
Bonding
Background
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• Although, the concept of bonding has diverse meanings

in different settings, an interaction that establishes

greater synergy (stability) in a system remains the

central theme.

• However, we will restrict our discussion to chemical

bonding: the formation of a lasting interaction based on

stable forces of attraction between two or more atoms.



Chemical Bonding
What is the rationale for chemical bonding?
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• Since the noble gases are especially stable atoms (have a

filled valence shell of electrons (complete octet)), atoms

cans also attain a stable noble gas electron configuration

in a bonding relationship.

• The chemical bond arises from reorganization of the

valence electrons of an atom to attain a complete octet.



Chemical Bonding
Why do atoms bond with each other?
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• For example, the sodium atom ionizes to form a

positively charged sodium ion with the electronic

configuration of neon, a noble gas.

• Similarly, the chloride atom accepts an electron to form

a negatively charged chloride ion with the electronic

configuration of argon, a noble gas.



Ionic Bonding
Revisited
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• The electron transfer between sodium and chlorine

atoms in forming oppositely charged ions held by

electrostatic forces of attraction leads to the formation of

sodium chloride.

• This form of electrostatic force of attraction between

ions of opposite charge is an ionic bond.
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• An ionic bond arises from electron transfer between an

electropositive and an electronegative element.

• Metals, being electropositive, have a greater tendency to

engage in electron transfer to form ionic bonds.

• Non metals, the principal elements of organic

compounds, have a greater tendency to engage in

electron sharing to provide covalent bonds.

Chemical Bonding
Periodic Table and Bonding



Covalent Bonding
Revisited
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• Covalent bonding results from electron sharing between

atoms of the same or near similar electronegativity.

• For example, when joining two hydrogen atoms to form

a hydrogen molecule, three types of interactions occur:

• Repulsive interactions (electron-electron or proton-

proton) and attractive interactions (proton-electron).

• A covalent H-H bond is the net result of the attractive

and repulsive electrostatic forces in the two atoms.

• By sharing electrons, the hydrogen molecule achieves

the electronic configuration of helium (1s2), a noble gas.



Covalent Bonding
Revisited
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• Apart from hydrogen, the other elements in organic

compounds form covalent bonds by sharing valence

electrons to achieve the octet configuration in neon and

argon.

• Note that in the nitrogen molecule, each of the nitrogen

atoms of the molecule has a full octet of electrons.

• Covalent bonding is the principal type of bonding in all

the organic compounds that we will study.



Types of Covalent Bonds
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• There are two types of covalent bonds (sigma bonds and

pi-bonds) depending on which atomic orbitals overlap

and how they overlap to form a bond.

• A sigma bond (σ-bond) is formed from end-to-end

overlap (axial overlap) between s-s, s-p or p-p orbitals.

• Sigma (σ) bonds have shared electron density directly

between the bonding atoms along the bonding axis.



Types of Covalent Bonds
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• A pi-bond (p-bond) is formed from the side-by-side

overlap (lateral overlap) between two p orbitals.

• The electron density in pi (π) bonds lies above and

below or in front and in back of the bonding axis, with

no electron directly on the bonding axis, since 2p

orbitals do not have any electron density at the nucleus.

• What is the difference between a sigma bond and a pi-

bond?

• With this background, let us then look at the element

carbon to rationalize the nature of the covalent bonds it

forms in organic molecules.



Carbon on the Periodic Table
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• Carbon is in group 4 in the periodic table with the

electronic configuration shown below:

• Carbon has four electrons in its outermost shell and

requires four more electrons during bonding to complete

the octet requirement.

• Since it is highly unlikely that carbon will interact with an

element that can donate four electrons for carbon to

achieve an octet, sharing four electrons is the only option.



Bonding in Carbon Compounds
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• In the compounds of carbon, carbon is tetravalent i.e.

forms four covalent bonds by sharing four electrons

with other elements to achieve an octet configuration.

