CHEMICAL BONDING

After completing this lesson, the student will be able to:
« Describe noble gas electronic configuration, octet and duplit rules help predict chemical properties of
main group elements.
Compare between the formation of cations and anions.
Account for the electropositive and electronegative nature of metals.
Define ionic, covalent, coordinate covalent and metallic bonds.
Differentiate between ionic compounds and covalent compounds. (the following points to be included in

the respective definitions: a. lonic bond as strong electrostatic attraction between oppositely charged
fons. b. Covalent bond as strong electrostatic attraction between shared electrons and two nuclei. C.
Metallic bonds as strong electrostatic attraction between cloud/sea of delocalized electrons and

positively charged cations.
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* Explain the properties of compounds in terms of bonding and structure.

* Compare properties and use of materials such as strength and conductivity as determined by the type of
chemical bond present between their atoms.

* [nterpret the strength of forces of attraction and their impact on melting and boiling points of ionic and
covalent compounds.

= Justify the availability of free charged particles (electrons or ions) for conduction of electricity in fonic
compounds (solid and molten) covalent compounds and metallic bonds.

* Recognize some substances can ionize when dissolved in water (e.g. acids dissolve in water and conduct
electricity).

* Justify the suitability of usage of graphite, diamond and metals for industrial purposes (some example
may include; a. graphite as lubricant or an electrode. b. diamond in cutting tools. c. metals for wires,
and sheets).

» Draw the structure of ionic and covalent compounds along with their formation. (some examples may
include: a. ionic bonds in binary compounds such as NaBr, NaF, CaCl,, using dot-and-cross diagrams and
Lewis-dot structures. b. simple molecules including H,, Cl,, 0,, N,, H,0, CH,, NH,, HCI, CH,0H, CH,, CO,,
HCN, and similar molecules using dot-and-cross diagrams and Lewis -structures.

\ J
INTRODUCTION

All the matter in this world is composed of almost entirely compounds and their mixtures. Human,
animal and plant bodies, rocks, soil, petroleum, coal etc. are all complex mixtures of compounds.
In compounds different kinds of atom are bounded together. Few elements also consist of
unbounded atoms. For instance, helium, neon, argon, xenon and krypton present in the
atmosphere consist of unbounded atoms. The manner in which various atoms are bonded
together has a profound effect on the properties of substances.

Some substances are hard and tough, others are soft and flexible why ? Resins are widely used to
paint dams, bridges, buildings and automobiles. What makes them sticky ? How do adhesives
such as glue bind two surfaces together ? What is the nature of such linkages ? The answer lies in
the nature of bonding and structure of their molecules. Therefore, to understand the behaviour
of various substances, you must understand the nature of chemical bonding and structure of
molecules.

5.1 WHY DO ATOMS REACT?

There are eight groups of normal elements (lA, lIA, IlIA, IVA, VA, VIA VIIA VIIIA) in the periodic
table. Group VIIIA consist of the noble gases or zero group elements because they are all very
stable and chemically inert under ordinary condition. They exist in atomic form in the
atmosphere. They have general electronic configuration = ns’, np® (8 electrons in valence shell)
except He (1s’). These noble gases have completely filled valence shells (s and p subshells). Their
octet is complete, so they do not participate in ordinary chemical reactions and are called inert
gases. They have eight electrons in their valence shell, except He, which has two electrons in its
valence shell.

He=1s’
Ne = 1s’, 2s°, 2p°
JAr= 1s’, 2¢°, 2p°, 3¢,3p*
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In 1916 a chemist G. N. Lewis used the concept of octet (eight electrons) and duplet (2 electrons)
electronic rule to explain the reactivity and stability of molecules.

Octet Rule

The octet rule states that an atom is most stable when its valence shell contains eight electrons.
This principle is derived from the observation that atoms of the major group elements tend to
participate in chemical bonding in the form of eight electrons per atom in the resulting molecule.
This rule only applies to the major group element. The chemical behaviour of the main group
elements can be predicted with the help of the octet rule. This is because the rule only involves s
and p electrons. Molecules such as oxygen, nitrogen, and halogens follow the octet principle.
Hydrogen, helium, and lithium follow the duplet rule because their electrons lie in s orbital.

.Na= 1s’, 2s’, sp6, 3s' (unstable, reactive, incomplete octet) Loss of one electron
Na'= 1s’, 25°, 2p* which is same as that of Ne

,Cl=1s%, 28, 2p*, 3¢, 3p’ (unstable, reactive, incomplete octet) ,,Cl'= 15*, 2%, 2p°, 3s%, 3p* which is
same as that of LAr

Duplet rule

The tendency of atoms to acquire two electronic configuration in their outermost shell during
bond formation is called duplet rule. They attain electronic configuration like helium.

