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questions

1
a
C4H10, e.g. CH3CH2CH2CH3
b
C5H8, e.g. HCCCH2CH2CH3

c
C6H14, e.g. CH3CH2CH2CH2CH2CH3

d 
C4H8, e.g. CH2CHCH2CH3

2
a
Decane

b
Heptene

c
C9H16 nonyne

d 
C9H18 nonene

3
a
CnH2n – 2 alkyne

b
CnH2n alkene

c
CnH2n – 2 alkyne

d 
CnH2n + 2 alkane

4
a
C5H12(l) + 8O2(g) ( 5CO2(g) + 6H2O(g)

b
2C7H14(l) + 21O2(g) ( 14CO2(g) + 14H2O(g)

c
C6H12(l) + 6O2(g) ( 6CO(g) + 6H2O(g)

d 
C10H22(l) + 6O2(g) ( 9C(s) + CO(g) + 11H2O(g)

5
a
Dispersion forces between octane (C8H18) molecules are stronger than dispersion forces between propane (C3H8) molecules due to their larger molecule size. Stronger dispersion forces result in a higher boiling point.

b
Dispersion forces for butyne (C4H6) are stronger than those for ethyne (C2H2). Stronger forces and larger molecules lead to greater viscosity.

c
The double bond in pentene (C5H10) makes it more reactive than pentane (C5H12).

6 
Sketches required. Semi-structural formulas are:

a 
(CH3)2CHCH2CH3
b
(CH3CH2)2CH(CH2)4CH3
c
CH3CHCHCH2CH3
d 
(CH3)2CHCHCHCH2CH3

7
a
2-methylpentane

b
1-butene

c
2-butene

d 
2-pentyne

8
a
2,2-dimethylbutane

b
2,3-dimethylpent-2-ene

c
2-methylhexane

d 
2-methylpropene

9 
Pentane (C5H12) has straight chain molecules. These molecules pack closely together and are bonded together by dispersion forces. 2-methybutane (C5H12) has branched molecules. These branched molecules do not pack together so closely, leading to weaker dispersion forces and hence a lower boiling point.

10
a
Boiling point increases from fraction 5 to 1.

b
Molecular mass increases from fraction 5 to 1.

c
As molecular mass increases, dispersion forces between molecules increase, hence boiling point increases.

11
a
Alkanes mainly

b
See figure 7.2.2 in the coursebook.

c
The fraction consists of a number of compounds, for example, C1 to C5. The mixture therefore does not have a single boiling point.

d
The composition of crude oil varies with different deposits.

12
a
C2H4
b
C15H32 or C22H46
c
C8H18
d 
C2H2
e 
CH4
f 
C6H14
g 
C22H46
13
a
Alkanols

b
Esters

c
Chloroalkanes

d 
Carboxylic acids

e 
Amines

14 
Sketches required. Semi-structural formulas are:

a 
(CH3)2CHCH2CH3
b
CH3CCl3
c
CH3CH2CHCHCH2CH2Cl

d 
CH3(CH2)3COOH

15
a
Ethylamine or aminoethane or ethanamine
b
3-aminobut-1-ene

c
1,2-dichloroethane

d 
2-hexene

e 
Methanoic acid
f 
4-methylpent-2-ene

16
a
3-methylbutan-2-ol

b
Methylbutanoate

c
1-propylamine or 1-aminopropane
d 
2,3-dichlorobutane

e 
1-chloroprop-1-ene

17
a
Homologous series

b
BP would increase as the size of the molecules increase, due to increasing dispersion forces between molecules.

c
i 
More soluble as the NO2 group is polar, allowing for some dipole–dipole bonding with water

ii 
Less volatile as they have stronger intermolecular bonding and hence higher boiling points

18 
Sketches required. 1-pentanol, 2-pentanol, 3-pentanol, 2-methylbutan-1-ol, 2-methylbutan-2-ol, 3-methylbutan-1-ol, 3-methylbutan-2-ol, 2,2-dimethylpropan-1-ol

19
a
Alkanols have hydrogen bonding between their molecules (in addition to dispersion forces). These bonds are stronger than the dispersion forces found between the alkane molecules, hence boiling points are higher.

b
Dispersion forces become the more significant intermolecular bonds as the hydrocarbon chain length increases. The chain length is similar in the alkanols and alkanes with the same number of carbon atoms, hence boiling points are similar.