• But this tetravalency of carbon can only be explained if

the electrons in carbon are excited to reveal four

unpaired valence electrons that can form bonds with

other elements through electron sharing.

• Contrast the over 18,000,000 organic compounds from

just one element (carbon) with only about 100,000

inorganic compounds from the rest of about 110

elements.

• What is so special about carbon that it can form so many

compounds of significant interest in organic chemistry?



What is so unique about the bonding in carbon 
compounds?
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• We will look further at these bond types when covering

the topic on hybridization.

• Carbon is also unique in being able to use one or more

of its atomic orbitals to form bonds with other carbon

atoms.

• Catenation is a phenomena whereby there is linkage of

atoms of the same element into longer chains and is

responsible for the many compounds of carbon.

• The structures below illustrate the diversity of bonds

that carbon can form



Bonding in Organic Compounds
Covalent Bonding in Methane
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• Carbon has, outside its nucleus, six electrons. The

ground state electronic configuration of carbon is

therefore:

• This, however, represents the ground state of the carbon

atom in which only two unpaired electrons are available

for bond formation and may at first sight suggest that

carbon is expected to be only divalent.



Bonding in Organic Compounds
Atomic Orbitals of Carbon
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• The atomic orbitals in the valence shell of carbon that

would be populated by the four electrons and important

in the bonding of carbon are shown below:



Bonding in Organic Compounds
Covalent Bonding in Methane

15

• In the excited state, carbon has four unpaired electrons

and can form four bonds.

• Net energy = (400 – 97) Kcal/mol = 303 Kcal/mol. With

net energy released, the formation of methane from

carbon and hydrogen is energetically feasible.

• Consider methane formation from carbon and hydrogen

with a typical C-H bond strength of 100 Kcal/mol:



Bonding in Methane (CH4)
The Facts
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• What is the nature of the four C-H bonds in methane?

• Since excited carbon utilizes two different types of

orbitals (2s and 2p) for bonding purposes, one may

expect methane to have two kinds of C-H bonds.

• In fact this is not the case. A large amount of evidence

shows that all four C-H bonds of methane are identical

and the bond angles are 109.5o. This is consistent with a

tetrahedral bond angle. Methane is therefore tetrahedral.

• How does one reconcile this apparent equivalence in all

the four bonds in methane?



Bonding in Methane (CH4)
Rationale: Hybridization
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• The bonding orbitals of carbon are neither purely s or p

orbitals but a hybrid or mixture of s and p orbitals.

• Hybridization is the combination of two or more

atomic orbitals of different energy to form the same

number of hybrid orbitals of the same shape and

energy.

• Since three p-orbitals are mixed with one s-orbital, we

refer to the orbitals as sp3 hybridized orbitals, meaning

that each one of the orbitals has one-fourth (25%) s-

character and three fourths (75%) p-character.



Bonding in Methane (CH4)
Rationale: Hybridization
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• Each bond in methane is formed by the overlap of an sp3

hybrid orbital of carbon with a 1s orbital of hydrogen.

• The four bonds point to the corners of a tetrahedron.

• All four C-H bonds are sigma bonds because the

electron density is concentrated on the axis joining C

and H and are formed by head-to-head overlap of

orbitals.



Bonding in Ethane (C2H6)
sp3 Hybridization
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• The structure of ethane can be rationalized by assuming

that the two carbon atoms bond to each other by sigma

overlap of an sp3 hybrid orbital of each carbon atom.

• Note that only hybridized orbitals on carbon account for

the formation of sigma bonds.

• Consequently, pi-bonds do not count in the

hybridization.

• Hybridization is also important in explaining the shapes

of the molecules that are formed.

Structure of ethane



Bonding in Ethene (C2H4)
sp2 Hybridization of Carbon
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• Carbon, in its excited state, can also undergo sp2

hybridization leaving a single p-orbital unhybridized.

• While hybridized orbitals overlap head-to-head to form

sigma bonds (σ-bonds), unhybridized p-orbitals overlap

side-by-side to form pi (π) bonds.



