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1: NOMENCLATURE AND STRUCTURE
IN ORGANIC COMPOUNDS

Students should be able to:

1.1 demonstrate an understanding that a
hydrocarbon is composed of carbon and
hydrogen only;

8.1.2 demonstrate an understanding of the terms
empirical and molecular formula and the
relationship between them;

8.1.3 represent organic molecules according to
structural, skeletal, molecular and general
formulae;

8.1.4 calculate empirical and molecular formulae
using data, giving composition by mass;

8.1.5 demonstrate an understanding of the terms
structural formulae, homologous series and
functional groups;

8.1.6 apply International Union of Pure and Applied
Chemistry (IUPAC) rules to naming organic
compounds with up to six carbon atoms;

8.1.9 determine the possible structure and skeletal
formulae of an organic molecule given its
molecular formula.

Bonding in organic
compounds

Organic chemistry is the study of the millions of
organic compounds which contain carbon bonded
by covalent bonds. Organic chemicals have a huge
range of uses — in pharmaceutical drugs, cosmetics,
paints, clothes and plastics. All organic compounds
contain carbon. The chemistry of carbon is vast; there
are in excess of ten million known carbon compounds.
Carbon can form so many compounds because:

o acarbon atom can form bonds with other
carbon atoms to make chains and rings;

« acarbon atom can form single or double bonds
to another carbon atom;

» acarbon atom can bond with other atoms — for
example hydrogen, oxygen and chlorine.

Carbon has four electrons in its outer shell, as
shown in the following diagram, and can form four
covalent bonds in all its compounds by sharing the
four outer shell electrons.

— Outer shell

X =Electron
A carbon atom

A covalent bond can be represented by a line. The
four bonds formed by carbon can be single bonds or,
sometimes, a mixture of single bonds and double
bonds as shown below.

| N
H—C—H C=
H H H
There are four single There is a double
bonds from the bond (two bonds)
carbon atom to the between the two
hydrogen atoms. carbon atoms.

Tip: When drawing organic structures count the
number of bonds around carbon - there should
always be four.

Homologous series

To make the study of the large number of carbon
compounds more manageable, carbon compounds
are divided into families called homologous series.

A homologous series is a family of organic
compounds that have:

o the same general formula;
o show similar chemical properties;

o show a gradation in their physical properties;
and

« successive members differ by a ‘CH,’ unit.

Tip: A gradation in physical properties means that
the physical properties change as the number of
carbon atoms in the series increases. This may be an
increase in boiling point for example.
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You will study three homologous series in detail in
this module - the alkanes, alkenes and alcohols. You
also  will come across carboxylic acids,
halogenoalkanes and aldehydes and ketones.

In organic chemistry, compounds are named
according to the number of carbon atoms present.
A prefix shows the length of the carbon chain:

o meth means the organic compound contains
1 carbon atom in the longest carbon chain;

o eth means the organic compound contains
2 carbon atoms in the longest carbon chain;

 prop means the organic compound contains
3 carbon atoms in the longest carbon chain;

o but means the organic compound contains
4 carbon atoms in the longest carbon chain;

o pent means the organic compound contains
5 carbon atoms in the longest carbon chain;

o hex means the organic compound contains
6 carbon atoms in the longest carbon chain.

The name of a compound also has a suffix which
shows the homologous series it belongs to:

o the suffix for alkanes is -ane;
o the suffix for alkenes is -ene;

« the suffix for alcohols is -ol.

You will also learn a little about the following
series, so it is useful to remember their suffixes too:

« the suffix for aldehydes is -al;
o the suffix for ketones is -one;

o the suffix for carboxylic acids is -oic acid.

Tip: Don’t mix up -OL which is an alcohol and -AL
which is an aldehyde.

In the name ethane, the prefix eth tells us that the
compound contains two carbon atoms in the
longest carbon chain, while the suffix -ane tells us
that it is an alkane. Similarly, in the name pentanol,
the prefix pent tells us that the compound contains
five carbon atoms in the longest carbon chain, while
the suffix -ol tells us that it is an alcohol.

