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CHAPTER 4 : COVALENT BOND

10 advanced chemistry

AL-MAARIFA 2 FOR BASIC AND SECONDARY EDUCATION
Nourhan Ahmed Abdelhamid Abouelfotouh Mohamed




Why Do Atoms Bond?

Cheme,

al '

- o O twg gy oM ghe

Gammg S'I'C(blll'l'y. The stability of an atom, ion, ﬂtoms thE’th I'Ce that hU/d
er S

or compound is related to its energy that is, lower
energy states are more stable.
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From your study of ionic bonds, you know that metals and nonmetals can gain stability by transferring
(gaining or losing) electrons to form ions. The resulting ions have stable noble-gas electron
configurations. From the octet rule you know that atoms with a complete octet, a configuration of eight
valence electrons, are stable.
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= Figure 1 Each water droplet is made
up of water molecules. Each water
molecule is made up of two hydrogen
atoms and one oxygen-atom that have
pertded by sharing electrons. The shape
of the drops are due to intermolecular
orces acting on the water molecules.
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~— Force of repulsion
— Force of attraction
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The atoms are too far Each nucleus attracts the other The distance is right for the attrac- If the atoms are forced
apart to have atom’s electron cloud. Repulsion tion between one atom’s protons closer together, the
noticeable attraction occurs between nuclei and and the other atom’s electrons to nuclei and electrons
or repulsion. between electron clouds. make the bond stable. repel each other.

The arrows in this diagram show the net forces of attraction and repulsion acting on two fluorine atoms as they
move toward each other. The overall force between two atoms is the result of electron-electron repulsion,
nucleus-nucleus repulsion, and nucleus-electron attraction. At the position of maximum net attraction, a covalent
bond forms.
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What is a covalent bond?

The chemical bond that results from sharing valence electrons.
A molecule is formed when two or more atoms bond covalently.
covalent 4538 Y dlaylyy cpbaddye 5)5 oo ASI o0 £S5 095 9 - bl ey B9 ASIYL dS)liall ¢po A8 uasSIN dlayl I (99555

In a covalent bond, the shared electrons are part of the outer energy levels of both atoms involved.
Covalent -bonding generally can occur between elements that are near each other on the periodic
table. Most of the covalent bonds form between atoms of nonmetallic elements.
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Covalent bond formation Diatomic molecules, such as hydrogen(H 2), nitrogen (N 2), oxygen (O 2),
fluorine (F 2), chlorine (Cl 2), bromine (Br 2), and iodine (12), form when two atoms of each element
share electrons.

They exist this way because the two-atom molecules are more stable than the individual atoms.
Consider fluorine, which has an electron configuration of 1s 22s 22p 5. Each fluorine atom has seven
valence electrons and needs another electron to form an octet.
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As two fluorine atoms approach each other, several forces act, .

h R Isive f h Figure 3 Two fluorine atoms share a
as shown in Figure 2. Two repulsive forces act on the atoms, pair of electrons to form a covalent bond.
one from each atom’s like-charged electrons and one from each Note that the shared electron pair gives
atom’s like-charged protons. A force of attraction also acts, as esichiatcen a complete/agtet.
one atom’s protons attract the other atom’s electrons. As the

. . _ T O §
fluorine atoms move closer, the attraction of the protons in

Fluorine Fluorine
’ . .
each nucleus for the other atom’s electrons increases until a atom AtOm

point of maximum net attraction is achieved. At that point, the
two atoms bond covalently and a molecule form.

I Bonding pair
Complete ———— of electrons

G

increase and exceed the attractive forces. e FOF lisiags
= pairs

If the two nuclei move closer, the repulsion forces

Fluorine
molecule




The most stable arrangement of atoms in a covalent bond exists at some optimal distance between
nuclei. At this point, the net attraction is greater than the net repulsion. Fluorine exists as a diatomic
molecule because the sharing of one pair of electrons gives each fluorine atom a stable noble-gas
configuration. As shown in Figure 3, each fluorine atom in the fluorine molecule has one pair of
electrons that are covalently bonded (shared) and three pairs of electrons that are unbonded
(not shared).

Unbonded pairs are also known as lone pairs. If the atoms are forced closer together, the
nuclei and electrons repel each other.

Single Covalent Bonds:

Figure 4 When two hydrogen atoms
share a pair of electrons, each hydrogen atom
is stable because it has a full outer energy
level.

