Alkanes

Alkanes are a family of hydrocarbons. This means that they share certain characteristics in common such as chemical

properties. They are Saturated hydrocarbons because they contain only single bonds.

Butane is one of the molecules in the alkane family.

It has the molecular formula C4H10. The molecular formula only tells us the number of atoms of each element in a

molecule. There are 4 carbon atoms and 10 hydrogen atoms in a molecule of butane. ,

Instead, we can use the displayed formula to show us the structure of the molecule.
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Each line represents 1 covalent bond (one pair of shared electrons).
Each carbon atom has 4 covalent bonds to other atoms.
Each hydrogen atom has 1 covalent bond to another atom.

Naming Alkanes (Prefixes)

Butane is the fourth molecule in the alkane family. The “but-“ part of the name refers to the fact that in the molecule

there are 4 carbons in the longest chain (continuous line of carbon atoms).

Number of Carbon Atoms in the Chain Name of hydrocarbon To help you remember

1 Meth- Monkeys
2 Eth- Bt

'3 Prop- Peanut
4 But- Butter
E Pent- Pentagon

B Hex: Hexagon
7 Hept- Heptagon

-8 Oct- Octagon
9 Non- Nonagon
10 Dec- Decagon

Task: Look at the displayed formulae and use the naming alkanes table to fill in the blanks
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Number of carbons = 6
Number of hydrogens = ’éE

Molecular formula =

C6 H“_(.
HF Yanf

Name of alkane =

Number of carbons = 2

Number of hydrogens = lg

Molecular formula = Cg ng

Name of alkane = OC{“(.W\{
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Task: Use the molymods to build the first ten alkanes and then use their structures to help you complete the table.
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General formula for alkanes

The molecular formula for methane is CH4. In 1 molecule of methane there is 1 carbon atom and 4 hydrogen atoms. We
can represent this molecular formula using a general formula which is the same for all alkanes.

The general formula for alkanes is: CoH2ps2 If there are n carbons, there are 2n + 2 hydrogens.

Example 1

A hydrocarbon has a molecule formula of CgH1s. Is the molecule an alkane? N O

(y H (2x8 )22 ~ (g Ltlé’

Example 2

If there are fifteen carbons atoms in an alkane molecule, what is the molecular formula?

(s My
| A (Z)c lS)fl =3)

Task: Use the general formula to answer the following questions.

1) Use the general formula to deduce (work out) which of the following molecular formula are alkanes
a) CaHs ... 6\\2‘”\6 ................ S @"1) +1-9
b) Cstio ..o NO. (5<2) + 2L 12
Q) Cokan pornint N i (TRT) 422 26
d) CoHat oo a \\Cme ............................. (207) 42 - g

e) Cs,7H130‘.‘ ....... ........ NC) ....... (6?_‘7—)4\’()— = \%‘6

2) Use the general formula to deduce (work out) the molecular formula the alkane given the number of carbon atoms

a) 7carbonatoms ... (.?H[g ........................ (7"2) 4216

b) 16 carbonatoms ... (Lé\"gu‘, ......................... (i 6 ﬂ’D#Z‘ =54
c) 29carbonatoms ... Cz.‘.\ ..... b . Cl‘l 1~7..) +1 =50
d) 46carbonatoms ... (6N e (4 6xD) +1= 14

e) 72carbonatoms ... (,;2._....1'.&..{.,_% ................... (?11‘13 x> “{'6
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Empirical formulae

The empirical formula shows the simplest whole number ratio of atoms present in a compound.
So the molecular formula is a multiple of the empirical formula.

TASK: Complete the following table of molecular and empirical formulae:

Molecular formula Empirical formula

CaHs 1.6 =+ \.3 CHs

CioH22 {O . Z’L ClO l-k?.—[_
CHa | -4 C (vL(_
Cshzo q.20 CqHh20

CHe 5.8 (< Hg
Ga @\ viq | (qHa
GHo 23S (L Hs
Cobls 716 (3 Y
Ceti A 43
Aeenes § [ 12

i Catls L, i | (H,
CJHG CH

Tick the ones in the table which are alkanes.

(r\ HZ‘/\«\' )

What other information might tell you how to “unsimplify” an empirical formula into a molecular formula?
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Isomers

Keyword definition

A molecule with the same molecular formula but different displayed formula.