Worked example
What is the name of a carboxylic acid which has
four carbon atoms?

Answer

4 carbon atoms prefix but

carboxylic acid suffix -oic acid

For acids, you need to add -an to the name.
The name is butanoic acid.

Worked example
What is the name of an alkene with three carbon
atoms?

Answer
3 carbon atoms prefix prop
alkene suffix -ene

The name is propene.

General formulae

All homologous series are represented by a general
formula. A general formula is one involving a variable
number n, which gives the number of carbon atoms
present in the chain. It can be used to work out the
molecular formula of any compound in the
homologous series. The general formulae of some
homologous series are shown in the following table.

General formula

(n = number of
carbon atoms)

Homologous series

Alkanes CH,.,
Alkenes CH,,
Alcohols C,H,, ,OH

The alkane propane has three carbon atoms, n = 3.
The general formulais C H, so thereare 8 hydrogen
atoms ((2x3)+2) and the molecular formula is
CH,.

The alkene ethene has two carbon atoms, n = 2.
The general formula is C H, so there are 4 hydrogen
atoms (2 x 2) and the molecular formula is C H,.

The alkane butanol has four carbon atoms, n = 4.
The general formula is C H, A OH so the molecular
formula is C,H,OH.

The alkanes and alkenes are hydrocarbons. A
hydrocarbon is a compound which contains carbon



and hydrogen only. The alcoholsare nothydrocarbons
because they also contain the element oxygen.

Functional groups

The functional group is the reactive group within a
compound. Each homologous series, apart from the
alkanes, have a functional group, as shown in the
following table.

Homologous series ‘ Functional group

Alkanes No functional group
C=C (carbon carbon

Alkenes double bond)

Alcohols OH (hydroxyl group)

Molecular formulae and empirical

formulae

A molecular formula is a formula which shows the
actual number of atoms of each element in a
molecule. The table below shows the molecular
formulae of three compounds.

Molecular | Number of atoms
Compound
formula present
2 atoms of C,
Ethane CH, 6 atoms of H
3 atoms of C, 7 atoms
Chloropropane CHC of H, 1 atom of C|
. . 2 atoms of C, 4 atoms
Ethanoic acid CH,0, of H, 2 atoms of O

Tip: The functional group is not shown in a
molecular formula. The molecular formula shows
only the simplest ratio of the atoms of each
element. Thus the molecular formula of ethanol is
C,H,0 not C,H,OH, and the molecular formula of
ethanoic acid is C,H,0, not CH,COOH.

An empirical formula is a formula which shows the
simplest whole number ratio of each element in a
compound. The table below shows the molecular
formulae of the same three compounds.

Compound N:z:::::r Empirical formula
Ethane CH, CH,
Chloropropane CHC CHC
Ethanoic acid CH,0, CH,O

1: NOMENCLATURE AND STRUCTURE IN ORGANIC COMPOUNDS

Tip: Notice that the empirical and molecular
formulae of chloropropane are the same.

Worked example
What are the molecular and empirical formulae
of an alcohol with 6 carbons?

Answer
The general formula of an alcohol is C H, | OH

In this case, n = 6, so
2n+1=2x6)+1=12+1=13

So the general formula is C.H ,OH
Therefore the molecular formula is C.H,,O

Finding the molecular formula from

the empirical formula

To find the molecular formula from the empirical
formula the relative formula mass is needed. First
find the mass of the empirical formula, using mass
numbers from the Periodic Table. The molecular
formula will then be a multiple of this, with same
total mass as the relative formula mass.

Tip: Relative formula mass can be represented by
the letters M_or sometimes by the letters RFM.

Worked example

A compound has relative formula mass of 28
and empirical formula CH, What is the
molecular formula of the compound?

