Organic chemistry
IGCSE Chemistry

Organic chemistry is the chemistry of carbon compounds. Carbon is special because it
can join to other carbon atoms to make long chains and rings.

Formulae and key words

There are several ways to write an organic molecule:

e The molecular formula 4313, shows how many of each atom there are, for example
CsHg.

o The displayed formula Z5#4 =X shows every atom and every bond drawn out in full.

e The structural formula 54z shows how the atoms are arranged without draw-
ing every bond, for example CH3CH,;OH.

o The general formula jf =, works for a whole family, for example C,,Hy,,, for alkanes.

A homologous series [6] 2% is a family of compounds with the same functional
group B fEF—the atom or group of atoms that gives the family its chemical properties.
Members of a series have the same general formula, differ by a CHy unit each step, and
have similar chemical properties with a gradual change in physical properties.

Series Functional group General formula
alkanes C—C single bonds only C,Hsg, .o
alkenes C=C double bond C,H,,
alcohols -OH C,Hs,1OH
carboxylic acids —COOH C,H2,,1COOH

H H H H H H

H H H H H H

methane ethane propane
CH4 C2H6 CSHS

each step adds a CHy unit  general formula C,,Ha,, 42

The alkanes are a homologous series: each member has one more CHy unit (general
formula C, Hopio)

A saturated {4 fll compound has only single carbon—carbon bonds. An unsaturated
AMEAFT compound has one or more carbon—carbon bonds that are not single (such as a
C=C double bond).
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ethane CyHg ethene CyHy
saturated: single C—C bond unsaturated: C=C double bond

A saturated compound has only single C-C bonds; an unsaturated one has a C=C double
bond

Structural isomers [f]/) FH4{A& are compounds with the same molecular formula but
different structural formulae. For example, C4H;y can be a straight chain or a branched
chain.

CH3

CH

CH; CH, CHy CH; N

CHs CHs

butane (straight chain)

2-methylpropane (branched)

both have the formula C4Hqp: same formula,
different structure (structural isomers)

Structural isomers: butane and 2-methylpropane share the formula CyHyq but have
different structures

Naming organic compounds

The end of the name tells you the family:

Ending Family Example

-ane alkane methane, ethane
-ene alkene ethene

-ol alcohol ethanol

-oic acid carboxylic acid ethanoic acid

The start of the name tells you the number of carbon atoms: meth- = 1, eth- = 2, prop-
= 3, but- = 4. For longer alkenes and alcohols, a number shows where the functional
group is, for example but-1-ene and but-2-ene, or propan-1-ol and propan-2-ol.



Fuels

An oil refinery separates crude oil into useful fuels by fractional distillation.

Image: Walter Siegmund (talk), CC BY 2.5 (commons.wikimedia.org)

The three fossil fuels {4788} are coal 4, natural gas KIK’F, and petroleum £ 7
(crude oil). Methane H /5 is the main part of natural gas.

A hydrocarbon &4k &%) is a compound made of hydrogen and carbon only.
Petroleum is a mixture of many different hydrocarbons.

Fractional distillation

Petroleum is separated into useful fractions 4y by fractional distillation 4)1H.
The mixture is heated, and the different hydrocarbons turn to gas and rise up a tall
fractionating column 43153 . The column is hot at the bottom and cool at the top,
so each fraction turns back to liquid at a different height.



cooler
A —> refinery gas

—> gasoline (petrol)
—> kerosene (jet fuel)
—> diesel oil

—> fuel oil

—> |ubricating oil
hotter
crude oil in

(heated)

—_— —> bitumen

up the column: smaller molecules,
lower boiling points, more volatile

Fractions separate by boiling point: small molecules leave the cool top, thick bitumen
stays at the hot bottom

Going from the bottom to the top of the column, the fractions have:

o shorter chain length ##{ (smaller molecules);

o higher volatility A&} (they turn to gas more easily);
» lower boiling points;

o lower viscosity %% (they flow more easily).

Fraction Use

refinery gas gas for heating and cooking
gasoline / petrol fuel for cars

naphtha raw material for making chemicals
kerosene / paraffin jet fuel

diesel oil fuel for diesel engines

fuel oil fuel for ships and home heating
lubricating oil lubricants, waxes and polishes
bitumen i making roads

Alkanes

Alkanes %42 have only single covalent bonds, so they are saturated hydrocarbons. They
are generally unreactive. Their two important reactions are:

o Combustion %% they burn in plenty of oxygen to give carbon dioxide and water.
e Substitution with chlorine.

In a substitution reaction HUft 5z V, one atom (or group of atoms) is replaced by
another. Alkanes react with chlorine only in ultraviolet light %£4}Zk—this is a pho-
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tochemical reaction J&{b2% )2 )7, where the light provides the activation energy i
{LHE. For example:

Alkenes

Alkenes /)& have a carbon—carbon double bond (C=C), so they are unsaturated hy-
drocarbons.

Cracking

Large alkane molecules are not very useful. Cracking Z{f breaks them into smaller,
more useful molecules —smaller alkanes and alkenes —using a high temperature and a
catalyst ffi{t5f]. Cracking also makes hydrogen &(’<, and provides alkenes for making
plastics.

large alkane molecule

l heat 4+ catalyst

- - - - 4+ =

smaller alkane alkene (C=C)

Cracking breaks one large alkane into a smaller alkane plus an alkene (with a C=C),
using heat and a catalyst

Worked example. Cracking one molecule of decane, C1qHss, gives octane, CgH;g, and
one other product. Identify it, and say how you would tell the two products apart. Atoms
are conserved, so subtract: carbon 10 — 8 = 2, hydrogen 22 — 18 = 4. The other product
is CoHy, ethene - an alkene, because it fits C,,Hg,. To tell them apart, shake each with
orange bromine water: ethene has a C=C, so it decolourises the bromine water, while
octane is saturated and leaves it orange. Balance a cracking equation by counting atoms
on each side; the alkene is whatever is left over.