For Example
\Li=1s*, 2s' lose 1 electron to form Li" (1s)
Be= 1s’, 25’ loses two electrons to form Be™ (1s’)
Helium has two electrons in its valence shell and is also chemically inert. Some elements that are
close to He on the periodic table tend to achieve two electronic configuration in their valence

shell. For example, hydrogen, lithium and beryllium etc. tend to achieve two electron
configuration in the valence shell.

5.2 CHEMICAL BONDS

Atoms combine to form various types of substances. But what holds them together?
Fundamentally, some forces of attraction hold atoms together in substances. These forces are
called chemical bonds. Basically the forces of attraction that lead to chemical bonding between
atoms are electrical in nature. Electronic structure of an atom helps us to understand how atoms
are held together to form substances. Atoms other than the noble gases have a tendency to react
with other elements. These elements are reactive because they tend to gain stability by loosing
or gaining electrons. When atoms gain or lose electron they acquire the configuration of next
noble gas element. The tendency of metal atoms to lose electrons is called electropositivity.
Where as the tendency of non-metal atoms to gain electrons is called electronegativity. So,
metals are electropositive and non-metals are electronegative elements.

Atoms can also acquire the configuration of next noble gas element by sharing electrons.
Electropositive and Electronegative Elements

Metals are electropositive in nature because all metal atoms lose electrons from their outermost
shell in order to become stable and become positively charged. They have low ionization energy

.
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and low electronegativity allowing them to easily lose electrons. Therefore, they can form
positive ions by losing electrons.
Example: Na — Na' +e-
Mg — Mg +2e

Non-metals are electronegative in nature because all non-metals gain electrons in order to
become stable and hence become negatively charged. They have high electronegativity and
have high electron affinity. So they can easily form negative ions by gaining electrons. For
example:

R R
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3.3 TYPESOF BONDS

Depenﬂing on the tendency of an atom to lose or gain or share electrons, there are two types of
bonds:

: 8 lonic bonds
2. Covalent bonds

5.3.1 lonic Bonds

lonic bonds are formed between two atoms, when one atom loses electron to form cation and
the other atom gains this electron to form anion.

‘Example 5.1: Describing the formation of cations

Describe the formation of Na* and Mg" cations.
Problem Solving Strategy:

1. Sodium belongs to Group IA on the periodic table. It has only one electron in the valence
shell. The sodium atom loses its valence electron and is left with an octet. Represent this
by drawing the complete electronic configuration or using an electron dot structure.

y 5 Magnesium belongs to Group IIA in the
periodic table. It has two valence i
electrons. A magnesium atom loses these
electrons to achieve noble gas ° T @ e
configuration. Represent this by drawing :
the complete electronic configuration or

using an electron dot structure. This
number also corresponds to the Group number in the periodic table.

Solution:
(a) Formation of Na' ion 2
Na(1s2252p°3s') —=5Na* (1s72522p")

You can also represent this by following electron
dot structure,




(b)  Formation of Mg”ion
Mg (15252p°352)— 2, Mg? (1s*25°2p")

You can also represent this by electron dot structure,

CONCEPT ASSESSMENT EXERCISE 5.1

1. Describe the formation of cations for the following metal atoms:
(a) Li(atomicno 3)
(b)  Al(atomicno. 13)

y Represent the formation of cations for the following metal atoms using electron dot
structures.

@ K (® Ca J

"

Example 5.2: Describing the formation of anions.

Describe the formation of anions for the following non-metal atoms:
(a) Oxygen(atomic no.8) (b) Fluorine (atomic no. 9)
Problem Solving Strategy:
; 10 Write electronic configuration or dot structure.
2. Find the number of electrons needed to acquire eight electron configuration.
3 Represent addition of electrons.

Solution:
(a) Formation of anion by oxygen atom.
Oxygen belongs to Group VIA on the periodic table. So it has six electrons in its valence
shell. It needs two electrons to achieve noble gas configuration.
s0(1522522p* 4 26 —— 0% (15?25?2p°)
e ——
octet

You can also represent this by electron dot

structure, it 1?
(a) Formation of anion by fluorine atom @ + 99 NS
Fluorine belongs to Group VIIA on the

periodic table. So it has seven electrons in
the valence shell. A fluorine atom therefore,

requires only one electron to complete
octet. T e
L

oF(1s*2s?2p’)+e——F~ (1s*2s?2p°®) i
"_V_"-'
octet
You can also represent this by electron dot structure,
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| CONCEPT ASSESSMENT EXERCISE 5.2

T Describe the formation of anions by the following non-metals.
(a) Sulphur (atomic No. 16) (b) Chlorine(atomic No. 17)
v 5 Represent the formation of anions by the following non-metals using electron dot

structures.
(a) N (b) P (c) Br (d H
E. Compare differences between the formation of cations and anions. 7,

Anions and cations have opposite charges. They attract one another by strong electrostatic
forces. “An ionic bond is a strong electrostatic attraction between positively charged metal
fons and negatively charged non-metal ions”. Compounds that consist of ions joined by
electrostatic forces are called ionic compounds. The total positive charge of the cations must be
equal to the total negative charge of the anions. This is because ionic compounds are electrically
neutral as a whole.