Answer
A molecular formula is a multiple (#) of the
empirical formula.

We know that (CH,) =28

Substituting the mass numbers of 12 for carbon
and 1 for hydrogen gives:
(12+(2x1))xn=28
14n =28
n=2
(CH,),=(CH,),=CH,
The molecular formula is C H,



Worked example

The empirical formula of a compound is CH,O
and its relative formula mass is 60. What is the
molecular formula of the compound?

Answer
We know that (CH,O)n = 60

(12+ @2 x 1)+ 16)n=60
30n =60
n=2
(CH,0), = (CH,0),=C,H,0,
The molecular formula is C,H,0,

It is possible to calculate the empirical formula of a
compound using mass data or using percentage
composition data. The general method is as follows:
1. Find the number of moles of each element in the
compound using
mass mass

moles = - . =
relative atomic mass A

r

Tip: Relative atomic mass can be represented as A_
or RAM.

2. Find the simplest ratio of moles. A simple way to
do this is to compare the values of moles and find
the smallest value, then divide all the mole values
by this smaller number.

3. Ifthe mole values are not whole numbers, multiply
by a number to bring to a whole number ensuring
it is still the smallest whole number ratio.

Tip: You may find it helpful to remember the phrase
“To convert mass to mole, divide by smallest,
multiply ‘til whole".

The next two examples demonstrate how to calculate
empirical formulae using mass data.

Worked example

A hydrocarbon contains 1.710 g carbon and
0.287 g hydrogen. The relative formula mass of
the hydrocarbon is 56. Calculate the empirical
and molecular formulae of the hydrocarbon.

Answer
First calculate the number of moles of each
element and then the simplest ratio of moles.

LIFE & HEALTH SCIENCES FOR CCEA A2 LEVEL

Element C H
Mass (g) 1.710 0.287
Moles % =0.1425 Qﬁﬂ =0.287
Ratio (divide by
the smallest e e
XS 01425~ | 014252
moles)

So the empirical formula is CH,

(CH,)n =56
(12+(2x1))n=56
14n =56

n=4

So the molecular formula is C H

Worked example

A sample of 1.16 g of a hydrocarbon contains
0.20 g of hydrogen. It has a relative molecular
mass of 58. Calculate the empirical and molecular
formulae of the hydrocarbon.

Answer

The mass of only one element, hydrogen, is given.
However, because the compoundisahydrocarbon
and made of carbon and hydrogen only, the mass
of carbon can be found by subtraction:

Element C H
1.16 - 0.20
Mass (g) ~096 0.2
Moles 9% 008 | %2= 02
Ratio (divide by the e 02
smallest number of 008" 1 008" 2.5
moles)
Multiply by 2 to get
2 5
to whole numbers

So the empirical formula is C H,

(CH)n =58
(2x12)+(5x1))n =58
29n = 58

n=2

So the molecular formula is CH



The next example demonstrates how to calculate
empirical formulae using percentage data.
Percentage means ‘out of 100’ so you can assume that
the percentages represent the mass of each element in
100 g of the sample. Thereafter, carry out the
calculation in the same way.

Worked example

Find the empirical formula of a compound
which contains 22.2% carbon, 3.7% hydrogen
and 74.1% bromine.

Answer

The percentages tell us that in a sample of 100 g
of this compound there is 22.2 g of carbon,
3.7 g of hydrogen and 74.1 g of bromine

Element C H Br
22.2 3.7 74.1

222 _ 3.7 741 _
Moles 12 = 1.85 ] . 30 0.926

Mass (g)

Ratio
(divide
by the

smallest
number
of
moles)

1.85

_ 37 _, | 0926
0.926

0.926

So the empirical formula is C,H Br

Structural formulae

A structural formula shows the arrangement of
atoms in a molecule, carbon by carbon, with the
attached hydrogens and functional groups, with or
without showing the bonds.