Reactions of alkenes

The C=C double bond makes alkenes reactive. They take part in addition reactions
TN ., where two molecules join to form a single product.

o Test for unsaturation: shake the compound with bromine J%& water (which is
orange). An alkene turns the bromine water colourless; an alkane does not change it.
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shake with orange bromine water

N _/

alkene: alkane:
turns colourless stays orange

The bromine water test: an alkene decolourises the orange bromine water (its C=C
reacts), while an alkane leaves it orange

o With hydrogen and a nickel % catalyst, an alkene becomes an alkane.
o With steam Z%7% and an acid catalyst, an alkene becomes an alcohol.

N

Alcohols

Alcohols Ji% contain the ~OH functional group. The most important one is ethanol Z,
fiZ. There are two ways to make ethanol.

glucose
(+ yeast)

ethanol

Two routes to ethanol: fermentation, and hydration of ethene

Method Conditions Notes

fermentation %A% of glucose yeast, 25-35 °C, no oxygen uses renewable sugar, but slow and gives impure ethanol
addition of steam to ethene Z# 300 °C, 60 atm, acid catalyst fast and pure, but uses petroleum (non-renewable)

In fermentation, yeast [} turns glucose #jZj## into ethanol and carbon dioxide.

Ethanol burns well (combustion), so it is used as a fuel. It also dissolves many substances,
so it is used as a solvent JA).



Carboxylic acids

Carboxylic acids ¥4 contain the -COOH functional group. Ethanoic acid Z % is
the one to know. Like other acids, it reacts with:

acid catalyst

acid

A carbozylic acid and an alcohol react to make an ester and water

o metals )& — a salt + hydrogen;
« bases fif — a salt ¥ + water;
« carbonates fifigi — a salt + water + carbon dioxide.

The salts formed are called ethanoates.

Ethanoic acid can be made by the oxidation %5 {t of ethanol, either using acidified
potassium manganate(VII) SE4GRA], or by bacteria during the making of vinegar
fi.

When a carboxylic acid reacts with an alcohol (using an acid catalyst), it forms an ester
fis. For example, ethanol + ethanoic acid — ethyl ethanoate + water. The ester’s
functional group is —COO—, and you name it from its two parents: the alcohol gives the

first part with an -yl ending (ethyl), the acid gives the second part with an -oate ending
(ethanoate). Its displayed formula is CH3-COO-CHa-CHs.

Polymers

A polymer E &Y is a very large molecule built from many small molecules called
monomers HL{A.

Addition polymerisation

In addition polymerisation fI2§, many unsaturated monomers join together with no
other product. For example, many ethene monomers join to make poly(ethene). The
small part that repeats along the chain is the repeat unit B4 FLoC.

I-\ < H H
join up % %:
n X | G— _— —C——C—
I-/ H H n

ethene (monomer) poly(ethene) repeat unit

In addition polymerisation the C=C bonds open up and many ethene monomers join
into a long poly(ethene) chain



Condensation polymerisation

In condensation polymerisation %53, monomers join and a small molecule (usually
water) is lost each time a bond forms. This makes two important types:

o Polyamides E[it}i are made from a dicarboxylic acid and a diamine. Nylon J& ¢,
is a polyamide.

o Polyesters Z[if are made from a dicarboxylic acid and a diol. PET is a polyester,
and it can be broken back into its monomers and re-made.

The new bond joining the monomers is the linkage: an amide linkage it (writ-
ten —CO-NH—) in a polyamide such as nylon, and an ester linkage [i5## (written
—CO-0O—) in a polyester such as PET. A repeat unit is drawn in brackets, e.g. nylon as
—[CO-(CH;)4-CO-NH-(CHs3)¢-NH]|—; in an exam you may be asked to circle the linkage
in a drawn repeat unit.

Plastics and the environment

Plastics ¥} are made from polymers. Because many plastics do not break down,
getting rid of them is a problem:

o they build up in landfill M sites;
e they collect in the oceans and harm sea life;
e burning them can make toxic gases.

Most plastics are non-biodegradable, so waste plastic collects on beaches and in the
oceans for hundreds of years

Image: Marek Slusarczyk (Tupungato) Photo portfolio, CC BY 3.0 (commons.wikimedia.org)



Proteins

Proteins Z5 [4Jfi are natural polyamides. They are made from amino acid Z X[
monomers joined in long chains.

Exam tips

o Learn each homologous series by its functional group and general formula: alkanes
CnHa, 9, alkenes C, Hy,, alcohols —OH, carboxylic acids —COOH.

« The bromine water test for unsaturation: an alkene (with its C=C) turns orange
bromine water colourless; an alkane leaves it orange.

o Cracking breaks large, less useful alkanes into smaller alkanes and alkenes, using
heat and a catalyst.

« Two routes to ethanol: fermentation of glucose (renewable but slow and impure) and
adding steam to ethene (fast and pure, but from petroleum).

o Addition polymerisation joins unsaturated monomers with no other product; con-
densation polymerisation joins monomers and loses a small molecule (usually water)
each time.



