Organic chemistry 
Fuels 
1  Name the fossil fuels: coal, natural gas and petroleum 
2  Name methane as the main constituent of natural gas 
3  State that hydrocarbons are compounds that contain hydrogen and carbon only 
4  State that petroleum is a mixture of hydrocarbons 
5  Describe the separation of petroleum into useful fractions by fractional distillation 
6  Describe how the properties of fractions obtained from petroleum change from the bottom to the top of the fractionating column, limited to: 
(a)  decreasing chain length
(b)  higher volatility (easily evaporated)
(c)  lower boiling points 
(d)  lower viscosity (sticky, adhesiveness)
7 Name the uses of the fractions as: 
(a)  refinery gas fraction for gas used in heating and cooking 
(b)  gasoline / petrol fraction for fuel used in cars 
(c)  naphtha fraction as a chemical feedstock 
(d)  kerosene / paraffin fraction for jet fuel 
(e)  diesel oil / gas oil fraction for fuel used in diesel engines 
(f)  fuel oil fraction for fuel used in ships and home heating systems 
(g)  lubricating oil fraction for lubricants, waxes and polishes 
(h)  bitumen fraction for making roads 
Formulae, functional groups and terminology 
1  Draw and interpret the displayed formula of a molecule to show all the atoms and all the bonds 
2  Write and interpret general formulae of compounds in the same homologous series, limited to: 
(a) alkanes,CnH2n+2
(b) alkenes, CnH2n
(c) alcohols,CnH2n+1OH
(d) carboxylic acids, CnH2n+1COOH 
3  Identify a functional group as an atom or group of atoms that determine the chemical properties of a homologous series 
4  State that a homologous series is a family of similar compounds with similar chemical properties due to the presence of the same functional group 
5  State that a saturated compound has molecules in which all carbon–carbon bonds are single bonds 
6  State that an unsaturated compound has molecules in which one or more carbon–carbon bonds are not single bonds 
7  State that a structural formula is an unambiguous description of the way the atoms in a molecule are arranged, including CH2=CH2, CH3CH2OH, CH3COOCH3 
8  Define structural isomers as compounds with the same molecular formula, but different structural formulae, including C4H10 as CH3CH2CH2CH3 and CH3CH(CH3)CH3 and C4H8 as CH3CH2CH=CH2 and CH3CH=CHCH3 
9 Describe the general characteristics of a homologous series as: 
(a)  having the same functional group 
(b)  having the same general formula 
(c)  differing from one member to the next by a –CH2– unit 
(d)  displaying a trend in physical properties 
(e)  sharing similar chemical properties 
Naming organic compounds 
1  Name and draw the displayed formulae of: 
(a)  methane and ethane 
(b)  ethene 
(c)  ethanol 
(d)  ethanoic acid 
(e)  the products of the reactions stated in sections 11.4–11.7 
2  State the type of compound present, given a chemical name ending in -ane, -ene, -ol, or -oic acid or from a molecular formula or displayed formula 
3 Name and draw the structural and displayed formulae of unbranched: 
(a)  alkanes 
(b)  alkenes, including but-1-ene and but-2-ene 
(c)  alcohols,including
propan-1-ol, propan-2-ol, butan-1-ol and butan-2-ol 
(d)  carboxylic acids 
containing up to four carbon atoms per molecule 
4 Name and draw the displayed formulae of the unbranched esters which can be made from unbranched alcohols and carboxylic acids, each containing up to four carbon atoms 
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2-methylpropane                  CH3CH(CH3)CH3
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21.1 Organic Compounds

hamlng Outcome — You should be able to:
* define a homologous series.

Organic compounds can be naturally occurring or synthetic (
food we eat and even our hair are examples of natural orgal
Examples of synthetic organic compounds include plastics
modern medicines. ?

man-made). The
nic compounds,
detergents and

Organic compounds, with a few exceptions, are compounds that contain thi

element carbon. Most organic compounds also contain hydrogen. Or, an'e
comp(?unds that contain only hydrogen and carbon are called hydvovt;arlimlsc
Orgaplc compounds may also contain other elements such as oxygen.
chlorine and nitrogen. :

Homologous Series

There are millions of different organic compounds. It would be difficult to
study organic chemistry without classifying them. Therefore, related organic
compounds are grouped into families called homologous series.

What is a homologous series?

A homologous series is a y of organic compounds with the same

functional group and similar chemical properties.

Examples of homologous series are alkanes, alkenes, alcohols and
carboxylic acids.

an open mind :
Il:?tehpelnegarly 1g:h century, chemists believed that all organic
compounds came from plants and animals and‘c_ould only. be
formed in the tissues of living organisms by a ‘vital for:ef'rorn
They were sure they could not create: organic com;:;ouv:n asn
inorganic materials. However, Friedrich Wohler, 'a |ercreated
chemist, disproved this theory when h_e unknqwmg ")" i
an organic compound, urea, from two inorganic comp

i ke
It is important that we always keep an open mind "atrl\:sn:; ;:Ied
accepted scientific theories for granted. What qua
Waéhler to achieve success?

01882
« Friedrich Wahler (180f; 5
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What Is @ functional group?

