
APPENDIX 1
INTRODUCTION TO ORGANIC CHEMISTRY

For most courses, organic chemistry is a Semester 2 topic and generally presupposes
little previous knowledge.  However, reference is frequently made to organic
compounds as an integral part of earlier topics such as structure and bonding and
acid/base theory, so it is an advantage to have a basic grounding in some aspects of
organic chemistry from the start of the year.  For those who are undertaking courses
which include organic chemistry as a Semester 1 topic, it is more urgent to become
familiar with at least some of the elementary principles involved.  This introduction
is not intended to be rigorous because there are many basic organic texts that serve
that purpose.  Instead, the aim is to indicate what to expect when encountering
organic chemistry and to provide an insight to “what it is all about”.  Consequently
there is little rote learning presented here - the emphasis is on introducing some of the
basics of organic chemistry by using mainly the hydrocarbons to illustrate them. 
Important concepts such as functional groups and families of compounds containing
them, drawing structures and naming organic compounds, types of organic reactions
and their representation by equations  are all dealt with in this introduction which will
prepare you to follow up at the appropriate time by using an organic text or on-line
resources such as Chemcal.   

Carbon atoms are able to combine with large numbers of other atoms of carbon as well
as atoms of many other elements to form an almost unlimited number of compounds. 
Because carbon chemistry is so extensive and has many unique characteristics, it is

usually treated as a separate branch of the subject in its own right, called ORGANIC

CHEMISTRY.  Despite the huge number of existing and potential organic
compounds, carbon chemistry can be greatly simplified once it is realized that the
chemistry of organic compounds can in large part be reduced to the reactions which
are characteristic of particular groups of atoms within the molecules.  These groups

of atoms are called FUNCTIONAL GROUPS.  The functional groups bestow most
of the chemical properties on a molecule, so learning to recognise functional groups
where they appear in any organic molecule is the starting point for studying organic
chemistry.
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HYDROCARBONS: TYPES, STRUCTURES AND NAMING.
The simplest organic compounds, the hydrocarbons, have already been alluded to in 
some of the Topics in this course.  Hydrocarbons are compounds that contain only
carbon and hydrogen atoms.  They constitute the main source of our energy supply in
the form of natural gas, kerosene and petroleum products and are mostly derived from
crude oil and natural gas.  There are several families of hydrocarbons, each
distinguished by a particular functional group.  Hydrocarbons may be saturated
compounds in which there are no double or triple bonds between any of the carbon
atoms or they may consist of unsaturated molecules containing at least one multiple
bond between two carbon atoms.  In Topic 4, examples of unsaturated hydrocarbons
were given - the compound ethylene contains a double bond between its two carbon
atoms and the compound acetylene contains a triple bond between its two carbon
atoms.  The presence of a double or triple bond imparts some very different
characteristics to molecules as compared with saturated hydrocarbons.  Just as the
Periodic Table groupings makes it easier to remember and understand the chemistry
of the elements, so the grouping of hydrocarbons into various families of compounds
which share similar properties does likewise in the study of their chemistry.  Saturated

hydrocarbons are called ALKANES.   Hydrocarbons that include at least one double

bond in their molecule are called ALKENES (containing the C=C functional group)

while hydrocarbons containing at least one triple bond are called ALKYNES 
(containing the C/C functional group).  Alkanes have so few reactions apart from
combustion in oxygen that an alkane is not considered to contain a functional group. 
However, alkenes and alkynes are both very reactive and some examples of their
functional group reactions are given later.  There is yet another basic type of
hydrocarbon compound where the bonds between the carbon atoms lie between those
found in single bonded (saturated) hydrocarbons and those found in double bonded
hydrocarbons, and these are called AROMATIC HYDROCARBONS or ARENES. 
The compound benzene is an example of an aromatic hydrocarbon.    The non-

aromatic hydrocarbon compounds are collectively known as ALIPHATIC

HYDROCARBONS. 
 