For example C4Hio has two isomers.

Isomer 1 Isomer 2
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Task: Use the Molymods to draw the displayed formulae for the isomers of CsH;; and CgH1a
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Naming isomers

Isomers of butane CsH1o
Rule 1 — Name the longest continuous chain of carbon atoms, and end it with —ane.

e The longest chain is 4 carbons, so butane.

Rule 2 — Remaining side chains will be given the ending =yl. They are placed before the H

longest chain when naming. H@H
e The longest chain is 3 carbons, so propane. ":‘{ H

e There is one carbon left. We call this “methy!”. iy Jy J—
e Therefore methyl propane H H
H

Isomers of pentane, CsHi
Rule 3 - Multiple side chains will use prefixes: 2 is di-, 3 is tri-, 4 is tetra

e The longest chain is 3, so propane
e There are 2 separate, one carbon side chain, so dimethyl
e Therefore the molecule is dimethyl propane

Isomers of hexane, C¢H1a

Rule 4 — When necessary use the lowest number to give the location of each side chain. H
You may have to number the longest chain from the right side to find the lowest H-@H
H H
[

number. (Note — numbers and letters are separated by a hyphen. - l—i
e The longest chain is 4, so butane HQSF-Q? (.:37-
e There are 2 separate, one carbon side chain, so dimethyl H H H H

e One methyl is located on carbon 2 and the other on carbon 3, so 2,3
o' Therefore the molecule is 2,3-dimethyl butane

Task: Use these rules to name the isomers of butane and pentane that you have drawn on the previous page.
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Task: Complete the table with names, displayed formulae and molecular formulae. Every box should contain a name
AND a displayed formula AND a molecular formula.
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Fractional Distillation

Learning Outcomes:

1) Describe and explain how the industrial process of fractional distillation separates crude oil into fractions
2) Recall the names and uses of the main fractions obtained from crude oil :
3) Describe the trend in boiling point, colour and viscosity of the main fractions

Crude oil is a mixture of different hydrocarbons. These can be separated by fractional distillation.

A fraction is a group of compounds that have similar boiling points.

Viscosity is a measure of how easily a fluid flows: Water has a very low viscosity (flows very easily), crude oil has a very
high viscosity, (it doesn’t flow easily).

Fractional distillation of crude oil in the laboratory.

The mixture is separated by heating. Each substance in the mixture
has a different, fixed boiling point (Ty). The different substances
obtained are called “fractions” and they each have a different colour,
viscosity and flammability/volatility.

__— thermometer

side-arm acts as
~—~~  condenser

Why do larger alkanes have higher boiling points? (Think about
properties of simple molecules.)

cold water
heat

require more energy and higher temperatures to overcome, hence they have

higher boiling points.

JHAL N



Michael
Larger alkanes have a larger Mr so have stronger intermolecular forces which require more energy and higher temperatures to overcome, hence they have higher boiling points.


81

Suiepns peoy +0§ uswnig
sdiys 104 |an 0v-0€ [[e}EUE
S31410] JO} [aN4 6T-ST [10 |9s3!@
saue|doJae 40} |and ST-1T EINENIE)|
sied Joj [and rd 7 aujjosen
Suneay
pue 3upjood 40} sed pajiiog v-T | seseo Alauyay
Yidus)

asn

uleyd a8esany

uonpoely

‘sajraniew afie] U JDUNHNT

~ 0 3G

SaindS|0W (|BlWS

AI3UIja1 10 UE Ul |10 9pnJo JO UOIIE||IISIP [eUOIIIel] [BISnpUy]



1)

2)

3)

4)

5)

6)

7)i

Which fraction has the highest viscosity?

%I\LUW\W\

A hydrocarbon has the molecular formula Ci7Hss Which fraction is this?

Db'zSckm O\l

Which fraction is the most volatile?

\K(;Lw,ﬁ 3&3@5
AR ( KJW“B %&>

| evaens

Which fraction has the lightest colour?
Which fraction is used to fuel planes?

An alkane has 3 carbons in its chain. What might it be used for?

Describe how is crude oil separated into various fractions at the refinery?

