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CHEMISTRY 1 - LECTURE NOTES
Structure and Bonding Alkanes
- HYDROCARBONS are compounds of hydrogen and carbon.
- Hydrocarbons that contain only single bonds are called alkanes.
- The simplest alkane is methane, CH4; the next is ethane, C2H6 and the third member is propane,
C3H8.
Covalent Bonding (H2), Sigma Bonding and sp3 Hybridisation
- COVALENT BONDING is the sharing of electrons between atoms.
- Hydrogen - atomic number: 1, mass: 1.01, 1p+, 1e-.
- Two hydrogen atoms overlap atomic orbitals 1s orbitals and share a pair of electrons. The bond
that forms has a circular cross section and is known as a sigma bond.
- The most stable configuration for any system is the lowest energy one. As such, at the hydrogen
covalent bond length of 0.74 Å, the bond energy is 436 kJ/mol. That is, to break the bond of 1
mole of H2 molecules, 436 kJ are required.

- The type of covalent bond formed depends on the shape of the overlapping orbitals.
- The INTERNUCLEAR AXIS is the imaginary straight line that connects the nuclei of atoms
bonded to each other in a molecule (equivalent to x-axis).

- Overlap of orbitals which have circular cross section normal to the internuclear axis forms a
-

SIGMA BOND (sharing of two electrons between two atoms).
Overlap of orbitals which have concentrations of electrons density which do not include the axis
forms a PI BOND.
If two orbitals do not have matching symmetries, no bond can be formed.

- In alkanes, the bonded carbon atoms are described as sp3 hybridised, forming single bonds to
-

hydrogen or adjacent carbon atoms.
HUND’S RULE states that every orbital in a subshell is singly occupied with one electron
before any one orbital is doubly occupied, and all electrons in singly occupied orbitals have the
same spin.
The ground state electronic configuration of a carbon atom is 1s22s22p2 and according to Hund’s
rule, two of the 2p orbitals will be singly occupied and one will be unoccupied.
HYBRIDISATION occurs when atomic orbitals of similar energy ‘mix’.

- There are four sp3 hyrid orbitals formed by the ‘mixing’ of three 2p orbitals with the 2s orbitals of
-

a carbon atom, known as sp3 HYBRIDISATION.
The four hybrid orbitals formed all have the same energy which is an average of the total energy
of the three 2p and the 2s orbital from which they were formed.
The sp3 hybrids are oriented so as to minimise the repulsions between them.
The most stable arrangement has the four hybrid orbitals arranged tetrahedrally about the carbon
atom.
The angle between the sp3 hybrid orbitals is thus 109.5º.

- Each of the four sp3 hybrids is singly occupied as there are four electrons to be distributed
-

between four orbitals of the same energy. This enables sp3 hybridised carbon atoms to form four
single bonds.
For example, in ethane, both the carbon atoms are sp3 hybridised. The four hybrid orbitals of
each atom are tetrahedrally arranged around the nucleus.
An sp3 orbital from each atom can overlap to form a sigma bond. This bond has a circular cross
section.
Three sp3 orbitals remain on each carbon. The 1s orbital of a hydrogen can overlap each of these
hybrid orbitals to form a C-H single bond.
VALENCE SHELL ELECTRON PAIR REPULSION theory is a model used in chemistry to
predict the geometry of individual molecules from the number of electron pairs surrounding their
central atoms.
An ANGSTROM is a unit of length used chiefly in measuring bond lengths, equal to 1010
metres.

- All four sp3 hybrid orbitals on each carbon atom are all now involved in sigma bonds.

Nomenclature of Saturated Hydrocarbons

- ALKANES are compounds of carbon and hydrogen only, in which each C atom has four
-

tetrahedrally arranged sigma bonds.
These hydrocarbons are called SATURATED HYDROCARBONS.
The suffix -ane always indicates a saturated hydrocarbon. The formula always has the form:
CnH2n+2

- Prefix-Parent-Suffix, where the prefix refers to the substituents, the parent refers to the number
of carbons and the suffix refers to the family (alkanes = ane).

- Steps to name alkanes:

1. Name the longest linear carbon chain (with the most substituents if there are two the
same).
2. Number the atoms in the main chain from the end nearest the first branch point.
3. Name the substituents in alphabetical order using numbers to locate on carbon chain
(separated by hyphen).
4. Name the substituents, listed below.

