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Functional groups are groups of atoms at sites of comparatively high chemical reactivity. They
control the reactivity of the molecule as a whole.

2.1 FUNCTIONAL GROUPS

• Hydrocarbons are molecules that contain only hydrogen and carbon.
• Alkanes are compounds of hydrogen and carbon which contain only single bonds.
• When the carbon atoms form a ring, the compounds are called cycloalkanes.

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=K.+Peter+C.+Vollhardt&text=K.+Peter+C.+Vollhardt&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Neil+E.+Schore&text=Neil+E.+Schore&sort=relevancerank&search-alias=books


Asst. Prof. Gülbin KURTAY For more details please study: Organic Chemistry: Structure and Function Eighth Edition
K. Peter C. Vollhardt (Author), Neil E. Schore (Author) ISBN-10: 1319079458

2.1 FUNCTIONAL GROUPS

Alkenes are hydrocarbons containing one or more C-C double bonds while alkynes
contain one or more C-C triple bonds:

Benzene, C6H6, and its derivatives are examples of the class of organic compounds called
aromatic:
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2.1 FUNCTIONAL GROUPS

The carbonyl functionality, C=O, is found in aldehydes, ketones, and carboxylic acids:

Alkyl nitrogen and sulfur compounds are named amines and thiols:
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2.2 ALKANES

Alkanes can be classified into three general classes: straight-chain alkanes, branched alkanes,
and cycloalkanes:

 Straight-chain alkanes form a homologous series.
 The general formula of a straight chain alkane is CnH2n+2.
 Each member of the series differs from the previous one by the addition of a -CH2-,

or methylene, group.
 Molecules related in this manner are called homologs of each other and the series is

called a homologous series.
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2.2 ALKANES

Branched alkanes are constitutional isomers of straight-chain alkanes.

Branched chain alkanes have the same molecular formula as straight chain alkanes,
CnH2n+2, but differ in connectivity. A branched and straight chain alkane are constitutional
isomers of each other.

There are three isomeric pentanes:

The number of isomeric alkanes increases
dramatically with the number of carbon atoms:
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2.2 ALKANES
Many common or trivial names are still used widely used to name certain alkanes.
Systematic IUPAC names are more precise. 

The first 20 straight chain alkanes are:
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2.2 ALKANES
An alkyl group is formed by removing a hydrogen from an alkane. It is named by
removing the –ane suffix and replacing it by –yl.

CH3- methyl; CH3CH2- ethyl; CH3CH2CH2- propyl

Additional prefixes are also used: sec- (or s-) for secondary, and tert- (or t-) for
tertiary. A secondary carbon is directly attached to two other carbons. A tertiary
carbon is directly attached to three other carbons.
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Some common branched alkyl groups are:
2.2 ALKANES
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2.2 ALKANES
Alkanes exhibit regular molecular structures 
and properties.

The carbon atoms are tetrahedral (bond angles
close to 109o), C-C bond lengths all ~1.54 Å,
and C- H bond lengths all ~ 1.10 Å.
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2.2 ALKANES
The physical constants of alkanes follow predictable trends:
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2.2 ALKANES
Attractive forces between molecules govern the physical properties of alkanes.

• The physical forces between alkane molecules are due to London forces. These forces
arise from the correlation of electron motion on neighboring molecules.

• London forces are very weak and fall off with the 6th power of the distance between
molecules (Coulomb forces fall off with the 2nd power).
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Rotation interconverts the conformations of ethane

 The barrier to rotation of the two methyl groups in ethane is approximately 2.9 kcal/mol.
Since this amount of energy is readily available at room temperature from molecular
collisions, the methyl groups are said to have free rotation.

 The rotation motions within ethane can be represented by the dashed/wedged notation:

During the rotation, the conformation moves from the staggered to the eclipsed, and to 
a second staggered conformation.

2.2 ALKANES
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Newman projections depict the conformations of ethane.

2.2 ALKANES

The Newman projection is an alternative to
using the dashed/ wedged notation:
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2.2 ALKANES
The rotamers of ethane have different potential energies.

The point of lowest potential during the C-C bond rotation in ethane is at the staggered
conformation, the highest potential energy is at the eclipsed conformation (about 2.9
kcal/mole higher).
The lifetime of the eclipsed conformation is extremely short, and this conformation
represents a transition state connecting two staggered conformations.
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2.2 ALKANES
Radicals are formed by homolytic cleavage.

 When a bond breaks leaving the bonding electrons equally divided between
the atoms, the process is called homolytic cleavage or homolysis:

 Species containing more than one atom and an unpaired electron are called radicals.
 Free atoms and radicals exist as intermediates in small concentrations during the

course of many reactions but cannot usually be isolated.