ALKANES
Alkanes may contain chains of C atoms with or without branches (side chains), or they

can form rings of C atoms in which case they are called CYCLIC ALKANES.  The
simplest alkane contains only one C atom and is named methane, previously

4mentioned in Topics 4 and 5.  Methane has the formula CH  and its structure consists
of a central C atom bonded to four H atoms by single covalent bonds.  Thus the
valence of the C atom (four) is satisfied and the valence of each of the H atoms (one)
is also satisfied. 
The second member of the alkane family, named ethane, consists of molecules
containing two C atoms joined by a single bond and each of the remaining three
valencies of both C atoms are used to form single bonds to H atoms.  This gives a total
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2 6of two C atoms and six H atoms, so the molecular formula of ethane is C H .  The
third member of this family, propane, has three C atoms joined to each other in a chain
and each of the two end C atoms (terminal atoms) is also bonded to three H atoms. 
The C atom in the middle of the chain has only two unused valencies remaining, so
it bonds to just two H atoms, giving a total of three C atoms and eight H atoms and

3 8thus a molecular formula of C H .  

4 2 6Examination of the molecular formulas of these first three alkanes, CH , C H  and

3 8 n 2n+2C H , shows they all fit a general formula of C H  where n is the number of C atoms
in the molecule.  This general formula holds for all non-cyclic saturated hydrocarbons. 
The general formula for cyclic alkanes would have two less H atoms than the non-
cyclic molecules because two of the carbon atoms in the ring use one valence each to
join together in order to form the ring.  As the minimum number of C atoms that can

3 6form a ring is three, the simplest cyclic alkane would have the molecular formula C H
and is named cyclopropane.

Non-cyclic alkanes that contain four carbon atoms can be bonded either as a straight
chain of four C atoms or as a branched chain structure containing three C atoms with
the fourth C atom bonded to the central atom of the chain as the branch.  Both

4 10compounds have the same molecular formula, C H , but are different compounds with
different properties such as melting point, boiling point and density.  Compounds that
have the same molecular formula but differ in some aspect of their structures are

called ISOMERS.  There are several possible types of isomerism.  The type of

4 10isomerism that gives rise to the two forms of the compound C H  is called

CONSTITUTIONAL ISOMERISM.
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Unbranched chain alkanes are named using a stem to indicate the number of C atoms
in the molecule to which the ending “ane” is added to indicate a saturated compound.
The stems used for chains containing from one to ten C atoms are:
meth, eth, prop, but, pent, hex, hept, oct, non and dec respectively, 
so the names for the first ten hydrocarbons with unbranched chains, obtained by
adding “ane” to the above stems, are:
methane, ethane, propane, butane, pentane, hexane, heptane, nonane and decane.
The following list gives the molecular formulas, condensed structural formulas and
names for the first ten unbranched chain alkanes.  The condensed structural formula

or CONSTITUTIONAL FORMULA should be interpreted as each C atom in the
chain being bonded to the C atom prior to it and following it in the formula as well as
to the specified number of H atoms on that C atom.  The valence of C atoms must
always add up to four and the valence of  H atoms must be one.
 

n molecular constitutional    name
formula formula

4 41 CH CH    methane

2 6 3 32 C H CH CH    ethane

3 8 3 2 33 C H CH CH CH    propane

4 10 3 2 2 3 3 2 2 34 C H CH CH CH CH                         (or CH (CH ) CH )    butane

5 12 3 2 2 2 3 3 2 3 35 C H CH CH CH CH CH                  (or CH (CH ) CH )       pentane

6 14 3 2 2 2 2 3 3 2 4 36 C H CH CH CH CH CH CH          (or CH (CH ) CH    hexane

7 16 3 2 2 2 2 2 3 3 2 5 37 C H CH CH CH CH CH CH CH     (or CH (CH ) CH )    heptane

8 18 3 2 2 2 2 2 2 38 C H CH CH CH CH CH CH CH CH    octane

9 20 3 2 2 2 2 2 2 2 39 C H CH CH CH CH CH CH CH CH CH    nonane

10 22 3 2 2 2 2 2 2 2 2 310 C H CH CH CH CH CH CH CH CH CH CH     decane

Alkyl groups.
Alkyl groups are hydrocarbon groups that are identified for the purpose of naming
compounds which do not consist of simply unbranched molecules.  An alkyl group is
derived from any alkane by deleting one H atom from the chain and leaving a free
valence on the alkyl group available to bond to some other group.  This free valence
is often shown as a line like a covalent bond to reinforce the fact that the alkyl group
is not an independent entity.   Normally any alkyl group will be bonded to another
atom in a compound and not have a free existence like a polyatomic ion. 
Alkyl groups are named by removing the “ane” ending from the parent alkane and

3replacing it with “yl”.  Thus from methane, the methyl group (represented as CH !)

