are
not the only important lipidindeed every
compound in an organism seems to play
an important role, if only as an
unavoidable  waste product  of
metabolism-but they are the most
abundant.
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Carbohydrates

Introduction

In the leaf of a plant, the simple
compounds carbon dioxide and water are
combined to form the sugar (+) —
glucose. This process, known as
photosynthesis, requires catalysis by the
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green coloring matter chlorophyll, and
requires energy in the form of light.
Thousands of (+) —glucose molecules
can then be combined to form the much
larger molecules of cellulose, which
constitutes the supporting framework of
the plant. (+) —Glucose molecules can
also be combined in a somewhat
different way, to from the large
molecules of starch, which is then stored
in the seeds to serve as food for a new
growing plant.
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Definition and Classification
Carbohydrates are polyhdroxy
aldehydes, polyhdroxy Kketones, or
compounds that can be hydrolyzed to
them. A carbohydrate that cannot be
hydrolyzed to simpler compounds is
called a monosaccharide. A carbohydrate
that can be hydrate hat can be
hydrolyzed to many Monosaccharide
molecules is called a polysaccharide.
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Proteins
The name protein is taken from the
Greek proteios, which means first. This
name is well cjosen. Of all chemical
compounds, proteins must almost

certainly be ranked first, for they are the
substance of life.
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