® ﬂm}rf;«sm{:&«/ ........ sm«wnsa&w{a@k« als
B Ditteork Sizeh bt oduast ok difhered \7&&



8) Suggest why we should try to conserve our reserves of crude oil? {J\

Descrlbe the relationship between the average chain length of the fraction and the boiling point

AS HR. CL\MV\ @v[ju\ u\,wwy& e Lmlﬂj(ymv&
R

10) Explain this,trend. Draw a diagram to illustrate your answer. ' C ¢ F&W
l C - - | ~/
‘Lane WCI ......... \L\ ................... : : THE
) C - C -¢
mm{WlLum ﬁuiq«...f@?(é@&...sz.lim..m.l.egles, Mot TMC
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Reactions of Alkanes

Learning Outcomes:

1) Define the term fuel

2) Recall the possible products of complete and incomplete combustion of hydrocarbons with oxygen in the air
3) Explain why carbon monoxide is poisonous

4) Describe a test for the presence of water

Key definition

A fuel is a substance that, when burned, releases heat energy. This is an exothermic process.

_ Reaction with oxygen (Combustion)

o pump

)
rf‘l)j

—— funnel

1 By U
% o

Ice Water
Method

The products of a burning a fuel, e.g. candle, are drawn through the apparatus by a pump.

1) Describe and explain what happens to the limewater? What does this tell us about what elements are in crude oil?

2) The liquid forms in the first boiling tube. Describe a test to show that the liquid is water. What does this tell us about
what elements are in crude oil?

L Ua«LW ....... l‘w\/\& .............. JNWS ................ Su u{ from Wwf o \o[u{




All alkanes burn in air. If there is enough oxygen in the air they burn completely to give carbon dioxide & water only. This
is complete combustion.

fuel + oxygen > carbon dioxide + water
methane + okygen > carbon dioxide + water
CH4 + 20, > CO, + 2H,0

Task: Now, write the word and the balanced symbol equations for the burning of ethane:

€uw< + OXU&OV\ > carbon dioxide + WO.LW

(rl He, +g\?’ 02 > Zé().?_ + 3 o

O=u+3-9

Task: Write the word & chemical equations for the combustion of the next three alkanes

Propane ?(6\%0,\1 f Oxt;m@y\ —~y CaJacv\cQ(okilw £ nabir
Gtle + SO5 0 ¢ 3o+ Lthp

wir g o O — Clon i o b
Cg Ko -L()"'LOL g 4 £ + Stho

Pentane: P—O/\LO*-Q L OYwm — &,)mvx Jfomﬂ-& + waL*/

(¢ M +§ O _p € (04 + 6rho

v (;&(\k“" Jx(‘())(k‘(lQ “+ WUL"’V/

(h ¥hOn o (CO1  + 7 HhO

Hexane:  [Hen ot + Oxdojm
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Incomplete combustion

If there isn’t enough oxygen then carbon monoxide or carbon (soot) is produced. This is called incomplete combustion.

Carbon monoxide is dangerous:
e jtis toxic % 2 S

e because it reduces the capacity of the blood to carry oxygen
reauces

Possible equations for incomplete combustion of ethane

l
(ol + 29 Ofp —v 200 + 3 H O
G R *\%Oz v 2L + 30

(o Hg v 205 = (O & C+ 3o

Task: How many different chemical equations can you write for the combustion of pentane? |

__________ (e85 0077 30 x 10 + K0,
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Problems with burhing fuels

Apart from any issues with incomplete combustion producing poisonous carbon monoxide, even the complete

combustion of fuels has associated problems:

1) Burning fuels produces carbon dioxide:

w{h ___________________ i P shusfhae

2) Car engines reach a very high temperature:

Problem:

Ea

s
T (ot to pid vwn —lls bvers ond A lales,
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Problems with increasing atmospheric carbon dioxide levels:
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Exam Style Questions

1 The following compounds are found in crude oil:
A CsHs
B CsH1s
C CiaHas
D CigHaa

Which of these compounds:
(a) has the highest boiling point? ((()HS’{—

(b) catches fire most easily? C?)Hg

(c) is collected at the top of the fractional distillation column when crude oil is distilled? (BH g
(d) is the most viscous? CléHM (4)

2 Crude oil is a mixture of many different hydrocarbons.
Write these words into the spaces below: alkanes, compounds, fractions, molecules

(a) Crude oil is separated by distillation into ’f\w’"‘ﬁ“ﬁ containing hydrocarbons with

similar boiling points.
(b) Hydrocarbons with the smallest M\ew{e& have the lowest boiling points.