20 
Sketches required. Semi-structural formulas: CH3CH2CH2OH, CH3CH(OH)CH3, CH3OCH2CH3

21
a
Sketches required. Semi-structural formulas: CH3CH2OH, CH3(CH2)4CH2OH

b
The –OH group in ethanol has only one possible position, hence no number is needed. In hexanol, the –OH could be placed in a number of positions (e.g. on C1, C2 or C3), hence a number is required to show its position. 
22
a
CH3CH3 
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23
a
CH3CHBr2 or CH2BrCH2Br (by substitution)

b
CH2BrCH2Br only (by addition)

24
a
Addition (or chlorination)

b
n(Cl2) = n(alkene) and n = 
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a
C:H:Br = 
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29

 = 2.44:5.7:0.81 = 3:7:1 ( C3H7Br 

EFM = 123, RMM = 120, MF is (C3H7Br)x where x = 
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b
Sketches required. Semi-structural formulas: CH3CH2CH2Br, CH3CH(Br)CH3
c
1-bromopropane and 2-bromopropane 
d 
CH3CH2CH3 
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a
i
CH3CH2F

ii
CHF3
b
CH2CH2 
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a
i
CH3CHCHCH3 
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CH3CH2CH2CH3 
ii
CH2CH2 
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iii
CH3CH2OH(1) + 3O2(g) ( 2CO2(g) + 3H2O(1) 
iv
CH3CH3 
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b
300(C or UV light

c
Decolourisation of the bromine solution

28
a
CH3COOH, ethanoic acid

b
CH3CH2OH, ethanol

c
CH3COOCH3, methyl ethanoate

d 
CH3CH2CH2OH, propanol

e 
CH2CH2, ethene

29 
Methyl ethanoate, CH3COOCH3; propanoic acid, CH3CH2COOH; ethyl methanoate, HCOOCH2CH3
30
a
The ester is largely non-polar and so will not dissolve in water, a highly polar solvent.

b
Although hexane is a non-polar solvent it is toxic!

31
a
Ester

b
CH3COOCH3
c
CH3OH(1) + CH3COOH(1) 
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 CH3COOCH3(1) + H2O(l)

d 
i 
Methanoic acid and ethanol

ii 
Propanoic acid and methanol

iii 
Methanoic acid and propanol

32
a 
C:H:O = 
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 = 3.33:6.67:3.33 = 1:2:1 ( CH2O

b
EFM = 30, RMM = 60, MF = (CH2O)x where x = 
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c
CH3COOH, ethanoic acid

33 
Sketches required.

a 
Methyl ethanoate, CH3COOCH3
b
Hexyl propanoate, CH3CH2COOC6H13
c
Ethyl propanoate, CH3CH2COOCH2CH3 

34
a
CH3CH2CH3 
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b
C2H4 
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35 
Sketches required.

a and b are addition polymers.

c and d are condensation polymers with ester (-OOC-) and amide (-HNOC-) links respectively.

36
a
CH2CHCH3, propene

b
H2NCH2CH2COOH

37
a
Two or more types of monomer are used.

b
HOCH2C6H10CH2OH and HOOCC6H4COOH

c
Condensation polymerisation involving reactions of alkanol with carboxylic acid groups

Review questions

1
Carbon can form four covalent bonds per atom; can form single, double and triple bonds; can bond to itself to form rings and long-chain molecules; and can covalently bond to many other non-metals.

2
Inorganic: a and d; organic: b, c and e
3
a 
C8H18
b
C8H16
c
C8H14
4
a 
A series of compounds in which each successive member differs by CH2, 
e.g. the alkenes, CnH2n
b
Contains only single C–C bonds, and so is ‘saturated’ with hydrogen atoms, 
e.g. alkanes, CnH2n + 2
c
Compounds that have the same molecular formula but different structural formulas, e.g. butane and methylpropane
d 
A member of the homologous series of unsaturated hydrocarbons with general formula CnH2n
e 
An atom or group of atoms attached to a hydrocarbon stem. These atoms largely dictate the chemical properties of the compound, e.g. the hydroxy group (OH) found in alkanols.
5
a
Same compound

b
Isomers of C6H14
c
Isomers of C4H8O

d 
Same compound

6
a
Chloro, carboxylic acid and ether
b
Amine and carboxylic acid

c
Amine and carboxylic acid

7
a
C7H16, 16

b
C4H8, 8

c
CH3CH2CH2OH, 8

d 
CH3COOCH2CH3, 8

e 
CH3CH2CH2CH2CH2NH2, 13

8
a
CH3(CH2)4CH3. It is the larger alkane, and hence has stronger dispersion forces.

b
NaCl. It is ionically bonded and produces much stronger bonds than the intermolecular bonds in CH3Cl.

c
CH3CH2OH. Hydrogen bonding between molecules is stronger than the dipole–dipole bonds between CH3OCH3 molecules (similar dispersion forces for both).

