Chap. 1-2
Chemical Bonding of Atom




Compounds, Ions, and Molecules

An element is a type of matter which is in its simplest form
composed of only one type of atom. A compound is a sample
of matter that contains two or more elements chemically
combined to form a new substance. There are two
fundamental types of compounds: ionic and molecular.

Ionic compounds are composed of positively and negatively
charged ions held together by electrostatic attractions casually
referred to as ‘ionic bonds.’

Molecular compounds are composed of molecules, which are
groups of atoms joined together by pairs of shared electrons.
Solid ionic compounds do not contain molecules. Instead,
because opposite charges attract one another, the ions stack
themselves in crystals such that positive ions are surrounded
by negative ions, and vice versa.



J\.

e
W

=

e e

{3

An ionic compound has
alternating positively and
negatively charged particles in
a pattern that extends in all
three dimensions.
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A molecular compound has discrete
groups of atoms joined together to
form molecules.




The Chemical Bond

A bond is the interaction between two or more atoms that allows them
to form a substance different from the independent atoms. This
interaction involves the outer electrons of the atoms. These electrons are
transferred from one atom to another or shared between them. Bonds
may be between atoms of different elements to make a compound, like
the two hydrogen atoms and one oxygen atom in a water molecule. But
bonds can also be between atoms of a single element. Bonds can be
interactions between a few atoms, as in a molecule of water or sulfur.
However, bonds may hold hundreds or thousands of atoms together to
form a large molecule like insulin or DNA.

There are three fundamental categories of bonds: ionic, covalent, and
metallic.

Ionic bonds : electrostatic attractions between oppositely charged
particles more properly referred to as ionic structure.

Covalent bonds : pairs of electrons that are shared more or less evenly
between two atoms.

Metallic bonds : loosely held outer electrons surrounding packed cations.
Metallic bonds are most important in understanding the properties of
pure metallic elements and in mixtures of metals (alloys) rather than in
compounds, so we will save the discussion of metallic bonds for later.
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Octet formulation

o The octet rule is a chemical rule of
thumb that states that atoms tend to H--H
combine in such a way that they each

have eight electrons in their valence SRR
shells, giving them the same electronic e
configuration as a noble gas. The rule is -
applicable to the main-group elements, T e
especially carbon, nitrogen, oxygen, and it te pa vea aae

the halogens, but also to metals such as .
sodium or magnesium. In simple terms, .C-
molecules or ions tend to be most stable

Cs s0s 0
when the outermost electron shells of ;
their constituent atoms contain eight G
electrons. ) ]
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Ionic Bonds

o Ionic compounds in the solid state are held together by electrostatic
attractions between opposite charges. Sodium chloride (table salt), silver
sulfide (silver tarnish), and hydrated iron (III) oxide (rust) are examples of
ionic compounds.

o In a compound like silver sulfide, the individual silver atoms have lost
electrons and the sulfur atoms have gained electrons. These ions interact to
form a solid compound because opposite ions attract one another. When a
silver spoon tarnishes, the silver atoms lose electrons to the sulfur atoms in
sulfur oxides in the air. This chemical process is called oxidation/reduction.
The same compound can also be formed if we mix an aqueous solution of
silver nitrate with an aqueous solution of sodium sulfide. This chemical
process is called metathesis. In both cases, silver sulfide ionic compound is
formed.

o Is there such thing as a silver sulfide molecule? The answer to this question
depends on who you ask. Most chemistry text books refer to the attractions
between oppositely charged ions as ‘ionic bonds’ yet qualify this as referring
to the forces that are involved in the formation of the overall three
dimensional structure of an ionic crystal. Certainly, there isn’t anything
similar to a molecule inside an ionic crystal.



Energy cﬁange 1n tﬁe 1onization process

o The formation of an ionic bond proceeds when the cation, whose
lonization energy is low, releases some of its electrons to achieve a
stable electron configuration. The anion, whose electron affinity is
positive, then accepts the electrons, again to attain a stable electron
configuration. Typically, the stable electron configuration is one of
the noble gases for elements in the s-block and the p-block, and
particular stable electron configurations for d-block and f-block

elements. The electrostatic attraction between these two entities
forms the ionic bond.
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The potential energy between ions

The coulombic potential energy between ions
Ae’
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As the ions close to each other,

the repulsion energy between electrons will be
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To calculate the total potential energy

The repulsion energy between ith and jth ions

be?
n (1'53)
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The coulombic potential energy between ith and jth ions
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The total potential energy at the origin ion due to jth ions
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The total potential energy at the origin ion due to all ions
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The Covalent Bond

Electronegativity and Bonding

Covalent bonds are pairs of electrons shared between two atoms in a
molecule. Pure covalent (also called non-polar) bonds are ones in
which both atoms share the electrons evenly. By evenly, we mean
that the electrons have an equal probability of being at a certain
radius from the nuclei of either atom. Polar covalent bonds are ones
in which the electrons have a higher probability of being in the
proximity of one of the atoms.

A pure covalent or non-polar bond has difference of about 0.5 or less
in the electronegativities of the two atoms. A pure covalent bond can
form between two atoms of the same element (such as in diatomic
oxygen molecule) or atoms of different elements that have similar
electronegativies (such as in the carbon and hydrogen atom in
methane). A polar covalent bond is a pair of electrons shared
between two atoms with significantly different electronegativities
(from about 0.5 to 2.0 difference). These bonds tend to form
between highly electronegative non-metals and other non-metals,
such as the bond between hydrogen and oxygen in water.



o In compounds that have elements with very different
electronegativities (greater than 2.0 difference), the
electrons can be considered to have been transferred to
form ions. We classify these compounds as being ionic.
In the gas phase, pairs of these ions have electron
densities similar to extremely polar bonds. This brings
up the philosophical question of whether or not there is a
fundamental difference between ionic and covalent
compounds on the very smallest level (one more time
we're asking if there is such a thing as a silver sulfide
molecule!). Many chemists prefer to call the attraction
between oppositely charged ions in an ionic crystal an
‘lonic structure’ and reserve the word ‘bond’ for shared
electrons. In that case, small clusters of gaseous ions
have pairs of shared electrons and can be thought of as
molecules, but solid ionic crystals do not.
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Quantum mechanical approach

For a electron in 1-dim. infinite potential box
Ep = 0 inside the box

The schrodinger equation
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The eigenfunction of schrodinger equation
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-o Illge energy elgenlvalues are

, K
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The total enerav of each notential well svstem
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o If the wells are enough close to each other and the
barrier is removed, as shown in Fig. 1-26, the system will
be one well with the width 2L.

Then, the energy eigenvalue for n=1 state will be

.
E =1 (1-76)
8m,(2L)*
And, if there are two electrons in that well, the total energy of the system
B2
E=2 : (1-77)
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By comparing eq. (1-75) and eq. (1-77), on the ground state,
the combined well system has 4 energy of that in the
separated well system. That is, if the ground state energy of
the double well system is , then that of the sir ‘E‘O‘ well with

twice width will be . E 0/4
Therefore, the total energy of the system will be 75% lower by
binding each other.

The energy diagram of the tsystems has shown in Fig. 1-27.
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o By the combining of the atoms, ‘the bonding molecular
orbital’ will be established as shown in fig. 1-26(b).

o For n=1 state, the wavefunction is symmetric molecular
orbital function, but for n=2 state, the wavefunction is
antisymmetric molecular orbital function
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- Consequently, when two atoms combined, the electrons of
each atom make the new molecular orbital for the ground
state of molecule.

- Fig. 1-28 shows the analogy between the energy levels of
interacting atoms and that of the combined pendulum.
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