(c) Hydrocarbons are W\ .......

(d) Crude oil contains .............. MAMM . QAATEVA ... /3 . (4)

30
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The table shows the number of carbon atoms in the molecules of four fuels obtained from crude

oil.

(a)

(b)

(c)

(d)

Petrol ...

A

C

D

The molecule C4H1o could be in ...

A

B

©

D

Fuel

Number of carbon

atoms in molecules

petroleum gases 2-4

petrol 4-10
kerosene 10-15
diesel oil 14-19

has a higher boiling point than diesel oil.

is a thinner liquid than diesel oil.

ignites less easily than kerosene.

has larger molecules than kerosene.

petrol only.

petrol and kerosene.
petrol and petroleum gases.

petroleum gases only.

(1)

(1)

Which one of the following is a saturated hydrocarbon that could be in diesel oil?

A

Ci12Has

CisHs2

Ci7H3s6

Ci1gH30

30
31
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Pentane, CsHy,, is a hydrocarbon fuel. It burns completely in plenty of air.

(a) Name the gas in the air that pentane reacts with when it burns.
O X%(/\/\ (1)
(b) Write a word equation for the combustion of pentane in plenty of air.
P&V\M + OXM ———V C,O"LG\/\ A(OX(L + \'\Hl('e’)/ (2)
(c) Write a chemical equation for this reaction.

(s Hi Q00 NV _S(0 + LH,O @)

(d) When the air supply is limited, the combustion is described as \MCM{L?‘{ (1)
and a poisonous gas is produced. Name this gas.

(b monerde i

(e) Write a chemical equation for the combustion of pentane in a limited supply of air.

,-——47(7 H \Z"‘ ‘;\/2_ O . ~V'6Hzo +: 3&0 *Cbl+ 2) "

™

o my b ek ke o
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5 Crude oil is separated by fractional distillation. In oil refineries this is done in tall towers called

fractionating columns.

petroleum
gases

Give the main steps in this process and explain how
the different fractions are separated in a fractionating
column.

(4)
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(a) Give the molecular formula for hexane

/é L\ 14 SY

(b) Draw the displayed formula for hexane

L4 A A K 4 v
{ | | é {
(-(-C-C-(~C-u

l / ’ ’ l :4

' B

(2)

(c) Draw the displayed formula for 4 other isomers of C¢Hi4 (be careful: there are
only 4; some you might try to draw are the same as others if you twist them around)

e
l

L sli=f= &=L ([
\
Z/MAj\ \Jmk 7ol Tk
%/WM
C
{
frlwl™® ¢

‘ \

C
bl o Lk

(8)
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7 (a) Draw the displayed formula of an alkane containing 3 carbon atoms, and give its name

Mo N e
{ | | d
2, Vol ot 3)
Y (] i
These are the displayed formulae of 6 organic compounds:
1100 T T
|| |
H H H H H H H H H
P Q R
T
H—C—C—C—H
H H H I |
l N H H
H—C—Br /CZC\
| ' ' H—C—H
H
S5 T U
(b) Use the letter above to select
(i) the compound which is not a hydrocarbon | g (1)
(i) the compound which is a hydrocarbon but not an alkane l (1)
(iii) the 2 compounds which are isomers of each other ? T U ' (2)

3
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(c) Explaln what isomers are
‘r\ o\ B’\ ' MAL—QOJL&/

===

ki AM

(2)

(d) What is the general formula of the alkanes?

CV\ M’Ln%l (1)

Decane is a hydrocarbon found in crude oil.

The diagram below shows the structure of a molecule of decane.

H HHHHHHHHH

1 I O
TTTIrrrr
HHHHHHHHHH

(a) Explain why decane is described as a hydrocarbon

VE . M«J,éc,u{e &m“o;mw

)
/M\aaw 4 HJA(D”W ;_/)E)B/_ )

(b) Give the molecular formula for decane é LO H 17 (1)
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