Example 5.3: Representing ionic bond formation.

For each of the following pairs of atoms, use electron dot & electron cross structures to write
- the equation for the formation of ionic compound.

(a) Na and Cl (b) MgandF

Problem Solving Strategy:
1. The metal atoms form cations and non-metal atoms form anions.

2. The number of electrons lost by metal atoms of group IA, IIA and |lIA equals the group
number.

3. To write the final form of the equation, you need to know the simplest ratio of
cations to anions that you require for the neutral compound.

4, Write equation using electron dot and electron cross structures.
Solution:
(a) Na is metal and Cl is non-metal.

Metal atom tends to lose electrons and non - metal atoms tends to gain electrons to
acquire electronic configuration of nearest noble gas. Since a Na atom has one electron
in the outer most shell. It losses one electron to form Na“ ion. Since a Cl atom has seven
electrons in outermost shell, it needs one electron to complete octet. So it gains one
electron to form Clion. For every Na'ion, you need one Clion.

50

2Na + Cl, ——> 2NaCl (Sodium Chloride)
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(b)  Mgismetal andFis non-metal.

A Mg atom has two electrons in the outermost shell. It losses two electrons to form Mg™
ion. Since a F atom has seven electrons in the outermost shell, so it gains one electron to
form Fion.

D6 @

Mg + F, —> MgF, (Magnesium Fluoride)
For every Mg ion you need two Fions.

CONCEPT ASSESSMENT EXERCISE 5.3

For each of the following pairs of atoms, use electron dot and electron cross structures to write
the equation for the formation of ionic compound.

(a) Mgand 0 (b) AlandCl

Example 5.4: Recognizing a compound as having ionic bonds.

Recognize the following compounds as having ionic bonds.

(a) MgO (b) NaF

Problem Solving Strategy:

The metal atom loses electrons to form cations and non-metal atom gains electrons to
form anions.

2. The number of electrons lost by metal atoms of group IA, 1lA and IlIA equals the group
number. The number of electrons gained by the non-metal atoms is equal to 8 minus
group number.

3. Find the simplest ratio of cations to anions, to identify the compound.

Solution:

(@) MmgO
' Mg is metal and O is non-metal. A Mg atom has two electrons in outermost shell. So it
loses two electrons to form Mg ion. Since an O atom has six electrons in outermost shell,
so it gains two electrons to form O ion. In this way both the atoms acquire nearest noble
gas configuration. For every Mg™ ion you need one O™ ion. Chemical formula of resulting
compound is MgO. Therefore MgO is an ionic compound.

(b) Na is metal and F is non-metal. A Na atom has one electron in outmost shell. So it loses
one electron to form Na’ ion. Since a F atom has seven electrons in outermost shell, so it
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gains one electron to form F ion. Na atom by losing one electron and F atom by gaining

one electron acquire nearest noble gas electronic configuration. You need one F ion for
eachNa'ion. Therefore, NaF is an ionic compound.

r":f el an Tl

PTAS! ES_SMENT EXERCISE 5.4.

Recognize the following cnmpounds as having ionic bonds:
(a) KCL  (b) AICI, (c) MgF, (d) NaF (e) NaBr

5.3.2 Covalent Bonds

Nonmetal atoms tend to share electrons with each other or with other nonmetal atoms, forming a
chemical bond called a covalent bond. A chemical bond formed by mutual sharing of electrons

between two atoms is called a covalent bond. General representation of a covalent bond is given
below.

Sharing of

.e'e‘:tror@ “

Consider the formation of a covalent bond between two hydrogen atoms. A hydrogen atom has

one valence electron. Two hydrogen atoms share their valence electrons to form a diatomic
molecule.

H+H——H: shared pair of

In the formation of this molecule, each hydrogen atom reaches the electronic configuration of the
noble gas helium with two valence electrons. An electron pair in the region between two atoms
attracts both hydrogen nuclei. This creates a strong electrostatic attraction between the shared
electrons and the two nuclei. This means that the situation is more stable than in individual
atoms. Because of this stability, the two atoms form a covalent bond.

In a covalent bond, a strong electrostatic forve of attraction between the bonding electrons
and two atomic nuclei binds them together.

Acovalent bond between two atoms can be represented by using electron-dot and electron-cross
symbols for the atoms and the resulting molecule. As already discussed valence electrons are
represented by dots. Just to understand sharing, we represent valence electrons in one atom by
dots and in the other atom by crosses. However, remember that all the electrons are identical and
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cannot be differentiated. A shared pair of |

electrons is also represented by a dash (-) in a | :
molecule. : R
o f -

Consider the formation of a bond between two
fluorine atoms. Fluorine belongs to Group VIIA, so
it has seven electrons in the valence shell. It needs
one more electron to attain the electron configuration of a noble gas. Thus two F-atoms share an
electron pair and achieve electron configuration of Ne. For sharing each F-atom contributes one
electron to complete the octet.