H. g H:H

Hydrogen atom Hydrogen atom Hydrogen molecule

When only one pair of electrons is shared, such as in a hydrogen molecule, it is a single covalent bond.
The shared electron pair is often referred to as the bonding pair.
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For a hydrogen molecule, shown in Figure 4, each covalently bonded atom equally attracts the pair of
shared electrons. Thus, the two shared electrons belong to each atom simultaneously, which gives each
hydrogen atom the noble-gas configuration of helium (1s 2) and lower energy.
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The hydrogen molecule is more stable than either hydrogen atom is by itself.
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In a Lewis structure, they can represent the arrangement of electrons in a molecule. A line or a pair of
vertical dots between the symbols of elements represents a single covalent bond in a Lewis structure.
For example, a hydrogen molecule is written as H—H or H:H.

CSHle 8)3 S8 . 53 Flp el @l ©lg AV saa Jads gual 9 iyl LSS ob lewis structure plasuiul (S
oDl g (idads g 09,830




GT'OUP 17 . The halogens They form one single bond

the group 17 elements, such as fluorine—have seven valence electrons. To form an octet, one more
electron is needed.

Therefore, atoms of group 17 elements form single covalent bonds with atoms of other nonmetals,
such as carbon.

For example, fluorine exists as F 2 and chlorine exists as Cl 2 .
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Multiple Covalent Bonds:

Sharing multiple pairs of electrons form multiple covalent bonds. A double covalent bond and a triple
covalent bond are examples of multiple bonds. Carbon, nitrogen, oxygen, and sulfur atoms often form
multiple bonds with other nonmetals. How do you know if two atoms will form a multiple bond? In
general, the number of valence electrons needed to form an octet equals the number of covalent bonds
that can form.
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Double bonds:

A double covalent bond forms when two pairs of electrons are shared between two atoms.

For example, atoms of the element oxygen only exist as diatomic molecules. Each oxygen atom has six
valence electrons and must obtain two additional electrons for a noble-gas configuration, A double
covalent bond forms when each oxygen atom shares two electrons; a total of two pairs of electrons are
shared between the two atoms.
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2H. + O — H—(Ij:
H

Two Single Covalent Bonds




Gr‘oup 16; they form double bond ( 2 single bonds)

An atom of a group16 element can share two electrons and can form two covalent bonds.
Oxygen is a group 16 element with an electron configuration of 1s2 2s2 2p4.
Water is composed of two hydrogen atoms and one oxygen atom.
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Each hydrogen atom has the noble-gas configuration of helium when it shares one electron with oxygen.

Oxygen has the noble-gas configuration of neon when it shares one electron with each hydrogen atom.
Notice that the oxygen atom has two single covalent bonds and two unshared pairs of electrons.
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Two shared pairs
5% 5 . i of electrons
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Triple bond.

A triple covalent bond forms when three pairs of electrons are shared between two atoms.
Diatomic nitrogen (N 2) molecules contain a triple covalent bond. Each nitrogen atom shares
three electron pairs, forming a triple bond with the other nitrogen atom as shown in Figure 8b.
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Ammonia

Figure 5b shows the Lewis structure for an
ammonia molecule. Nitrogen also forms
similar compounds with atoms of group 17
elements, such as nitrogen trifluoride (NF 3 ),
nitrogen trichloride (NCI3), and nitrogen
tribromide (NBr3). Each atom of these group
17 elements and the nitrogen atom share an
electron pair.




Gr'oup 15: they form triple bond (3 single bonds)

Nitrogen is a group 15 element with the electron configuration of 1s2 2s2 2p 3.
Ammonia (NH 3) has three single covalent bonds.

Three nitrogen electrons bond with the three hydrogen atoms leaving one pair of unshared
electrons on the nitrogen atom.
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< Three shared pairs
of electrons

Group 14: form 4 single bonds

A methane molecule (CH4) forms when one carbon atom bonds with four hydrogen atoms.
Carbon, a group 14 element, has an electron configuration of 1 s 22s 22p 2. With four valence
electrons, carbon needs four more electrons for a noble gas configuration.
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Therefore, when carbon bonds with other atoms, it forms four bonds. Because a hydrogen
atom, a group 1 element, has one valence electron, it takes four hydrogen atoms to provide the
four electrons needed by a carbon atom.
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The Lewis structure for methane is shown in Figure 5c. Methane

Carbon also forms single covalent bonds with other nonmetal
atoms,

including those in group 17.

m Figure 5 These chemical equations show how atoms share |'||
electrons and become stable. 4H + C — H—C—H

As shown by the Lewis structure for each molecule, all atoms in H
each molecule achieve a full outer energy level.