Bonding in Ethene (C2H4)
sp2 Hybridization of Carbon

21

• In the ethene molecule, sp2 hybridized orbitals will

overlap head-to-head to form three sigma bonds (σ

bonds).

• The remaining unhybridized p-orbitals on adjacent

carbons will overlap side-by-side to form the pi (π) bond

of ethene.

• Recall that the electron density in a π-bond is farther

from the two nuclei to which they are weakly held.

• Consequently, π-bonds are weaker and easily broken

than σ-bonds.

+



Bonding in Ethene (C2H4)
Perspectives
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• The carbon-carbon double bond is rigid and bond

rotation can not occur. For rotation to occur, the π-bond

must be broken. The energy barrier for bond rotation in

ethene is 235 kj/mol while for ethane is only 12 kj/mol.

• The rigidity of the double bond gives rise to the

possibility of stereoisomerism (geometric isomerism),

commonly called cis-trans isomerism in alkenes.

• The cis isomer can not interconvert into the trans isomer

unless through a chemical reaction.



Bonding in Ethyne (C2H2)
sp Hybridization of Carbon
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• Carbon, in its excited state, can also undergo sp

hybridization leaving two p-orbitals unhybridized.



Bonding in Ethyne (C2H2)
sp Hybridization of Carbon
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• These sp-hybridized orbitals overlap to form sigma

bonds (σ-bonds).

• The number of π bonds that can form will depend on the

number of unhybridized p-orbitals available:– 2 p-

orbitals for sp hybridized carbons (the two π bonds

formed will be perpendicular to each other).

• Alkynes have a linear geometry with C-C bond angle of

180o.



Comparison of Bond Strengths and Lengths
The influence of Hybridization
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• Since the s orbitals are lower in energy than p-orbitals,

the electrons in s-orbitals are held more closely to the

nucleus than electrons in p-orbitals.

• Generally, the more s-character the bond, the more

tightly held the bond. This explains the relative bond

lengths and strengths for each hybridization combo.



Functional Groups in Organic Chemistry
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• The concept of hydridization also explains the structures

and bonding of carbon to other elements such as

nitrogen and oxygen to provide a diversity of reactive

groups (functional groups) that have a strong influence

on organic chemistry.



Hybridization on Other Atoms
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• Although in organic chemistry, we will focus on

hybridization around carbon, the concept of

hybridization also explains the bonding around elements

such as oxygen and nitrogen that form covalent bonds

with carbon and hydrogen.

• In these systems hybridization is determined by

summing up the number of lone pairs of electrons on the

valence shell with the number of sigma bonds formed

on the atom and determining the s and p orbital

combination that would account for the hybrid orbitals .



Calculating Hybridization on Other Atoms
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• Determine the hybridization on the oxygen atom of

methanol.

• The sense of hybridization also determines the shape

around these hybridized systems with a bent shape

around oxygen in alcohols and water and a pyramidal

shape around amines and ammonia.

• Determine the hybridization and shape of BH3.



Practice Questions
Hybridization
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Determine the hybridisation at the atoms labelled (a-e) of

procainamide, the cardiac antiarrhythmias (shortness of

breath) drug.

Determine the hybridisation at the atoms labelled (f-i) of

terbinafine, an antifungal antibiotic for fungal infections of

the fingernails or toenails (onychomycosis).



Dative Bonds
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• A dative bond is a type of covalent bond in which the

two electrons of the bond are provided entirely by one

of the two bonded atoms but shared by both.

• Dative bonds are common in molecules that have atoms

with lone pairs of electrons (commonly N or O) when

they are placed in an acidic solution.

• When ammonia reacts with hydrogen chloride to form

ammonium chloride, the nitrogen in the ammonium ion,

forms covalent bonds with four hydrogen atoms and

loses a lone pair of electrons.



Dative Bonds
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• Other than ammonia and amines, water and alcohols

also form dative bonds in acidic solutions.

• How does the formation of the dative bond affect the

hybridization and shape around the affected atom?