\ functional group is an atom or £roup of atom

s S that
its charac teristic properties.

give

5 @ molecule

organic compounds in the same homologous
ceries have similar  chemical properties
pecause they have the same functional group.

Table 21.1 shows four homologous series
(alkanes, alkenes, alcohols and carboxylic
acids) and their respective functional groups.

A Citric acid (in citrus fruits) and ethan
£ 0IC aci
carboxylic acids. They belong to the same no:
have the same functional group and similar ch
v Table 21.1°Some homologous series and their functional groups

Functional group: Example: Functional group: Example: ‘
= N 2

Alkanes do not have ']‘ 'l" "l‘ c=C ','l l',‘ I:‘

any functional groups. H-C-C-C-H Z D H-C-C=C-H

There are only C-C S e carbon-carbon !

| and C-H bonds. H H H double bond g

Functional group: Example: Functional group: Example:
HoH 0 b2
-0- n -Cc-C-0-H
e o-H Hee-c-0-H D H=CI=Gl=0
1)

hydroxyl group H H carboxyl group

What are the general characteristics of a homologous ﬁ:"ﬂowing

Organic compounds in the same homologous series have

tharacteristics:

* They have the same functional group-

* They have similar chemical properties.

* There is a gradual change in their physica
Series from one member to the next.

| properties as we go down the

series in greater
e shall discuss the characteristics of each homologous
tail in Chapters 22 and 23.

An Introduction to Organic C
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Naming Organic Compounds
The name of an organic compound is divided into two parts:

ot The first part (prefix) tells us the number o carbol
) n
bon atoms i

Vv Table 21.2 Prefixes in naming organic compounds

meth—

Number of carbon atoms per molecule one

2. The second part (suffix) tells us which homologous series the compound
belongs to.

but-

four

v Table 21.3 Suffixes in naming organic compounds

EE - | e | o | s
alkane alkene alcohol car:;;yllc

For example, propene is an alkene with three carbon atoms per molecule

and ethanol is an alcohol with two carbon atoms per molecule.

prop ene eth ol
H / \T i l
H-C-C=C-H Bt 90
1 (]
H H H il

ethanol

propene

Name the functional group in each of the following

i al5

ontain ] ' '
anic compounds: e

og(-mlvl (()5 Butanol (b) Propene (c) Ethanoic @
s we

A r be
Lo 2. Glycolic acid is found in sugar.cane andt'.t:jlﬁzral
o ; Lactic acid is found in sour milk. _Th:dsd e

i formulae of glycolic acid and lactic

: ? g shown below.
, with : o
roup and H 0 i
erties. _o_(l;_c—o—H H—?—?
ous series H : o s
e i ctic acid
c acids. Glveolic acid La
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Organic compounds contain
carbon and often hydrogen,
oxygen and nitrogen as well.

A hydrocarbon is an organic
compound containing only
hydrogen and carbon.

A homologous series is a family
of organic compounds with

the same functional group and
similar chemical properties.
Examples of homologous series
are the alkanes, alkenes,
alcohols and carboxylic acids.
The name of an organic
compound is divided into two
parts. The prefix indicates the
number of carbon atoms in mmo:
molecule and the suffix identifies

the homologous series.

Name the functional group in each of the following
organic compounds:
(a) Butanol (b) Propene (c) Ethanoic acid

Glycolic acid is found in sugarcane and sugar beet.
Lactic acid is found in sour milk. The structural
formulae of glycolic acid and lactic acid are

shown below.
R ﬁ_w H 0= H O
Hi=0=C=l6=0=H " H~= o olllo 0-H
r 1 :
Glycolic acid Lactic acid

Do glycolic acid and lactic acid belong to the same
homologous series? Give a reason for your answer.
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2 Petroleum and Nat
21. and Natura| gag
ing Outcomes — You should be ap,
+ describe petroleum as a mixture of hydrog le to:
+ name natural gas and petroleum as sou’carbons;
» describe the fractional distillation of De(m?s of energy;
© name the petroleum fractions and state \h:i\ﬂ;e
S.

Many items that we use in daily life, such as
gisinfectants and even drugs, are organic cof
in fact, manufactured from petroleum!

plastics, food, f
. , fuels, soaps,
mpounds. Most of these a?e.

goth petroleum (also called crude oil) and
na i
are commonly used as sources of energy. e oo foggl fuctd They

(mainly alkanes).

% Petroleum is a naturally occurring mixture of hydrocarbonis

Natural gas is mostly made up of methane (abou
t 70-90%), and oth
short-chain alkanes such as ethane (about 0-20%), propane :;)nd butane.er

Formation of Petroleum and Natural Gas

v Fig
it i extrac
@ Millions of years ago, tiny sea e .
creatures and plants sank
to the seabed when they
died. The dead creatures and
plants were slowly covered by
mud and sand.