Pairs of valence electrons that are not shared between atoms are called lone pairs or lone pairs. A
covalent bond formed by sharing one pair of electrons is called a single covalent bond. So both H,
and F, molecules contain single covalent bond.

Can you explain the formation of covalent bond between H-atom and a F-atom?
Sometimes atoms may share two or three

electron pairs to complete an octet. Double
covalent bonds are the bonds that are
or ﬁ_

formed by sharing of two electron pairs.
Triple covalent bonds are the bonds that

involve three shared pairs of electrons.
Consider the formation of O, molecules. Oxygen is

in Group VI A, so it has 6 electrons in the valence | B R DN
shell. It needs two electrons to complete its octet. + — 4 ’ -
So for sharing each O-atom contributes two '

electrons. or IN=N:
Can you explain the formation of N, molecules?

Example 5.5: Drawing electron cross and dot structures for simple covalent molecules

containing single covalent bonds

Draw electron cross and dot structures for (a) CH, that is a major component of natural gas (b)
H,0 that covers about 80% of the earth crust.

Probiem Solving Strategy:

Decide from the chemical formula which atom is the central atom. An atom that
contributes more electrons for sharing is the central atom. Show its valence electrons by
dots. Note the number of electrons it needs to complete octet. If the number of
electrons needed equals the other atoms, each atom will form a single covalent bond.

;S Arrange other atoms around the central atom. Connect the central atom by single bonds.
Use cross to represent electrons of the other atoms.

. B Check whether the arrangement of electron satisfies the octet rule.
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Solution:
o (B
(i) C has four electrons in the valence shell and needs
four electrons to complete its octet. H has only one t;h
valence electron and needs one electron to complete 6
the duplet. So C can form four single bonds with four
H-atoms. Cisthecentral element.

(i) Connect the atoms with a dot and a cross H—(I:'-——H
.(b) HO r]d
(i) O has six valence electrons :0: and each hydrogen

atom has one valence electron. H So O-atom needs
two electrons to complete the octet. Each H needs

one electron to complete duplet. ‘:Q 07
(i)  Oiscentral atom and will form two single bonds with ° a

H-atoms.
(iii)  Arrange H-atoms around O and connect them by a 10!
. T
pair of electrons (one dot and one cross) H H
CONCEPT ASSESSMENT EXERCISE 5.5
Draw electron cross and dot structures for the following molecules:
(@  NH,
(b)  HC
(c) CH,OH :
& : 2

Example 5.6: brawing electron cross and dot structures for molecules containing multiple
bonds Lo

Draw electron cross and dot structures for the following molecules:
(a) C0,, acomponent of air and is responsible for greenhouse effect.
(b) HCN, used as insecticide.

Problem Solving Strategy:

e Decide from the formula which atom is to be in the center. Show its valence electrons by
dots. Note the number of electrons it needs to complete octet.

2. Show valence electron of the other atoms by cross and find the number of electrons each
of the atoms needs to complete octet or duplet.

3. Connect central atom with the other atoms by electron pair or pairs to satisfy the octet
rule.

-




Solution:
(a) Co,
(i) C has four electrons in the valence shell. It needs four electrons to complete
octet.
(if) Each oxygen atom has six valence electrons and needs two electrons to have an
octet.

(iii)  Ciscentral atom, arrange O-atoms around it.

(iv)  Since C needs four electrons and there are only two oxygen atoms. So it will share
its two electrons with each oxygen atom.

ol®
GQ‘@’ or B-C=0:

(i) H has one, C has four and N has five electrons.

(i1) C needs four and N needs three electrons. So C shares one electron with H to form
a single bond and three electrons with N to form a triple bond. This will satisfy
octetrule.

CONCEPT ASSESSMENT EXERCISE 5.6

Draw electron cross and electron dot structures for the following molecules:
(a) CS, an organic solvent that dissolves sulphur, phosphorus etc
(b) N, a component of air.

% (¢)  C,H,, ethane, acomponent of natural gas. &




5.3.3 Types of covalent bond on the basis of polarity:
Non-Polar Covalent bond:

A covalent bond may form between two similar atoms such as in H,, N,, 0,, Cl, etc. It can also
occur between two different atoms, as in, HC, H,0, NH,, HCN, CO,etc. When two identical atoms
share electron pairs, both atoms exert the same force on the shared electron pairs. Such a
covalent bond is called a nonpolar covalent bond. For example, bonds H-H, O = 0, etc. are non-
polar covalent bonds.