Four Single Covalent Bonds

The sigma bond: Single covalent bonds are also called sigma bonds, represented by
the Greek letter sigma (o).
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A sigma bond occurs when the pair of shared electrons is in an area centered between the two

atoms. When two atoms share electrons} theif Valence atomic orbitals overlap end:to-end,

concentrating the electrons in a bonding orbital between the two atoms.
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Sigma bonds can form when an s orbital overlaps with another s orbital or a p orbital, or two p
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Water (H 20), ammonia (NH 3), and methane (CH 4 ) have sigma bonds, as shown in Figure 7.
m Figure 7 Sigma bonds formed in each of these molecules when the atomic orbital of each

hydrogen atom overlapped end-to-end with the orbital of the central atom. Interpret Identify
the number of sigma bonds in each
molecule. b

o A LRt
v % 0N

Water (H,0) Ammonia (NH;) Methane (CH,)

The pi bond:

A multiple covalent bond consists of one sigma bond and at least one pi bond. A pi bond, represented
by the Greek letter pi (i), forms when parallel orbitals overlap and share electrons. The shared electron
pair of a pi bond occupies the space above and below the line that represents where the two atoms are
joined.
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Figure 9 Notice how the multiple bond
between the two carbon atoms in ethene (C;H,)
consists of a sigma bond and a pi bond. The
sigma bond is formed by the end-to-end overlap
of orbitals directly between the two carbon
atoms. The carbon atoms are close enough that
the side-by-side p orbitals overlap and form the pi @ bond /,’

bond. This results in a doughnut-shaped cloud / '
around the sigma bond. | gl ity F.D/
W 7 bond

p overlap

_ note that molecules having multiple covalent bonds contain both sigma and pi bonds.

A double covalent bond, as consists of one pi bond and one sigma bond. A triple covalent bond consists
of two pi bonds and one sigma bond.




The Strength of Covalent Bonds:amealudll dkayl ) 5 58

Recall that a covalent bond involves attractive and repulsive forces. In a molecule, nuclei and electrons
attract each other, but nuclei repel other nuclei, and electrons repel other electrons.

When this balance of forces is upset, a covalent bond can be broken.
Because covalent bonds differ in strength, some bonds break more easily than others.
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several factors influence the strength of covalent bonds.

Lead )l Abayly)l 563 e 1555 88 Jolgs Hla

Bond length:jawatar an gsb

The strength of a covalent bond depends on the distance between the bonded nuclei .
- oassyall A1 Gl o Blused] Jgb e dnad Ll Alayly)l 593 daiia’
The distance between the two bonded nuclei at the position of maximum attraction is called bond length
L3l gabl Ak s (idadyall ol Gl o A8 Lal
It is determined by the sizes of the two bonding atoms and how many electron pairs they share.
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Bond lengths for molecules of fluorine (F 2), oxygen (O 2), and nitrogen (N 2) are listed in
Table 1. Notice that as the number of shared electron pairs increases, the bond length decreases.
Al Jgb J8 LS @bl gy 2hlas (@) @by AV sae o)) L
Bond length and bond strength are also related: the shorter the bond length, the stronger the bond.
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Therefore, a single bond, such as that in F2, is weaker than a double bond, such as that in O2. Likewise, the double
bond in 02 is weaker than the triple bond in N.

Figure 10 Bond length is the distance
from the center of one nucleus to the

center of the other nucleus of two bonded Table 1 Covalent Bond Type and
el Bond Length

Nuclei
m Bond Type Bond Length

F; single covalent 143 X107 0m

03 double covalent 121X10 Pm

Bond length N, triple covalent 110 X 10" m
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Table 2 Bond-Dissociation Energy
159 kJ/mol
0, 498 kJ/mol

N2 945 kJ/mol

Bonds and energy:

An energy change occurs when a bond between atoms in a molecule forms or breaks. Energy is released
when a bond forms, but energy must be added to break a bond.
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The amount of energy required to break a specific covalent bond is called bond--dissociation energy and

is always a positive value.
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Bond-dissociation energy also indicates the strength of a

chemical bond because of_
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the smaller the bond length is, the greater the bond-
dissociation energy.
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The sum of the bond-dissociation energy values for all of
the bonds in a molecule is the amount of chemical potential
energy in a molecule of that compound. The total energy
change of a chemical reaction is determined from the
energy of the bonds broken and formed.

= Figure 11 Breaking the C—C bonds in
charcoal and the O—0O bonds in the oxygen
in air requires an input of energy. Energy is
released as heat and light when bonds
form, producing CO,. Thus, the burning

of charcoal is an exothermic reaction.




An endothermic reaction

occurs when a greater amount of energy is required to break the -existing bonds in the reactants than is
released when the new bonds form in the products
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An exothermic reaction

occurs when more energy is released during product bond formation than is required to break bonds in
the reactants.
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Naming Binary Molecular Compounds Yoy
G/eme r?p ]

" “POlyat,
To write the formulas and names of molecules, you will use processes to i nt/usua//ya i

- . . 0
similar to those described for ionic compounds. r’""feo

Note that a binary molecular compound is composed only of two nonmetal atoms not metal atoms or
ions.