2 5would be derived, from ethane, the ethyl group (represented as C H !) and so on.
[Note the line shown attached to the formula for each alkyl group representing the free
valence remaining on a C atom.] 
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For convenience and because the particular alkyl group often has little effect on the
functional group reactions of a compound, they are often represented simply as R! in
a general structural formula.  

Naming branched chain alkanes.
Naming alkanes which include one or more branched chains in their molecules
requires some further rules, the branches being named as alkyl groups substituted for
H atoms on the main chain.  The longest carbon chain is named as above for
compounds with an unbranched chain but any side chains are named as alkyl groups
which have been substituted for H atoms and their position on the main chain is given
by a number designating the C atom to which they are bonded.  For example, the
compound having the structural formula

would be named as a butane because there are four C atoms in the longest chain of

3carbon atoms.  A methyl group, CH !, is attached to the second carbon from the end,
so the name for the compound would be 2-methylbutane.  Note that the C atoms in the
main chain are numbered so that overall the smallest numbers are used in the name of
the compound and they may not necessarily be numbered from left to right - in this
example the chain is numbered from right to left.  The next example illustrates another
rule that applies when there is more than one alkyl group attached to the main chain,
namely that the groups be named in alphabetical order.

This compound has seven C atoms in the longest chain so it would be named as a

3heptane with a methyl group, CH !, attached to C atom  number 3 (numbering from

2 5the left this time) and an ethyl group, C H !,  attached to C atom number 4.  This
order uses the smallest numbers (3 and 4) rather than the alternative of numbering
from the right which would allocate the methyl group to C atom number 5 and the
ethyl group to C atom number 4.  Naming the side chains in alphabetical order, the full
name for the compound is 4-ethyl-3-methylheptane.  Note the use of hyphens between
the C atom’s number and its substituent alkyl group as well as between the two alkyl
groups.  If more than one of any given alkyl group is substituted on the main chain of
an alkane, the total number of that group is indicated in the name by use of the
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prefixes di, tri, tetra, penta... with the numbers of the C atoms to which they are
bonded given first.  For example, the compound below has two methyl groups attached
to C atoms numbers 2 and 3 and one ethyl group attached to C atom number 4, so it
would be named as 4-ethyl-2,3-dimethylheptane.  Note that the prefix di- is not
included in deciding the alphabetical order of the substituents in the name - ethyl still
is listed ahead of dimethyl.

         4-ethyl-2,3-dimethylheptane

PRACTICE QUESTIONS ON ALKANES

1.  Write the names and condensed formulas for the following alkanes,

(a) (b) (c)

(d)     (e)      
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2.  Draw structural formulas for the following alkanes.

(a) propane
(b) hexane
(c) 3-methylhexane
(d) 2,2-dimethylhexane
(e) 5-propylnonane
(f) 2,3,4-trimethylhexane

3.  The Chemcal module titled “Alkanes” provides much practice at naming and
drawing structures of alkanes and also alkyl halides. [ Disregard the first three screens
which deal with atomic structure and bonding in alkanes.] 

ANSWERS

3 2 2 2 31.  (a)  CH CH CH CH CH    pentane

3 2 2 2 3    (b)   (CH ) CHCH CH CH   2-methylpentane

3 3 2 2 3    (c)   (CH ) CCH CH CH 2,2-dimethylpentane

3 3 2 2 3 2    (d)   (CH ) CCH CH CH(CH ) 2,2,5-trimethylhexane

3 2 2 2 2 5 2 2 3    (e)  (CH ) CHCH CH CH(C H )CH CH CH 5-ethyl-2-methyloctane

2.(a)                        (b)

( c )  (d)

(e)    (f)
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Molecular shapes of alkanes.
In Topic 5 the 3-dimensional shapes of molecules was briefly discussed.  The
tetrahedral arrangement of bonds around a central atom is one common spatial
disposition, the tetrahedral angle between any bonds on the atom being 109.5 .  Ino

particular, this is the arrangement of the bonds around any carbon atom in a molecule
where it  has four single bonds such as in alkanes.  Thus the two dimensional formulas
given earlier for alkanes describe only their structure and not their molecular shape. 
One must imagine each C atom as being joined to four other atoms by covalent bonds
which are arranged tetrahedrally to each other.  In Topic 5 some of the ways by which
the 3-dimensional shapes of molecules can be represented on a 2-dimensional plane
surface were discussed.  The following diagrams show one way by which the
structures of methane and ethane can be drawn to include an indication of their
molecular shapes.