Polar Covalent bond:

On the other hand, when two different atoms share an electron pair, both atoms exert different
forces on the shared electron pair. The more electronegative atom pulls the shared electron
pairs towards itself with a greater force than the other atom. Thus, the more electronegative
atom attracts some of the electron density towards itself. This makes it partially negatively
charged and the other atoms partially positively charged. Such a covalent bond is called a polar
covalent bond. The forces of attraction between molecules are called intermolecular forces. For
example,H=C:

5.3.4 Coordinate Covalent Bond

A coordinate covalent bond is a type of covalent bond where the shared electron pair comes from
a single atom (called donor). Atoms are held together because both nuclei attract a pair of
electrons. Once a covalent bond is formed, it is impossible to distinguish the origin of the
electrons. Such bonding is usually observed when metal ions bind to ligands. However, nonmetals
can also participate in this bond. The reaction between a Lewis acid and a base is a covalent
coordinate bond.

Examples of coordinate covalent bonds:
1. Ammonium (NH,’) ion

The ammonium ion is formed from the reaction of ammonia (NH,) gas with hydrogen
chloride (HCL) gas. In NH,+, the fourth hydrogen is attached by acoordinate covalent bond
because only the hydrogen's nucleus is transferred from the chlorine to the nitrogen. The
hydrogen's electron is left behind on the chlorine to form a negative chloride (Cl') ion.

H

'/"\. | %
H—Ns + H—€lL —+% | H—N—H] Cl
|
H
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- Hydronium ion (H,0°)

When hydrogen chloride (HC) gas dissolves in water to make hydrochloric acid (HClag.), a
coordinate covalent bond is formed in the hydronium ion. The hydrogen (H) nucleus is
transferred to the water (H,0) molecule, which has a lone pair of electrons to form
hydronium.So, H does not contribute any electrons to the bond.

3. Ammonia Boron Trifluoride (NH,-BF,)

Boron trifluoride (BF,) is a compound that does not have a noble gas structure around the
boron(B) atom. The boron only has three pairs of electrons in its valence shell and requires
a pair to complete the orbital. Hence, BF, is electron deficient. The lone pair on the
nitrogen (N) of the ammonia (NH,) molecule is used to overcome that deficiency, and a
complex compound forms through a coordinate covalent bond.

H—-—(}):/;\'H—Cl — [H—0—n Pe B
H H

CONCEPT ASSESSMENT EXERCISE 5.7

1. tiane between polar and non-polar covalent bonds.
2. Howis coordinate covalent bond different from normal covalent bond?

5.4 INTERMOLECULAR FORCES

An intermolecular force is the attractive force that
exist between the molecules.

Dipole-dipole forces

Dipole-dipole interactions occur between polar
molecules. Figure 5.1 shows these interactions.

You know that paints and dyes are used to protect solid
surfaces from the atmospheric effects. They also give
visual appeal. Resins are used to coat materials that
give toughness, flexibility, adhesion and chemical
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resistance. For example dams, bridges, floors, trains, buses, cars etc are painted with resins. The
synthetic resins are used where water resistance is required. Chemically, resins are either
adhesive or they form bond linkages with the material being bonded together. What is the nature
of these linkages?

Notice that slightly negative end of polar molecule is weakly attracted to the slightly positive end
of another molecule. Such attracting forces are called dipole-dipole interactions.

Hydronging bonding

Molecules in which hydrogen is covalently |-| o+ H
bonded to a very electronegative atom such /
as oxygen, nitrogen or fluorine is also \

weakly bonded to a lone pair of electron of : @Q__-)

another electronegative atom. This other il
atom may occur in the same molecule or in H 6"' H © - H 6+ H

a nearby molecule. This intermolecular :

interaction is called hydrogen bonding. \0 / \
Oxygen, nitrogen or fluorine makes A'E . U
hydrogen very electron-deficient. Thus 26 : )
interaction of such a highly electron o

deficient hydrogen and lone pair on a |
nearby electronegative atom compensates =
for the deficiency. Figure 5.2 shows hydrogen bonding in water molecules.

The interaction of a highly electron deficient hydrogen and lone pair on a nearby highly
electronegative atom such as N, O or F is called hydrogen bond. This phenomenon is called
hydrogen bonding.

These intermolecular forces are extremely important in determining properties of water,
biological molecules, such as proteins, DNA etc and synthetic materials such as glue, paints,
resins etc. The adhesive action of paints and dyes is developed due to hydrogen bonding.
Synthetic resins bind two surfaces together by hydrogen bonding or dipole-dipole interactions

~_ Society, Technology and'Science | s

Epoxy adhesives have excellent chemical resistance, good adhesion properties, good heat resistance and they form
strong and tough coating. Therefore, propellers and parts of aircraft, boats, cars, trucks etc are held together by
epoxy adhesives. Epoxy adhesives contain partially positively charged H-atoms and oxygen atoms containing lone
pairs in their molecules. Epoxy adhesives are, therefore, sticky and can make H-bonds with other substances. Modern
aircraft, boats and automobiles such as cars, trucks etc and even in space craft epoxy adhesives are used for
assembling, saving money and reducing weight. This means glues and adhesives have become an essential item in our
daily life.