An example is dinitrogen monoxide (N20), a gaseous anesthetic that is more commonly known as
nitrous oxide or laughing gas.

(LSS oyl dbladtinl is ) loyandl JL 3y (N20),
The naming of N2O is explained in the following rules.

1-The first element in the formula is always named first, using the entire element name. N is the
symbol for nitrogen.
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2-The second element in the formula is named using its root and adding the suffix -ide. O is the
symbol for oxygen so the second word is oxide.
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3-Prefixes are used fo indicate the number of atoms of each element that are present in the
compound. Table 3 lists the most common prefixes used. There are two atoms of nitrogen and one
atom of oxygen, so the first word is dinitrogen and second word is monoxide.
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Table 3 Prefixes in Covalent Compounds

1 6

mono- hexa-
2 di- 7 hepta-
8 octa-

9 nona-

10 deca-

For example, CO is carbon monoxide, not monocarbon monoxide.

Also, if using a prefix results in two consecutive vowels, one of the vowels is usually dropped to avoid an
awkward pronunciation. For example, notice that the oxygen atom in CO is called monoxide, not
monooxide.

monooxide Mied ¢nSymiall 18yl dl drl 2yoxite Caymmy (il @301 9 2 ymmie By iy paiadl @l OE13) 2o
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Common names for some molecular compounds

Lpale plamd Cudl g (Ape gl Litlia 8 Lganiiiand (o1 ) Apanlul) LS pall dails ¢ laid
_ its common name, - )
baking soda is sodium hydrogen carbonate and
common -is_

Many binary molecular compounds, such as nitrous oxide and water, were discovered and given common names
long before the present-day naming system was developed. Other binary covalent compounds that are generally
known by their common names rather than their scientific names are

Table 5 Formulas and Names of Some Covalent Compounds

Common Name Molecular Compound Name

water dihydrogen monoxide
ammonia nitrogen trihydride
hydrazine dinitrogen tetrahydride

muriatic acid hydrochloric acid

aspirin 2-(acetyloxy)benzoic acid




Naming Acids (H(....))

Water solutions of some molecules are acidic and are named as acids.

If a compound produces hydrogen ions (H +) in solution, it is an acid. For example, HCl produces H + in
solution and is an acid.
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Two common types of acids exist—binary acids and oxyacid:
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1-Naming binary acids :
A binary acid contains hydrogen and one other element.

The naming of the common binary acid known as hydrochloric acid is explained in the following rules.

1. The first word has the prefix hydro- to name the hydrogen part of the compound. The rest of the first
word consists of a form of the root of the second element plus the suffix -ic. HCI (hydrogen and chlorine)
becomes hydrochloric.

2. The second word is always acid. Thus, HCl in a water solution is called hydrochloric acid.
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Although the term binary indicates exactly two elements, a few acids that contain more than two
elements are named according to the rules for naming binary acids. If no oxygen is present in the
formula for the acidic compound, the acid is named in the same way as a binary acid, except that the
root of the second part of the name is the root of the polyatomic ion that the acid contains.

For example, HCN, which is composed of hydrogen and the cyanide ion, is called hydrocyanic
acid in solution.
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Naming oxyacid .

Recall that an oxyanion is a polyatomic ion containing one or more oxygen atoms.

The following rules explain the naming of nitric acid (HNO 3), an oxyacid.

If the oxyanion’s name ends with the suffix -ate, replace it with the suffix -ic. If the name of the oxyanion
ends with the suffix-ite, replace it with the suffix -ous. NO3-, the nitrate ion, becomes nitric.

The second word of the name is always acid. HNO3(hydrogen and the nitrate ion) becomes nitric acid.
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Table 4 Naming Oxyacids

o | oo it

HCIO; chlorate chloric acid
HCIO, chlorite -ous chlorous acid

HNO4 nitrate -ic nitric acid

HNO, nitrite -0us nitrous acid

Look at the Examples:
formula of HBr, H,S0;,
the molecule. and NO,

form an acidic
aqueous solution?

Yes No
(H,S0; and HBr) (NO,)
Name the first element in the

molecule. Use a prefix if the number
of atoms is greater than one. To

name the second element, indicate the
number present by using a prefix +

[ Does the compound

Name as an acid.
Is there an oxygen
present in the

componnds root of second element 4+ —ide.
NO, is nitrogen dioxide.
No Yes
(HBr) (H,503)
Hydro + root of second Root of oxyanion present + —ic
element + —ic, then add. if the anion ends in —ate, or + —ous
if the anion ends in —/te, then acid.

HBr (aq) is hydrobromic acid.
H,50, is sulfurous acid.