Obviously it is more convenient not to include this additional information relating to
the molecular shape when writing a formula unless it is required for a specific purpose. 
However, one needs to remember that all the C atoms in alkanes have their bonds at
the tetrahedral angle to each other and are not at 90  as shown in the formulas whicho

represent their structures alone.

Another shorthand representation of alkanes - the bond-line formula.
Yet another representation of molecular structural formulas has become popular in
recent years.  This type of formula shows no C or H atoms but instead shows just the
bonds as lines, the ends of which are assumed to be joined to C atoms.  In compounds
containing atoms other than C or H, those atoms are shown but otherwise, any unused
valencies are assumed to be joined to H atoms.  Using this convention, ethane would
be shown as just a single line.  Propane would be shown as two lines at an angle to
each other, butane as three such lines and so on.

  

Compounds in which an alkane has had a hydrogen atom replaced by a halogen atom

are called ALKYL HALIDES, an example of another functional group.   If a Cl atom
for example replaced a terminal H atom in the alkane propane, the resulting compound
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is named as 1-chloropropane and could be represented by either of the following
formulas. 

Another common functional group is the ALCOHOL group, !OH, (not the hydroxide
ion, OH ) which is part of the ethanol molecule.  Both representations are given below!

for ethanol.

 

In order to familiarise you with both representations of organic structures, the bond-
line method has been used alongside the expanded structures in most of the remainder
of these notes.

ALKENES
Alkenes contain the functional group consisting of a carbon/carbon double bond,
represented as  C=C.  Naming alkenes uses the same stem as for alkanes to indicate

the number of C atoms in the longest chain which includes the double bond and the
ending “ene” is attached.  In addition, a number is required to indicate the position of

2 4the double bond in the chain.  The simplest alkene has the molecular formula C H  and
has the structure shown below.  It is named ethene using the systematic nomenclature. 
However, common names were in use long before the current system was adopted and
this compound is generally named as ethylene in deference to existing practice. The
second alkene in the series contains three C atoms and has the molecular formula

3 6C H .  Its structure is also given below and this compound is named as propene or,
using the common name, propylene.  The bond-line structures are also shown for each
molecule.

Inspection of these molecular formulas indicates that the alkene series of hydrocarbons

n 2nhas the general formula C H  where again n is the number of C atoms in the molecule. 
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Neither ethene nor propene requires a number to indicate the position of the double
bond as there is only one possible structure.  However, the unbranched alkene 
containing four carbon atoms could exist as two possible isomers so the name must
include a number to indicate the location of the double bond in the chain.  The
convention used is to number the C atoms in the longest chain which includes the
double bond so that the smallest number can be allocated to the first C atom of the
double bond.  The following structural diagrams show the two possible unbranched

4 8alkenes of formula C H .

Branched chain alkenes are named using the same procedures as for alkanes.  Thus the
compound of structure

is named as 2-methyl-1-butene.
The compound of structure

is named as 2-ethyl-1-pentene, even though a longer chain containing six C atoms is
present because the main chain must include the double bond.

ALKYNES. 
Alkynes contain a the functional group consisting of a carbon/carbon triple bond which
is represented as C/C.  The first member of the alkyne series has the molecular

2 2formula C H  and is named as ethyne using the systematic name which incorporates
the same stems used for alkanes to which is added the ending “yne”.  However, in
practice its trivial name, acetylene, is always used.  This can be confusing at first
because of the presence of the “ene” ending which might be construed as indicating
a double bond rather than a triple bond.  In Topic 4 the structure and shape of
acetylene was discussed and its structural formula and bond-line figure representation
are shown below.  Naming of alkynes follows the same rules as for alkenes.  The

3 4second member of the alkyne group of hydrocarbons has molecular formula C H  and
is named as propyne
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Again, when there are more than three C atoms in the chain, a number must be
included in the name of an alkyne to show where the triple bond is located.  Thus the

4 6unbranched alkyne C H  has two isomers which differ in their structures by the
position of the triple bond.

           2-butyne               1-butyne

Inspection of the molecular formulas of the alkynes shows that they all fit the general

n 2n!2formula C H .

More on constitutional isomers.
It will be apparent that as the number of carbon atoms in the molecular formula of the
hydrocarbons increases, there will be an exponential increase in the number of possible
constitutional isomers.  As an example, it has been shown previously that the alkane

4 10 5 12of molecular formula C H  can exist as two possible isomers.  The alkane C H  has

6 14 7 16 8 18three constitutional isomers, C H  has five, C H  has nine and C H  has eighteen. 
There are 62,481,801,147,341 constitutional isomers of the alkane having molecular

40 82formula C H .