5.5 NATURE OF BONDING, STRUCTURE AND PROPERTIES

Three main factors are important when determining the properties of a substance:
; Type of Particles

The types of elementary particles contained. The substance can contain atoms, ions or
molecules. For example, if it contains ions (such as sodium chloride), it will conduct

Unit'5: Chemical Bounding |




Unit 5: Chemical Bounding

electricity when melted or dissolved in water. In order to be soluble in water, the
substance must contain ions or polar molecules.

o5 The way elementary particles are connected to each oth er.

Particles may have ionic, covalent, metallic, or weak intermolecular forces. The stronger
the bond, the higher the melting/boiling point and hardness of the substance.

For example, silicon dioxide (5i0,) has strong covalent bonds, connecting each atom to
several other atoms to form a giant covalent structure. The atoms in silica are difficult to
separate, making it very hard and difficult to melt.

On the other hand carbon dioxide has strong covalent bonds between the C and O atoms.
But these molecules have weak intermolecular forces between them. The molecules are
therefore easily separated and so CO, has a low melting/boiling point.

3. The arrangement of particles

Particles may be arranged in planes (for example, polymers), in layers (for example,
clays, graphite) or in a variety of three-dimensional networks. In graphite atoms are
arranged in 2-dimensional layers. This allows the layers of graphite to move over one
another (for example, graphite pencil writing). Diamonds have a large three-dimensional
network of carbon atoms, which make it the hardest substance on earth. Metals also have
giant structures. metallic bonding is stong , most metals have very high melting and
boiling points and are thermally stable.

Conduction of electricity in
ioniccompounds [ «  Mautallla Path

Conventional Current

Electrical conductivity is achieved by the
movement of c¢harged particles.lonic
compounds cannot conduct electricity in
the solid state because their ions remain
in a fixed position and cannot move.
When an ionic compound is melted or
dissolved in water. It is ionized, its ions
move freely in molten or aqueous .
solution. Therefore electricity can pass

through a molten ionic compound or its | *
aqueous solution. S

Conduction of electricity through acids

Covalent compounds have no free charged particles, so they do not conduct electricity. However,
some covalent compounds conduct electricity when dissolved in water. For instance, acids like
HCI, H,S0,, HNO, etc. When these acids are dissolved in water, they ionize and form high
concentrations of H™ ions and negatively charged ions. These ions can move freely in aqueous
solution. Therefore, aqueous solutions of acids conduct electricity.

Metals are good conductor-of electricity because they have free electrons. These electrons are
not associated with a single atom. These electrons begin to flow under the influence of
electricity. Therefore metals allow electricity to pass through.

i i |
X
e it
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Compounds that consists of covalent molecules are called covalent compounds. The
intermolecular forces between their molecules are much weaker than the covalent bonds.
Therefore, covalent compounds have low melting and boiling points. Since their molecules do not
contain any free electrons or ions, they are poor conductors of electricity.

Intermolecular Forces and Their Influence on the Melting and Boiling
Points

Tables shows melting and boiling points of some common covalent and ionic compounds.

le 5.1: Melting point and boiling points of some covalent compoundsl

Compound Melting Point (°C) [ Boiling Point (°C)
Water (H20) 0 100

Mehtane (CH4) -183 -162

Ethanol (CH3CHz20H) -117 78

Table 5.2: Melting point and boiling points of some ionic compounds

Compound Melting Point (°C) | Boiling Point (°C)
Sodium Chloride (NaCl) 801 1465
Sodium Fluoride (NaF) 996 1695
Magnesium Chloride (MgClz) | 714 1412

Covalent compounds usually have much lower melting points than ionic compounds. For example,
a common covalent compound of water has a melting point of 0°C and a boiling point of 100°C. The
melting points and boiling points of the common ionic compound sodium chloride are 801°C and
1465°C. This is because ionic compounds involve breaking the ionic bond. Breaking the
electrostatic forces between ions requires large amounts of energy. Thus, ionic compounds have
high melting points and boiling points. Melting of covalent solids involves the breaking of
intermolecular forces, which are much weaker than electrostatic forces. Thus, less energy is
required to break the intermolecular forces between covalent molecules.

5.5.1 Graphite
Graphite's name is derived from the Greek word “graphein,” meaning “to write.” It is commonly

called black lead. Graphite is an allotrope of carbon. Graphite is formed when carbon is
subjected to the intense heat and pressure of the earth's crust and upper mantle.

Structure of Graphite

In graphite, each carbon atom is linked with 3 other carbon atoms by a single covalent bond
resulting in the hexagonal ring arranged in a layer. It has a 2-dimensional layers structure. The 4"
valence of the carbon atom is satisfied by weak Vander walls forces between 2 layers.

