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Topic 6 : Structures and Reactions of Hydrocarbons  revised April 1995

Hydrocarbons all contain Carbon and Hydrogen only. There are various
famlies of hydrocarbons (subsets of the set of hydrocarbons) known
as honol ogous series. Wthin each famly the conpounds have siml ar
chem cal properties.

Each nenber differs fromthe next by the group CH,.

We shall consider three of these famlies :

1. Alkanes (General formula : CH,,.,,)

Al nanes end in - ANE

Name Full structural Shortened structural Molecular
formula formula formula

|I_|

Methane H—IC—H CH, CHy
H
i

Ethane H—IC—IC—H CI-13CI-|3 C2H6
HH
AN

Propane H-C-C-C-H CI-130H C.H

P R Kty 38

HHH
Py

Butane H—IC—IC—F—IC—H CH;CH,CH,CH, C4H10
P

Pentane H-C-C-C-C-C-H CH,CH C.H
Cror T GO O, CH O 5 12
HHHHH
AN

Hexane H—IC— IC— F— IC— IC— F— H CH3CH, CH, CH,CH, CH, C6 H14
HHHHHH
NN

Heptane HC-CCCCCCH CI-130H CH CH2C|-|2C1-1201-13 C_H

P Frrr T 272 716

HHHHHHH
ppyeeeery

Octane H—IC— IC— F— IC— IC— F— IC— IC— H CH,CH, CH, CH, CH, CH,CH,CH, C8 H18
HHHHHHHMH

etc

Met hane is used in natural gas ; Butane is used in lighter fuel ;
Cctane is used in petrol.



Note that as nol ecul ar size increases so the boiling points increase.

This is reflected in the physical state at roomtenperature (20 0C)

C -G gases
G - Cg liquids
> Cig solids

The al kanes are all saturated : each Carbon atomforns four bonds
to four other atons.

Reacti ons of Al kanes (e.g. Ethane) with Brom ne

H H H H
| | w | |

Br, H G CH -> HGGCH HBr
| | | |
HH H Br

Col ourl ess

This is a substitution reaction (Br substitutes H). It is slow The
brown col our of the Brom ne gradual |y becomes col ourl ess. The acidic
gas, Hydrogen brom de HBr, is given off. The reaction only occurs in
ultra violet light (UV breaks the Br-Br bond).

2. Cycloalkanes (General formula : CH,,)

Name Structural fornul a Mol ecul ar formul a

H H

N/

/C\

Cycl opr opane H- ?— ?— H C_H
H H

|
Cycl obut ane H-C- C-H
H-C- C- H C,H

Cycl opent ane I I
H CH

Cycl ohexane
CH

etc

The cycl oal kanes are all saturated.
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3. Alkenes (General fornmula : GH,,))

All nanmes end in - ENE

Name Full structural Shortened structural Mol ecul ar
formul a formul a formul a
H H
Et hene \C:C/ CH_CH C.H
/ AN 2 2 2 4
H H
H H /H
Pr opene H- .C_ C=C\ CH3CHCH2 C3H6
H H
HHH /H
But ene H_'CH_(':H_C:C\H CH3CH2CHCH2 C4H8

HHHH /H
Pent ene H-C-C-C-C=C CH_CH_CH_CHCH C_H
1 1 1 \ 3 2 2 2
HHH H

HHHHH /H
Hexene H-C-C-C-C-C=C CH_CH_CH_CH_CHCH C.H
1 1 1 1 \ 3 2 2 2 2
HHHH H

The Al kenes are all unsaturated : some of the Carbon atons form FOUR
bonds to |l ess than four other atons. Unsaturated conpounds contain
C=C ; saturated conmpounds contain only CC

The Reaction of Al kenes (e.qg. Ethene) with Brom ne

H H
H\ /H I |
Br2 /C:Ci —> H- C- C- H
I I
H H Br Br

col ourl ess

The reaction is fast and does not require W light. The Brom ne turns

frombrown to colourless inmediately. This reaction can be used to

di stingui sh between saturated (G C and unsaturated (C=C) conpounds

(Saturated conpounds decol ourise Bromne slowy and only in W
[ight).
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The Reaction of Al kenes (e.qg. Ethene) with Hydrogen

H H HoH
N / Ni | |

H C=C — H-C-C- H
2 H/ \H I I
H H

Reaction of an Al kene (e.g. Ethene) wi th Hydrogen, known as

hydr ogenati on, gives the correspondi ng al kane (e.g. Ethane). Powdered
N ckel catalyst is required.

Both the reaction of Brom ne and Hydrogen with Al kenes are descri bed
as addition reactions : they involve the addition of one nol ecul e
across a C=C doubl e bond.

Isomers

| soners are conpounds whi ch have the sane nol ecul ar fornula but a
different structural fornmula. Propene and Cycl opropane are isoners.
Here are another two :

Py ot
H—C—C—C—C—H and H—C— C_CI:_H
| | | | | |
H H H H H /CI:\ H
H | H
Cracking

There are not enough of the shorter chain hydrocarbons (G - C) in
crude oil to neet the world demand for petrol. Crude oil has,
however, plenty |ong chain hydrocarbons. In cracking, the crude oi
is heated. This nmakes the big nolecules vibrate so violently that
they break apart formng snmaller nol ecules. Since bond breaking is
random the products are mxed and variable ; some are saturated ;
others are unsaturated. There are two nethods of cracking :

1. Thermal cracking

This is achieved by a high tenperature using heat al one.

7
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The followi ng reaction nay be one of many which occur

heat

CroHas > B GH,  + Gy + W o+ C

The gas obtained is mainly Ethene. It burns with a yellow
fl ame and decol ouri ses Brom ne water.

Catalytic Cracking

A LONtenperature, high pressure and catal yst (A um nium
silicate) are used. A lower tenperature is used to avoid the
conpl ete break up to Ethene found with thermal cracking. At

| ower tenperatures, though, the reaction is nmuch slower. A
catalyst is therefore required to speed up the reaction.
Larger nol ecules, nore suitable for use in petrol, are
formed. The follow ng reaction may be one of many which
occur

heat

CieHa4 ->  GHg + T
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