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HYDROCARBONS – SUMMARY
ALKANES

• saturated hydrocarbons with the general formula of CnH2n+2 for aliphatic alkanes and CnH2n for 
cyclic alkanes. For example: hexane, C6H14 and cyclohexane, C6H12

• non-polar molecules and their physical properties, such as melting point and solubility is affected by 
induced dipole – induced dipole interactions (chemical bonding)

• C atoms are sp3 hybridised and forms 4 single bonds with other atoms.

Nomenclature
Exercise 1
(a) Draw the structures of 
(i) 3-ethylhexane (ii) 2,2,4-trimethylhexane (iii) 1-ethyl-2-methylcyclopentane
(b) Name the following compounds: (i) CH3C(CH3)2CH2CH3 (ii) CH3CH(C2H5)CH(CH3)CH3

Classification of Carbon atoms and Hydrogen atoms
• primary (1o) carbon atom is attached to only one other 

carbon atom
• secondary (2o) is attached to two others;
• tertiary (3o) to three others;
• quaternary (4o) to four others.

Reactivity
• generally unreactive as they are non-polar and all the bonds (C-C and C-H) are saturated. 
• much of the chemistry of alkanes involves free radical chain reactions, which take place under 

vigorous conditions and usually yield a mixture of products. 
• preparation of alkanes is not suitable for the lab preparation of halogenalkanes due to low yield and 

difficulty in separating the mixture of products.

Exercise 2 - Preparation and Reactions
Reactant Product Reagent Condition Type Obsvn Equation Remarks
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Mechanism – Free Radical Substitution
Reaction: CH4 + 2Cl2 → CH2Cl2 + 2HCl
1. Initiation:

2. Propagation:

3. Termination:

Note: Free radicals are odd electron species, very 
reactive and non-specific. Hence it'll react with 
anything it comes into contact with. 

The mechanism shown is the shortest pathway to 
the required products, not the only possible 
pathway as many other side products could be 
formed.

The required product must be shown at the end of 
the propagation step, not the termination step.

When an excess of X2 is used, a mixture of mono-
substituted and multi-substituted products is 
usually obtained. When an excess of alkane is 
used, mainly mono-substituted products are 
obtained.

Formation of R – R is evidence that the mechanism 
of halogenation of alkanes is by free radical 
substitution, and not by nucleophilic or electrophilic 
substitution.

Exercise 3
(a) When CH3Cl(g) and Cl2(g) are mixed together in the presence of uv light, which one of the following 
compounds is produced in trace amounts by a termination step in the chain reaction?
A. HCl B. CH2=CH2 C. CH2ClCH2Cl D. CH2Cl2
(b) When ethane is subjected to repeated substitution by chlorine, how many of the products are chiral?

Reactivity of Cycloalkanes
• Cycloalkanes undergo chemical reactions similar to those of the acyclic alkanes except for 

cyclopropane and cyclobutane, which experience ring strains as their bond angles are less than 
109.5o (the typical angle when C forms four bonds)

        Bond angle = 60o     Bond angle = 90o

• Hence cyclopropane and cyclobutane are reactive and undergo ring-opening reactions.

Cracking / Pyrolysis of Alkanes
• In order to produce smaller hydrocarbons which are more useful and in greater demand as fuels for 

example, larger alkanes can be broken into smaller alkanes, alkenes and hydrogen by the process 
known as cracking or pyrolyisis, which can be done either at very high temperatures (thermal 
cracking) or using catalyst (catalytic cracking)

Alkanes smaller alkanes + alkenes + H2

2

400 – 600oC with 

or without catalyst
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ALKE  NES  
• unsaturated hydrocarbons due to presence of double bonds (C=C) with general formula of CnH2n

Nomenclature
Exercise 4
(a) Name the following alkenes
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(b) Draw the structures of
(i) 3-methylhex-2-ene (ii) but-1,3-diene (iii) 1-ethyl-2-methylcyclopentene

Preparation: Elimination Reactions and Saytzeff Rule
• alkenes can be prepared from elimination reactions of alcohols and halogenoalkanes

C C
HH

R H
H X                    

• if more than one alkene can be formed, then the more substituted alkene will be the major 
product (Saytzeff Rule)