Uses of graphite

1. Graphite is a unique material since it has both metal and non-metal qualities. Moreover, it
is a soft mineral with black colour, slippery surface and lustre. These properties are due to
layered structure of graphite. Its major uses include:
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2. Due to its stability in high temperatures and chemical inertness, graphite is used in many
refractory items such as carbon refractory bricks.

4 The electrodes of graphite are used in electrical metallurgical furnaces. It is used as an
anode in electrolytic processes.

4. Graphite is used in making moderator rods and reflector components in a nuclear reactor.
It is used in the manufacturing of carbon brushes andelectric motors.

5. Graphite material is used in engineering sectors in the making of thrust and journal
bearing, piston rings, and valves.

6. Other applications of graphite include metallurgy, as lubricants, and in the production of
paints and pencils.

All these uses are a testament to the unique properties of graphite. The patterned bonding and
layered structure make it suitable for such diverse applications.

~ Graphite Diamond

Figure 5.5: Structure of graphite and dimond
5.5.2 Diamond |

Diamond is an allotrope of carbon in which the carbon atoms are arranged in a diamond cubic
crystal lattice. Thanks to the presence of strong covalent bonds and a rigid tetrahedral
structure, Diamond is the hardest material ever discovered.

Structure of Diamond

In a diamond, the carbon atoms are arranged tetrahedrally. Each carbon atom is attached to four
other carbon atoms 1.544 x 10™ meter away with a C-C-C bond angle of 109.5". It is a strong, rigid
three-dimensional structure that results in an infinite network of atoms. This accounts for

diamond's hardness, extraordinary strength and durability and gives diamond a higher density
than graphite (3.514 grams per cubic centimeter).
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Properties and uses of Diamond

The giant structure and extensive covalent bonding in diamond renders it extraordinary hardness,
elasticity, high yield strength, less conductivity, and chemical inertness. Owing to these
properties diamond has variety of applications like:

18 Diamonds are most commonly used in ornaments like rings, necklace, earrings, etc. In the
gem industry, the value of diamonds is very high. They are used in making jewellery
because of their durability and lustre property.

B Its property of hardness is useful to drill, grind or cut materials. Hence, some blades used
for cutting and drills in the industry used diamonds. They are present on the edges and tips
in small sizes.

3. Diamonds are used in making medicines and beauty products. They are also used in making
medical tools, like tools used in cataract surgery. Nano-diamonds have potential health
benefits.

4, Diamonds produce high-quality sound because they are hard and vibrate easily at high
speed. It is also used in DJ equipment and high-quality recorders.

5.5.3 Contrasting ionic and covalent compounds and their uses
The type of chemical bonds significantly influences the properties and uses of materials.

. lonic compounds are strong in compression, but they are brittle, i.e. they can break easily.
In the solid state ionic compounds are poor conductors of electricity. But when they melt or
dissolve in water, they conduct electricity due to the free movement of ions. Therefore,
batteries and fuel cells use ionic compounds as electrolytes.

. Covalent compounds with giant strur.'tures, such as diamond, quartz, silica, etc. are usually
very strong and hard. Because of its hardness, diamond is used in cutting and drilling tools.
Quartz and silicon dioxide are used in the production of abrasives. Graphite, quartz and
silica, because they are stable at high temperatures, are used to make ceramics, glass and
refractories. Most covalent compounds are poor conductors of electricity

5.6 METALLIC BONDS

A special type of bonding occurs in metals. In metals, the valence electrons are not confined to
individual atoms. These electrons are called free electrons. Metal atoms lose these electronsand

form positive ions. The free electrons can

Dlloulud
move throughout the entire metal structure. @ @ @ @ @

This leads to the forming a sea of delocalized

electrons called the electron sea. The metal G)@ @@ @@_

cations are held together by the strong Metal lons
electrostatic attractive forces between the

metal cations and negatively charged electron @ @ @ @ @ ®.

sea. This force gives metals their unique

properties. This type of bonding is called
metallic bonding.

The properties of metals that are a consequence of metallic bonding include:
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Malleability

Ductility

High melting and boiling point

High electrical and thermal conductivity Metallic lustre

5.6.1 Structure and Properties of Metals Which make it Suitable for
Industrial Purposes

1. Metals have giant structures. Metallic bond is strong due to which metals have very high
melting and boiling points. This makes them thermally stable.

2. The layers are able to slide over each other, which makes the metals to bent and shaped.
This makes them malleable and ductile. They can be drawn into wires and sheets.

3 Metals are good conductors of electricity because the delocalised electrons can move

freely. The delocalised electrons can also transfer energy from one place to another and
conduct thermal energy.

¥
- |
o 1

High meiling point
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*An octet is a set of eight. In order to gain stability atoms tend to gain electron configuration of
nearest noble gas.