For example, all of the following are valid structural
formulae for ethanol. The second does not show the
bond between O and H, while the third does not
show any bonds and is often called a condensed
structural formula.

H H H H

H—C—C—O0—H H—C—C—OH

H H H H

CH,CH,OH

1: NOMENCLATURE AND STRUCTURE IN ORGANIC COMPOUNDS

Similarly, the following are two structural
formulae for butane. The first shows all the bonds,
while the second does not show any bonds.

H H H H

H—C—C—C—C—H

H H H H

CH,CH,CH_CH,

Writing structural formulae and

condensed structural formulae

The structural formula of butanoic acid with bonds is
shown below. By looking at the vertical lines it is
possible to write the structural formula without the
bonds.

iR o

RN
H—C—+C—+C—+C

ol Nl

HiHIH,

CH, CH, CH, COOH

CH,CH,CH,COOH is a structural formula without
the bonds. This can be shortened further to
CH,(CH,),COOH.

The structural formula of propan-2-ol with bonds
is shown below. (The meaning of the 2’ in the name
will be discussed later in this chapter.) Again, by
looking at the vertical lines, it is possible to write the
formula showing the structure without the bonds.
Note that the OH group is shown in brackets as it is
not part of the main chain, but is bonded to a carbon
atom in the middle of the chain.

CH, CH(OH) CH
CH,CH(OH)CH,

The structural formula of 2-chloropentane with
bonds is shown below, along with the condensed
structural formula. No brackets are needed around
chlorine because it is an atom, not a group of atoms.
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H'H H:H H

| 1 | 1 | 1 | 1 | 2. Then draw in additional bonds so that each
H—C—iC—iC%Ci—C—H carbon has four bonds.

EEREEEEN ]

H ! cl ! H | H | H - C—C—C—C—

CH, CHCl CH, CH, CH,

CH.CHCICH.CH.CH 3. Now draw hydrogen atoms at the end of
’ e each bond.
The structural formula of 2-methylpentane is shown L B
below, along with the condensed structural formula. | | | |
Brackets are needed around CH, because it is a group. H— T — ? — (|: — (|: —H
H H H H H

This is the structural formula. It can also be
written as CH,CH,CH,CH,.

CH, CH(CH) CH, CH, CH, B el
Draw the structural formula of propan-2-ol.
The structural formula of 2-methylpropan-2-ol with Answer
bonds is shown below, along with the condensed 1. The prefix ‘prop’ means three carbons, so
structural formula. Note that the central carbon atom draw three carbon atoms bonded in a row.

has three CH, groups around it, so another way of

writing the formula is (CH,),COH. c—Cc—cC

2. Itis an alcohol and so it has the OH group.

T 3 (|)H 3 T The 2’ means that we draw it in position 2.
Hc 3 c 3 C—H (This will be discussed later in the chapter.)
. ‘|’”
H . CH, « H
! 1 c—Cc—CcC
CH,  C(CH)OH)  CH, 3. Now add bonds so that every carbon has
four bonds.
It is possible to draw a structural formula of a OH
compound, if given its name. This is illustrated in the | | |
following two examples. —C—C—C—
Worked example

4. Add hydrogen atoms to each bond.
H OH H

Answer | | |
1. The prefix ‘but’ means four carbons, so first H—C—C—C—H
draw four carbons bonded in a row | | |

H H H
C—C—C—cC

Draw the structural formula of butane.

This is the structural formula. It can also be
written as CH,CH(OH)CH,
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Nomenclature

The rules for nomenclature (naming) of organic
compounds are based on the IUPAC (International
Union of Pure and Applied Chemistry) system. The
correct chemical name of a compound is often called
the IUPAC name. You must be able to use IUPAC
rules to name organic compounds - either rings or
chains - with up to six carbon atoms.

A name is made up of a prefix, a stem and a suffix.
To determine the chemical name of a compound
from its structural formula, use the following process.