@ Heat from the Earth and
pressure acted on these
organisms over millions
of years, eventually

producing petroleum

natural gas-

and

© Ppetroleu
are often found in UNCELS e
deposits hu! 2
of metres below
the earth. DeeP

be drilled to g6t

An Introduction
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Fractional Distillation of Petroleum
(’oani::ve‘ K:aml about Petroleum is a dark brown, foul-smelling liquid that does not flow easily,
nal distillation It must be refined or separ: iean
einal detliglon niedn parated into fractions (or parts) before it can
he changes that occur )
n the fractionating A a :
R e Petroleum can be separated into useful fractions by fractional
f liquids undergoes
ractional distillation

distillation.

Each petroleum fraction is a mixture of hydrocarbons which boils over a
certain temperature range.

* Lighter fractions consist of smaller hydrocarbons.

* Heavier fractions consist of bigger hydrocarbons.

How is petroleum separated in an ol refinery?
In oil refineries, the hydrocarbons in petroleum are separated by fractional
distillation through the following stages:

« As the hot vapour rises up the column, it |
begins to cool and condense.

* Lighter fractions have lower boiling points.
They are collected at the top of the
fractionating column as gases.

« Heavier fractions have higher boiling points.
They are collected at the lower sections of
the fractionating colt .

———————m———
L fractionating |

column
« In the furnace, petroleum
is heated and turned into
a vapour. e
« The vapour is passed into
the fractionating column. ;{‘ I l'

m
and the uses of the petroleV

i ery.
Fractional distillation of petroleum in an oil refinery,
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he Uses of lhg different petroIeUm? :

, Lighter fractions with fewer carbractuons
petroleum gas and petrol goog fue|on atol

, Heavier fractions are thick and Viss

de
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C,toC,
petroleum gas :

— i fuel for cooking and heating
b.p.: <40% k

C,toCyy
petrol (gasoline)
fuel for motorcars

b.p.: 40-75°C

C.toC 1

naphth: feedstock (raw material) for
making petrochemicals such

b.p.: 90-150°C as plastics and detergents

. <
erloosC16 i fuel for aircraft engines,
ene (paraffin) cooking using oil stoves

and heating

b.p.: 150-240°C
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1.
2,
3.
4.

Petroleum (crude oil) and natural £as are important energy sources.
Petroleum is a mixture of hydrocarbons (mainly alkanes),
Natural gas consists mostly of methane.

In an oil refinery, petroleum is separated into useful fractions by fractional distillati
I ) ation, actions
and their uses are summarised in the table below. el

Bolling Number of
point carbon atoms
range/°C per molecule
petroleum gas below 40 1-4 fuel for cooking and heating
petrol (gasoline) 40-75 5-10 fuel for motorcars
naphtha 90-150 7-14 feedstock (raw material) for the petrochemical
industry (which produces plastics, detergents, etc)
f rmamwmr,m: 150-240 9-16 fuel for aircraft engines, cooking using oil stoves

(paraffin) and heating

diesel oil wwonwmo 15-25 fuel for diesel engines in buses, lorries and trains
Jnmznm@i,ﬁ o__ e 300-350 20-35 for lubricating machines; for making waxes and
polishes

‘c‘.‘”py\m‘r}%. = rmco,\m 350 more than 70 for paving road surfaces; for roofing

(asphalt/residue) .énm -
ucing qp,
cn:_o_oa on

g s

Szw:?HJ.m
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21.3 Competing Uses of Petroleum

ming Outcome — You should be able o
, describe the issues related to the competing u:é: 7
Of petroleum,

There is @ limited quantity of petroleum as jt |
il it

petroleum takes mllhons‘of years to form an: A non-enewable resoyrce.

rate than it can be replenished. We are using it at 5 mgne}

are the issues related to the com,

fgure 21.3 lists the issues related to the ug::’;gpgfels of petroleum?
roleum.

Competing uses of petroleum

|

10% (naphtha) used as

petrochemical feedstock:

* Manufacture of plastics,
detergents, medicines,
fertilisers, pesticides and

synthetic rubber

90% used as fuel:

» Generate heat and
electricity

+ Power motor vehicles
and industrial activities

Issues

© The supply of petroleum is limited.
Petroleum is important as a chemical feedstock for the manufacture of daily
products. It is a waste to just “burn’ petroleum away as fuel.

Thus, the two uses are said to compete for this limited supply.

In order to ensure that the supply of petroleum lasts longer for use both as a
fuel and chemical feedstock, we need to conserve petroleum.

—~

‘Ways to conserve petroleum

Use alternative energy sources:
o Alternative fuels (see page 420)
« Solar energy

« Nuclear energy

To produce nuclear energy. nuclgar
plants use fuels such as plun_:mum
and uranium- However, there is a
danger of harmful radiation leaking into
the environment from nuclear plants.

Improve the design of
power stations and
vehicles so that they
use petroleum more
efficiently.

the use of petroleum by
g the number of motor
n the road;
aller cars that

blic transport such
and the MRT.

Figure 21.3 Issues related t© the uses of petroleum
a
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N what you have In Brazil, €thanol obtained from sugarcane is used to run ve

Nt so far, have you Ethanol from Sugarcane provides energy that is renewable and produces
d the answers to less air pollutants as compared to petrol. However, large areas of land are
5 Explore (c)? needed to grow crops for the extraction of ethanol. This may compete with

the use of land for cultivating food crops.
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