*The tendency of atoms to acquire eight electron configuration in their valence shell, when
binding is called octet rule.

s|onic bonds are formed between two atoms, when one atom loses electrons and other atom
gains these electrons. The force of attraction that binds oppositely charged ions is called

ionic bonds.

*lonic compounds have high melting points. They conduct electricity in molten state.

+A bond that is formed by the sharing of electrons between two atoms is called a covalent
bond. Acovalent bond can be single, double or triple.

*The interaction of a highly electron deficient hydrogen and lone pair on a nearby
electronegative atom is called hydrogen-bond.

*The adhesive action of paints and dyes is developed due to hydrogen bonding.

References for additional information

sLawarie Ryan, Chemistry for you.

«lain Brand and Richard Grime, Chemistry (11-14).

sSilberg, Chemistry.

*Raymond Chang, Essential Chemistry. J

\.

REVIEW QUESTIONS

y Encircle the correct answer.
(i) Which of the following atoms will form an ion of charge -2?

Atomic Number ~ Mass Number = Atomic Number =~ Mass Number

(@ 12 24 (b) 14 28

() 8 8 (d) 10 20
(i)  Which of the following atoms will not form cation or anion.

(a) (Atomic No. 16) (b) (Atomic No. 17)

(c) (Atomic No. 18) (d) (Atomic No. 19)
(iii)  Which of the following atoms will form cation.

Atomic Number Atomic Number
(a) 20 (b) 18
(c) 17 (d) 15
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(iv)  Which of the following atoms obey duplet rule?

@ O, (b) F
() F (d N
(v)  Silicon belongs to Group IVA. It has ____ electrons in the valence shell
@ 2 (b) 3
() 4 d 6

(vi)  Phosphorus belongs to third period of Group VA. How many electrons it needs to

complete its valence shell.

UM EDR

@ 2 ' (b) 3

€ 4 (d 5
(vii) In the formation of AlF,, aluminum atom loses electrons.
b (a) 1 (b) 2

(c) 3 (d 4

(viii) Which of the following is not true about the formation of Na,S:
(a) Each sodium atom loses one electron
(b) Sodium forms cation
(c) Sulphur forms anion
(d) Each sulphur atom gains one electron
(ix) Identify the covalent compound
(a) NaCl (b) MgO0
() H0 (d) KF
Give short answer. :
(i) State octet and duplet rules.
(ii) Explain formation of covalent bond between two nitrogen atoms
(i)  HowdoesAlform cation?
(iv)  Howdoes O from anion?
(v) Draw electron cross and dot structure for H,O molecule.
Describe the importance of noble gas electronic configuration.
Explain how elements attain stability?
Describe the ways in which bonds may be formed.
Describe the formation of covalent bond between two non-metallic elements.
Explain with examples single, double and triple covalent bond.

Find the number of valence electrons in the following atoms using the periodic
table:

(a) Boron (b) Neon
(¢) Rubidium (d) Barium
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(e) Arsenic

Represent the formation of cations for the following metal atoms using electron
dot structures.

(a) Al (b) Sr (c) Ba

Asample of sulphur from a volcano was analysed to give the following composition
of isotops (At no of S = 16)

Isotope Abundance (%)
S-32 95.0
S-33 0.76
S-34 4.22

(a) Define the termisotope
(b)  Define the term relative atomic mass
(c)  Calculate the relative atomic mass of sulphur

(d)  Complete the following table.
Protons Neutrons Electrons

§$-32
S-34

(e)  Where will you place S in the periodic table.

(f)  Howmany electrons S will loss or gain to acquire stable configuration.

(g How many atoms of S are there in 0.3 mole of sulphur.

An atom of an element has atomic number 9 and mass number 19.

(a) State the number of protons and neutrons in the nucleus of this atom.

(b)  State the number of electrons in this atom.

()  Show with electron cross-dot diagrams, the formation of ions by this atom.
(d)  Write electronic configuration of this element.

(e) Pointoutits group in the periodic table.

(f)  Pointoutits period in the periodic table.
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12. Magnesium oxide is a compound made up of magnesium ions and oxide ions.

(a) What is the charge on these ions.
(b) How these ions get these charges.
(c) Show with electron cross-dot diagrams the

formation of these ions.
13. The diagrams below show the electronic
structures of an atom of calcium and an atom of o @
oxygen. .
Draw structures of the ions that are formed
when these atoms react.
14. The table below shows the properties of four substances:
Electrical Conductivity
Substance | Melting point | |n solid In molten
state state
A High NIL NIL
B High NIL Good
= Low NIL NIL
D High Good Good

(a)  Whichsubstance is a metal?

(b)  Which substance is an ionic compound?
(c)  Whichsubstance is a covalent compound?
(d)  Whichsubstance is a non-metal?

PROJECT €

Prepare a chart displaying different types of bonds with example.
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