9
a
2,2-dimethylpropane

b
Methanoic acid

c
Butanoic acid

d 
1-pentanol

e 
Methyl ethanoate

f 
2-butanol

10
a
CH3(CH2)5COOH

b
CH3COOCH3
c
CH3CH(CH3)CH(CH3)CH2CH3
d 
CH3CH2CH2CH2CH2NH2
e 
CH3CH(CH3)CH2C(CH3)2CH2CH2CH3
11 
a
To increase the reaction rate

b
Addition of hydrogen

c
Contains at least one carbon–carbon double or triple bond

d 
A saturated molecule (if hydrogenation is complete)

e 
A hard margarine. Hydrogenation produces saturation in the molecule. The greater the degree of saturation, the higher the melting point of the compound (hence the harder the margarine).

12
a
m(C) = 
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b
Oxygen, m(O) = 0.833 – 0.311 – 0.103 = 0.419 

c
C:H:O = 
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d 
RMM = 32 ( molecular formula is CH3OH

e 
i 
CH3+
ii 
OH+
13
a
U, propanoic acid; V, propene; W, methanol; X, methyl propanoate; 
Y, methylpropane; Z, butanoic acid

b
i 
X and Z

ii 
C4H8O2
c
i 
V

ii 
CH2BrCHBrCH3
iii 
Addition (decolourisation)

d 
U and Z (carboxylic acids)

e 
i 
U and W (propanoic acid and methanol ( methyl propanoate and water)
ii 
Condensation or esterification

14 
m(C) = 
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15 
a 
IV, ethanol (reacts to produce ethanoic acid)

b 
V, hex-1-ene (hexan-1-ol is dehydrated)

c 
II, ethyl ethanoate (when boiled it forms ethanol and ethanoic acid)

d 
I and IV (alkanols)

e 
II (C4H8O2)

16 
A = ethanol, B = ethanoic acid, C = bromoethane, D = 1,2-dichloroethane

17 
Structural formulas required. Semi-structural formulas are:

a 
CH2BrCH2Br

b 
CH3COONa

c 
CH3COOCH2CH3
d 
CH3COOH

18 
a 
C:H:O = 
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b 
CH3CH2CH2OH and CH3CH(OH)CH3
c 
Propan-1-ol and propan-2-ol or 1-propanol and 2-propanol

d 
Propene, CH3CHCH2

19 
a 
Pentanol has hydrogen bonding and dispersion forces between its molecules. These bonds are stronger than the dispersion forces between pentane molecules.

b 
CH3CH2CH2CH2COOH

c 
CH3(CH2)4OH + CH3COOH ( CH3COO(CH2)4CH3 + H2O

d 
CH3CH2CH2CHCH2
20 
a, b
Sketches required. Semi-structural formulas and names are:

A, ethyl propanoate, CH3CH2COOCH2CH3
B, propanoic acid, CH3CH2COOH

C, ethanol, CH3CH2OH

D, ethene, CH2CH2
E, chloroethane, CH3CH2Cl

F, aminoethane, CH3CH2NH2
c 
i 
Addition reaction

ii 
Substitution reaction

Examination questions

Multiple choice

1 
A

2 
D

Extended response

1 
a 
Sketches required. Semi-structural formulas are:

V, ethane, CH3CH3
W, ethene, CH2CH2
X, chloroethane, CH3CH2Cl

Y, ethanol, CH3CH2OH

Z, ethanoic acid, CH3COOH

b 
i 
Substitution (chlorination)

ii 
Addition

iii 
Oxidation

c 
Add Br2. W will decolourise bromine, as an addition reaction occurs. V will not react with bromine.

2 
a 
X
b 
VI
c 
I and V
d 
VI
e 
III 
f 
VI or II
g 
IX
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