Heterolytic cleavage results in the formation of ions, rather than radicals:

Homolytic Cleavage: 
Nonpolar solvents 
Gas phase
Heterolytic Cleavage:
Polar solvents (stabilize ions)
Electronegativities of atoms support ion formation
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2.2 ALKANES

The stability of radicals determines the C-H bond strengths.
 The bond dissociation energies in alkanes generally decreases with the progression:

Methane > Primary > Secondary > Tertiary

Radical stability increases (and thus the energy required to create them decreases) in the 
progression:
CH3 < primary < secondary < tertiary
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2.2 ALKANES
High temperatures cause bond homolysis.

Both C-H and C-C bonds are ruptured at high temperature in a process called pyrolysis.

The resulting radicals can combine to form higher or lower molecular weight
compounds, or form alkenes by further hydrogen extraction:
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2.2 ALKANES
General Methods of Preparation of Alkanes

1. Catalytic hydrogenation of alkenes or alkynes

Catalytic hydrogenation is the common method for converting unsaturated oils to saturated
fats in a process commonly referred to as “hardening of oils”.
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2.2 ALKANES
General Methods of Preparation of Alkanes

2. Organocuprates (Gilman reagents) couple with alkyl halides to provide alkanes

 The reaction of organocuprates with alkyl halides is a substitution reaction made
possible by the polarization of the C-I as a result of the differences in
electronegativities between carbon and iodine.

 Note that the C-Cu bond is less polarized and therefore more covalent compared
with the C-Li or C-Mg bonds.
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2.2 ALKANES
General Methods of Preparation of Alkanes

3. Reactions of ionic organometallic reagents with water
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2.2 ALKANES
General Methods of Preparation of Alkanes

4. Reduction (deoxygenation) of aldehydes and ketones also provides access to
hydrocarbons.

 One of the most common methods for deoxygenation of aldehydes and ketones is
the Wolff-Kishner reduction.

 It involves heating an aldehyde or ketone with hydrazine in the presence of a base
(KOH).
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2.3 CYCLOALKANES
The names of the cycloalkanes follow IUPAC rules.

To name a cycloalkane, prefix 
the alkane name with “cyclo”.

 Numbering a cycloalkane ring is necessary only when
there is more than one substituent. In no substituted
cycloalkanes, the attached carbon is numbered
number 1.

 Use the lowest possible numbering sequence for
polysubstituted cycloalkanes. If two identical
numbering sequences are possible, use alphabetical
precedence.

 Substituted cycloalkanes are sometimes named as
cycloalkyl derivatives.The smaller unit is generally
treated as a substituent to the larger unit.
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2.3 CYCLOALKANES
Disubstituted cycloalkanes possess stereoisomers.

Disubstituted cycloalkanes having substituents on different carbons possess cis (same side) /
trans (opposite side) isomers.

Cis/trans isomers are examples of stereoisomers. These are non- superimposable molecules
having the same molecular formula and connectivity.
Conformers are also stereoisomers but can be interconverted by rotations about C-C bonds.
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2.3 CYCLOALKANES
The chair conformation of cyclohexane is strain free.

Cyclohexane has several conformations, one of
which is called the chair conformation.

In the chair conformation, eclipsing of the hydrogens is completely prevented, the C-C-C
bond angles are very nearly tetrahedral, and the molecule is nearly strain free.

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=K.+Peter+C.+Vollhardt&text=K.+Peter+C.+Vollhardt&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Neil+E.+Schore&text=Neil+E.+Schore&sort=relevancerank&search-alias=books


Asst. Prof. Gülbin KURTAY For more details please study: Organic Chemistry: Structure and Function Eighth Edition
K. Peter C. Vollhardt (Author), Neil E. Schore (Author) ISBN-10: 1319079458

2.3 CYCLOALKANES

Cyclohexane also has several less stable conformations.
• A second, less stable conformation of cyclohexane is the boat form,

which is less stable than the chair form by 6.9 kcal mol-1.

The higher energy is due to the eclipsing of the 8 hydrogens at the base of the boat,
and the transannular (steric crowding across a ring) strain between the two
hydrogens in the boat framework.
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https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=K.+Peter+C.+Vollhardt&text=K.+Peter+C.+Vollhardt&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Neil+E.+Schore&text=Neil+E.+Schore&sort=relevancerank&search-alias=books


Asst. Prof. Gülbin KURTAY For more details please study: Organic Chemistry: Structure and Function Eighth Edition
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2.3 CYCLOALKANES
Cyclohexane has axial and equatorial hydrogen atoms.

In the chair form, cyclohexane has two types of hydrogens:
 Axial 6 H parallel to the principle molecular axis
 Equatorial 6 H perpendicular to the principle molecular axis

Axial and equatorial methylcyclohexanes are not equivalent in energy.
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