- A simple representation of the structure of an alkane is with a LINE BOND STRUCTURE
-

where every sigma bond is represented by a straight line.
However, line bond structures are quite cumbersome. The diagram below shows the line
structure and the equivalent CONDENSED STRUCTURE for an alkane.

- Many alkanes have large molecules and even the condensed structures are unwieldy.
- A SKELETAL STRUCTURE is often used in which a straight line represents two C atoms
joined by a sigma bond. H atoms are omitted altogether.

- Each vertex or terminus represents a carbon atom, and it is assumed that enough hydrogen atoms
are attached to give each carbon atom the required four bonds.

- The systematic name of an alkane is determined by the length of the longest possible chain of C
-

atoms.
Thus. although molecules I and II below, both with the same formula, could be referred to as
‘butanes’, systematic naming requires that since the longest C chain in II is only 3 carbons long it
be called a propane. The full systematic name of II is 2-methylpropane.

- Many of the chemical properties of simple organic molecules are determined by groups of
electronegative atoms that can take part in characteristic chemical reactions.

- In organic molecules, the halogens F, Cl, Br and I can replace an H atom forming a sigma bond
-

with carbon, forming HALOALKANES (alkyl halides).
Each one can form one covalent bond to carbon (7 valence electrons).
In naming organic compounds, it is always alphabetical.

- The main source of alkanes is petroleum.

Structural Isomerism

- ISOMERS are molecules that have the exact same formula but a different structure.
- Example: 3-methylpentane and 2-methylpentane both have the same formula.
- Although the formulae are the same, they will chemically react with other compounds to form
different structures with different properties.

Conformational Isomerism
- Carbon has the ability to participate in a number of bonding geometries - tetrahedral, trigonal and
linear - to other carbon atoms as well as to other elements.
- This gives rise to a vast number of molecules based on carbon and to the existence of isomeric
and conformational forms for many of these.
- Ethane has a single C-C bond between the two CH3 groups. The arrangement of the four atoms
around each carbon atom is tetrahedral.
- At room temperature, ethane is a gas and within the molecule there is quite rapid rotation of one
methyl group with respect to the other.

- The position when the H-atoms of the two methyl groups are as far from one another as possible
-

is called the STAGGERED CONFORMATION.
A staggered conformation is correspondent to the lowest possible energy.
The position when the H-atoms are at their closest point is called the ECLIPSED
CONFORMATION.
An eclipsed conformation is less stable by around 12 kJ/mol.
There are three equivalent staggered and three equivalent eclipsed conformations in a full
rotation.
A NEWMAN PROJECTION visualises chemical conformations of a carbon-carbon chemical
bond from front to back, with the front carbon represented by a dot and the back carbon as a
circle.
The front carbon atom is called PROXIMAL, while the back atom is called DISTAL.

- Although there is always quite rapid rotation around the C-C sigma bond in ethane, the energy of
-

the eclipsed conformation is about 12 kJ/mol higher than the energy of the staggered
conformation due to repulsion between hydrogen atoms bonded to adjacent carbon atoms.
This is known as TORSIONAL STRAIN, which is the increase in potential energy of a
molecule due to repulsion between electrons in bonds that do not share an atom.
As a result, this means that the molecule spends a higher proportion of its time in a staggered
conformation.

- Butane has a larger and more complex set of conformations associated with its constitution than
-

does ethane.
There are two energy minima, the gauche and anti forms, which are both staggered and thus have
no torsional strain.
The SYN-PERIPLANAR form is the absolute energy maximum, in which the two CH3 groups
are as close as possible to one another. As the two CH3 groups cannot occupy the same space,
they repel one another and this increases the energy of conformation.
ANTICLINAL has less steric and torsional strain for eclipsed conformations.
The ANTI-PERIPLANAR form is the absolute energy minimum, since the SYNCLINAL
(GAUCHE) form has a small steric interaction between the two methyl groups.
At a dihedral angle of 60 degrees, one hydrogen of each of the methyl groups is relatively close
to a hydrogen of the other methyl groups (van der Waals repulsion).
There are also two energy maxima, both of which are eclipsed and thus torsionally strained. The
higher energy conformation also has steric strain.
STERIC STRAIN is the increase in potential energy of a molecule due to repulsion between
electrons in atoms that are not directly bonded to each other (close than their radii allow).
As two groups cannot occupy the same space, they repel one another and this increases the
energy of the conformation.