1. Underline the longest carbon chain in the
molecule. Count the number of carbon atoms in
the longest unbranched chain and use the correct
prefix name. For example, in the structure below
the longest unbranched chain has six carbons so
the prefix is ‘hex’.

H H H H H
N
H—C—C—C—C—C—H

L ‘ |

H H H H
H—[C—H

|
H—|C—H

|

H

Tip: In exam questions, watch out for the longest
chain not being drawn completely straight; this is
there to catch you out! Always count the longest

continuous chain.

2. Identify any side groups or substituents. These
are groups which are attached to, but not part of,
the longest chain. Circle them on the structure
and give them names as shown in the table below.

Side group or Name
substituent
-CH, methyl
-CH,CH, (-CH) ethyl
-CH,CH,CH, (-C,H,) propyl
-F fluoro
-Cl chloro
-Br bromo
-l iodo

The structure shown below has a ‘methyl’ side
group on the longest chain.

H H H H (H

H H H ‘ H
H—|C—H

|
H—|C—H

|

H

. Identify the suffix. This will depend on the

functional group. As you have already learned,
alkanes have the suffix “-ane’ alkenes have a
double bond and the suffix “-ene’ and alcohols
have a hydroxyl group and the suffix -ol’.

. All substituents are listed alphabetically. For

example chloro comes before methyl.

. If there is more than one substituent group this is

prefixed with di-, tri-, tetra- and so on. For
example, ‘dichloro’is used if there are two chlorine
atoms (even if they are bonded to different carbon
atoms) and trimethyl is used if there are three
methyl groups (even if each is bonded to a different
carbon atom). Note that the di-, tri- and tetra-
prefixes do not change the alphabetical order.
The order is based on the name of the substituent
group. For example the groups in the name
‘trichlorodifluoro’ are correctly ordered based on
the names of the substituent groups, not the
prefixes ‘tri-" and ‘di-’.

. Each substituent group must have a number to

indicate its position on the carbon chain. This is
often called a locant number and is placed in
front of each substituent group. A separate number
is needed for each substituent. Commas are used
to separate the numbers. Dichloro requires two
locant numbers, one for the position of each
chlorine atom, for example °1,2-dichloro’ or
‘1,1-dichloro’. You can number from either end,
but for the correct name the carbon atoms in the
longest chain are numbered from the end that
gives the lowest locant numbers. You can’t
number from both ends at the same time.
Note that the position of the functional group for
alcohols, and alkenes and ketones must often be
given.

7. Dashes are placed between numbers and letters.




8. If the compound has the carbon atoms arranged
in a ring then the name ‘cyclo’ is added to the
name. Cyclohexane is shown below. We will look
at this in detail later.

The following series of examples demonstrate how to
use this process to name molecules using the [UPAC
system.

Worked example
Give the IUPAC name for the molecule below.

H H H

T

H CH, H

Answer
Underline and name the longest unbranched
carbon chain.

H H H

H—C—C— C—H

H |CH,H

3

There are three carbons so the prefix is ‘prop->

Circle the CH, side group. The name for this
substituent is ‘methyl’

The methyl group is on carbon 2.
So the IUPAC name is 2-methylpropane.
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Worked example
Give the IUPAC name for the molecule below.

H d d H

H—C—C—C—C—H

H H H H

Answer
Underline and name the longest unbranched

carbon chain.
H 9 a) H

H—C—C—C—C—H
|
H H

!
H H

There are four carbons so the prefix is ‘but-’

There are two chloro side groups, so the name
for these substituents is ‘dichloro.

The chloro groups are on carbon 2 and carbon 3.
So the IUPAC name is 2,3-dichlorobutane.

Tip: Number the carbon atoms, as shown
above. This makes it easier to see where the
side groups are attached.

Worked example
Give the IUPAC name for the molecule below.

H d H

H—C—C— C—H

H H F

Answer
Underline and name the longest unbranched
carbon chain.

159

H—C—C—C—H

HH;