Physical properties of aliphatic hydrocarbons.
The members of the alkanes, alkenes and alkynes whose molecules contain less than
about four carbon atoms are typically gases at room temperature and pressure. 
Members of each series with five to about 15 carbon atoms per molecule are liquids
under those conditions while larger chain hydrocarbons are solids, often waxes. 
Paraffin wax is an example of a mixture of solid alkanes consisting of compounds with
20 or more carbon atoms per molecule.
Within each hydrocarbon family, the physical properties of even the various
constitutional isomers of a given molecular formula are different for each isomer.  As
an example,  consider the following  data at comparable conditions for the two isomers

4 10of the alkane C H .
mp( C) bp( C) density(g/mL)o o

!138 !0.5 0.6012

     !159      !12       0.603
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More on the shapes of aliphatic hydrocarbon molecules.
(a) Alkanes.
Earlier it was pointed out that the carbon atoms in alkanes always have four single
bonds associated with each C atom and those bonds are attached either to other C
atoms or to H atoms and that all the bond angles are tetrahedral, 109.5 .  The carbono

atoms in alkanes are often referred to as being in a “chain” but this analogy is not quite
accurate because any two atoms joined by a single covalent bond have the property of
free rotation about the bond axis.  Thus for any C!C bond in an alkane, the two
sections of the molecule joined at that bond are able to rotate relative to each other
about the bond axis.  A better description of an alkane would be as having a backbone
of C atoms in a chain where each link is joined to the next by a swivel.  This is
illustrated for ethane in the
following diagram.

As the number of carbon atoms in the molecule increases, the amount of flexibility
also increases, with rotation about all single C!C bonds possible.   The following

4 10diagrams represent 2 extreme arrangements for the butane molecule (C H ), but there
would be many other such arrangements (called  CONFORMATIONS) possible.  

(b) Alkenes
Unlike single covalent bonds, there is no rotation possible about the C=C double 
bond.  Instead the two C atoms of the C=C bond plus the other four atoms joined to
them remain in the same plane at all times.  For example, the unsaturated hydrocarbon
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ethene (ethylene) has a double bond joining the carbon atoms as shown in the diagram
below.  Both the carbon atoms and all four hydrogen atoms in this molecule lie locked
in the same plane, with bond angles of about 120 .  0

The rigidity imposed by the non-rotation of the C=C bond leads to the existence in

compounds derived from alkenes of another type of isomerism called GEOMETRIC

ISOMERISM - molecules with the same molecular and structural formulas but with
different spatial arrangements.  An example would be 1,2-dichloroethene (1,2-
dichloroethylene), the two forms of which (called Z for "same side" and E for
"opposite side" of the C=C bond) are illustrated below.  The two isomers have
different physical and chemical properties.

 

                               

(Z)-1,2-dichloroethene              (E)-1,2-dichloroethene 

(c) Alkynes
When two carbon atoms are joined by a triple bond, each C atom has only one
remaining valence which is bonded to either another C atom or an H atom.  In either
case, both C atoms joined by the triple bond and the two other atoms to which they are 
bonded are all in a linear arrangement.  Thus ethyne (acetylene) has the molecular
shape shown below with all four atoms colinear as represented in the following
diagrams.
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PRACTICE QUESTIONS.

1. Draw and name the structural formulas for the five constitutional isomers of the

6 14alkane C H .  Give both the full structural formulas and the line/bond version for each.

2.  Draw and name the structural formulas for the five constitutional isomers of the

5 10alkenes which have the molecular formula C H

ANSWERS.
1. 
                    hexane

                               

                                    3-methylpentane

                                    2-methylpentane

                                       

                                                  2,3-dimethylbutane

                                                     2,2-dimethylbutane
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2.  

                     1-pentene

                                  2-pentene

                                        2-methyl-2-butene

                                   3-methyl-1-butene

                                   2-methyl-1-butene
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REACTIONS OF ALIPHATIC HYDROCARBON COMPOUNDS.

(a) Alkanes
The C!C and C!H bonds of alkanes are very stable and consequently this family of
hydrocarbons undergoes few reactions.  In general with all hydrocarbon compounds,
the alkanes will burn in air (combustion) and this is the main use to which they are put,
serving as fuels in the form of natural gas, petrol and diesel.  In excess oxygen,
hydrocarbons undergoing combustion will be converted to the gaseous products,
carbon dioxide and water.  The following equation is for the complete combustion of
methane.