Mechanism – Electrophilic Addition
Reaction: CH2=CH2 + Br2 → CH2BrCH2Br
1. Electrophilic Attack to form carbocation intermediate

2. Attack of Br- on carbocation
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Electrophilic Addition of HX and Markovnikov Rule
• Alkenes can under addition reaction with HX or H2O to form halogenoalkanes and alcohols

CH2=CH2 + HBr → CH3CH2Br
• If more than one products can be formed, H will join the carbon with more H to form the major product 

(Markovnikov Rule)

                          + HBr  

• Carbocation formed will be attached to more electron-donating R groups, greater dispersion of +ve charge, 
hence more stable, more likely formed and is the major product

more stable less stable
• Eg. CH3CH=CH2   +    HBr             

Modified Markovnikov Rule
• Markovnikov Rule can be extended to include non-H reactants. In addition of HX, H acts as the E+. 

Hence, the E+ will join to the carbon with more H to form the major product.
• Examples: 

CH3CH=CH2  + Br2(aq) 

CH3CH=CH2  +  BrCl

Strong Oxidation and Oxidative Cleavage
• on strong oxidation with hot acidified KMnO4, the C=C bond will be cleaved into 2 fragments. 

What each fragment becomes depends on the groups that are attached to the alkene carbon:
Exercise 5
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Exercise 6 - Preparation and Reactions
Reactant Product Reagent Condition Type Obsvn Equation Remarks
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ARENES
• Benzene is a colourless liquid at room temperature, insoluble in water but soluble in organic 

solvents. It is carcinogenic hence highly toxic.
• Original structure of benzene was thought to be: 
• However, the following facts via this Kekule structure could not be 

accounted for:
◦ all the six C-C bonds have the same length and bond energy is between C-C and C=C bond
◦ benzene undergoes substitution instead of addition reaction.
◦ Actual structure is thermodynamically more stable than the Kekule structure

Resonance Theory and Stability of Benzene
The two Kekule structures are equivalent structures, and according to 
the Resonance theory, benzene is a resonance hybrid of these two 
structures.

Each C atom is sp2 hybridised and uses one hybrid orbital to form a 
sigma bond with an H atom and two hybrid orbitals to form sigma 
bonds with neighbouring C atoms.

Overlapping of all the 6 unhybridised 2pz orbitals result in the 
delocalisation of π electrons to form electron clouds above and 
below the carbon ring

This delocalisation of π electrons gives benzene resonance 
stability hence it does not undergo addition reactions to preserve the 
stability.

Nomenclature
Exercise 7
Name the following compounds:

Mechanism – Electrophilic Substitution
Reaction Nitration Halogenation

Reaction, 
reagents & 
conditions

1. Generate E+

2. Electrophilic 
Substitution

3.Deprotonation 
& regenerate 
catalyst
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Strong oxidation of alkyl side chain
On strong oxidation with hot acidified 
KMnO4, any alkylbenzene with the following 
structure will be oxidised to benzoic acid

Activating/Deactivating Groups and Position of Substitution

Activating and Deactivating Groups
Electron donating group (EDG) makes benzene more electron rich, 
more attractive to electrophile, hence activating (lower temperature 
required, eg 30oC)
Electron withdrawing group (EWG) makes benzene less electron 
rich, less attractive to electrophile, hence deactivating (higher temp 
required, eg 80oC)
2,4 – directing and activating groups
atom directly bonded to benzene has all single bonds
-R     -OH     -OR     -NH2     -NHR     - NR2

2,4 – directing and deactivating groups
halogens     -X
3 – directing and deactivating
atom directly bonded to benzene has multiple bonds
-NO2     -CN     -CHO     -COR     -COOH

Position of Substitution

Exercise 8
Determine the final product when benzene is reacted
(a) first with a mixture of concentrated HNO3 and H2SO4, then with Br2 and FeBr3,
(b) first with Br2 and FeBr3, then with a mixture of concentrated HNO3 and H2SO4

Exercise 9 - Preparation and Reactions
Reactant Product Reagent Condition Type Obsvn Equation Remarks
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