4 2 2 2                                          CH  + 2O     v    CO  + 2H O

(b) Alkenes
Because of the double bond present in alkenes, this family of hydrocarbons is very
reactive.  The high concentration of electrons between the two atoms in the C=C bond
makes this bond vulnerable to attack by a number of other molecules which are
attracted to the charge.  Species which are attracted to a region of high negative charge

in a molecule are called ELECTROPHILES (literal translation “electron loving”). 
The result of this type of reaction in alkenes is that the second bond between the C
atoms is broken and each of the two free valencies is used to bond to two incoming
atoms or groups.  This type of reaction is called an ADDITION REACTION because
the incoming molecule has added to the alkene at the place where the double bond was
located.  For example, halogens such as chlorine react to form a compound where the
C=C bond  is converted to a C!C bond and each of the two C atoms forms a bond to
a halogen atom.  This is illustrated by the following equation for the reaction of ethene
(ethylene) with chlorine.   

      +            v      1,2-dichloroethane                 

                                    

Examples of other molecules that undergo similar electrophilic addition reactions with
the double bond of an alkene include:

(i) hydrogen halides

     +     v            chloroethane (ethyl chloride)

(ii) water

 
   +        v         ethanol (ethyl alcohol)
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The product of the last reaction, ethanol, is an example of the alcohol functional group.
[Note that the last reaction requires the presence of dilute sulfuric acid as a catalyst.]

(c) Alkynes
Alkynes have an even greater concentration of electrons between the two carbon atoms
which are joined by the triple bond in this family of hydrocarbons.  The reactions of
alkynes are similar to those of alkenes, namely addition reactions, but with two
incoming molecules instead of one joining to the triple bonded C atoms.
For example, two molecules of halogens such as bromine react with ethyne (acetylene)
as shown in the following equation.
 

 
    +    2        v      
                                                                    

                                              
       1,1,2,2-tetrabromoethane   

OXIDATION AND REDUCTION REACTIONS OF ORGANIC COMPOUNDS.
In Topic 11, it was pointed out that initially oxidation reactions were thought of as
those reactions where a substance combined with oxygen such as the combustion of
an element in air, and that later it was extended to include the combination of an
element with other non-metals such as halogens and sulfur.  These definitions of
oxidation reactions were largely supplanted when it was realized that oxidation
reactions are those in which an element or compound loses electrons to another
species, the oxidant or oxidizing agent, which itself undergoes reduction by accepting
the electrons.  However, in organic chemistry it is generally much more convenient to
recognise an oxidation reaction as one in which a compound gains oxygen atoms or
loses hydrogen atoms in the reaction rather than trying to use oxidation numbers and
ion-electron half equations.  Likewise, organic chemists find it much more convenient
to define a reduction reaction as one in which a compound loses oxygen atoms or gains
hydrogen atoms.  The following examples illustrate the concept of oxidation and
reduction reactions involving hydrocarbons.

Oxidation of an alkane: combustion of methane

4 2 2 2CH  + 2O     v    CO  + 2H O

The C atom has gained O atoms in the reaction.
[This approach can be reconciled with the oxidation number method used in Topic 11
to determine which atoms are oxidized by their oxidation number increasing as
follows:
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The oxidation number of H in all covalent compounds is +I, so the oxidation number 
of C in CH4 is !IV.  In the product, CO2, the oxidation number of O is !II so the 
oxidation number of the C atom is now +IV.  Therefore in the reaction, the carbon 
atom increases its oxidation number from !IV to +IV and hence CH4 has undergone 
an oxidation.  This fact is clearly much easier to establish by noting that the compound 
has gained O atoms.]

Reduction of an alkene:  ethene (ethylene) reduced to ethane by mixing with 
hydrogen in the presence of a palladium catalyst.

CH2=CH2   +  H2      v      CH3!CH3

The C atoms have each gained an H atom in the reaction.

[Again, using the oxidation number concept, the oxidation number of each C atom in 
ethene is !II and in ethane is !III, a decrease in oxidation number, and so ethene has 
been reduced.  Note that a bond between two identical atoms is regarded as having the 
electrons shared equally and thus makes no contribution to the oxidation number of 
either atom.  This is the reason why the oxidation number of O atoms in peroxides 
(which all contain an O!O bond) is !I instead of !II as in other oxygen-containing 
compounds,]




