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A homologous series is a family of compounds with
e same general formula
e similar chemical properties.

Patterns are often seen in the physical properties of the members of a homologous series.
o Physical properties include melting points, boiling points, solubility
Melting & boiling points increase as the size of molecule increases for any homologous series
o These changes in physical properties are due the strength of the intermolecular forces
between the molecules.
e Assize of molecule increases, the strength of the intermolecular forces increases

Hydrocarbons are compounds containing only hydrogen and carbon atoms
o alkanes, alkenes and cycloalkanes are examples of homologous series

Compounds containing only carbon-carbon single bonds are described as saturated.
o Alkanes and cycloalkanes are saturated hydrocarbons

Compounds containing at least one carbon-carbon double bond are described as unsaturated.
o Alkenes are unsaturated hydrocarbons

It is possible to distinguish an unsaturated compound from a saturated compound using
bromine solution.

e Unsaturated compounds decolourise bromine solution quickly e.g. alkenes

e  Saturated compounds do not decolourise bromine solution quickly e.g. alkanes and cycloalkanes

6a

The structure of any molecule can be drawn as a full or a shortened structural formula.

H )
H HHCHH H HH-CHH
Full Structural Formula H— &_ é_ é_ é_ &_ H H—CI:: CI—CI—H
HHHHH o
Shortened Structural Formula CH3CH,CH(CH3)CH,CH3 CH>=C(CH3)CH3

6b

[somers are compounds with:
e same molecular formula but different structural formulae

H H
| |
HHCHH H M H HHGHH
H— (II—t:Z— (IZ—(I.'— IC— H H—C—C—C—C—C—H
HHHHH HHHHH
2-methylpentane C¢H14 3-methylpentane C¢H14
e may belong to different homologous series e.g. alkenes and cycloalkanes
H
H -,
H—C—C=C—H /A
HOHH H-C—C—H
b
propene C3He cyclopropane C3Hg

o usually have different physical properties e.g. alkenes decolourise bromine solution

Given a structural formula for a compound, an isomer can be drawn.
[somers can be drawn for a given molecular formula.

CsHs Cs4Hs CsHs CsHg CsHg
; T i
HHHH HHHH |
L L L1 HH-C-HH H—C—C—H H=C
H—C=C—C—C—H|H—C—C=C—C—H L1 | /\
| I | |HC=CCH| H-C-C-H | H-C—C—C—H
H H H H I | [0
H H H H H H
but-1-ene but-2-ene 2-methylpropene cyclobutane methylcyclopropane
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Nat5 Answer |% Correct Reasoning
2016 [XIA but-1-ene shown is exact same structure as right isomer at top of question
Me B 6 1 B same formula (CsHg) but different structure (methylpropene)
12 XIC cyclobutene C4H¢ has a different formula from butene CsHs
XID pent-1,4-diene CsHg has a different formula to butene CsHs
2017 XA X is an alkene .. has C=C double bond .. will decolourise bromine solution quickly
e XIB Y is a cycloalkane .. no C=C double bond .. does not decolourise bromine solution

11

D

83

EIC Y is a cycloalkane .. no C=C double bond .. does not decolourise bromine solution
MD X (alkene) will decolourise bromine and Y (cycloalkane) will not decolourise

2018

MC

10

CsHzo structure drawn is the isomer 3,4-dimethylheptane

XA CoHzo structure is 2,4-dimethylheptane .. different isomer not same structure
[XIB CgH1s structure is 3,4-dimethylhexane .. different formula not same structure
XIC CoHzo structure is 3,3-dimethylheptane .. different isomer not same structure
MD CsHzo structure is 3,4-dimethylheptane .. same formula and same structure

2018

MC

11

CsH14 structure drawn is 2-methylpentane

[XIA Cyclohexane C¢Hiz has different formula so cannot be an isomer of CsHia.

[XIB 2-methylpentane again but drawn different so cannot be an isomer.

MC 3-methylpentane C¢Hi4 so same formula but different structure so is an isomer.
XID 2-methylbutane CsHiz has different formula so cannot be an isomer of Ce¢Hia.

2019

MC

13

XA Cyclopropane C3Hs has an isomer called propene C3Hs

[XIB But-1-ene C4Hsg has isomers including but-2-ene CsHs

[XIC Pentane CsHiz has isomers including 2-methylbutane CsHie.
D Ethene C2Hs has no isomers
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Answer

Reasoning

2014
8bii)

Any structure from:

Correct CsH1OH diagram of:

pentan-1-ol pentan-2-ol pentan-3-ol

2-methylbutan-1-ol 2,2-dimethylpropan-1-ol

2-methylbutan-2-ol 3-methylbutan-2-ol

NB: diagram must be different from 3-methylbutan-1-ol in question and not a
redrawing of same 3-methylbutan-1-ol structure.

2014
9a

Propane and butane are both members of the alkane family and
have the same chemical properties.

They have similar v
chemical properties

They have the same

Propane is C3Hs and Butane is C4H
molecular formula P 38 4H10

The have the same v

All alkanes have the general formula C.Hzn.2
general formula

Alkanes have gradually changing physical properties
e.g. bpt of propane = -42°C and bpt of butane = -1°C

They have the same
physical properties

gfm propane CsHs = 44g
gfm butane CsHio = 58g

The have the same
formula mass

2014 _ Butane C4H10 has more carbons than propane CsHs.
Answer to include: : . .
9b The larger the molecules the higher the boiling point.
2015 Bromine solution is an yellow/orange colour contains molecules of Br.
3byii Bromine decolourises |The solution will decolourise as the bromine adds across the double bond.
(ii) Only C=C double bonds will decolourise bromine solution.
2015 Isomer: same chemical formula but different structural fromula.

12b

Same formula but
different structure

Both structures have the formula CaHs but belong do different homologous
series. Structure A is a alkene with a C=C double bond and Structure B is a
cycloalkane with a ring of carbons.

H H H C=C bond to make each | [ Methyl -CHs | | C=C bond to make each H H H
2016 | | | carbon up to four bonds carbon up to four bonds| | | |
C_ C_ . A On~__ 6 O~ O
| c=c—c=c v =, C=C—C=C
| | | gHzg(CH3)gHgH2 | | |
H CHs  H H CHs H
2017 Same chemical properties .
Homologous series (e.g. alkanes, alkenes, cycloalkanes) have
g9 g9 Y
Oa Same general formula
2017 omers same molecular formula different structural formula
9b (formula) (structure)
2018
4q carbon & hydrogen |A hydrocarbon is a compound containing the elements carbon and hydrogen only.
201 Saturated: All bonds between carbons are single bonds and it does not
8 contains decolourise bromine solution quickly.
90(;) C=C double bond Unsaturated: At least one C=C double bond between carbons and will decolourise
bromine solution quickly.
2018 ) ) Bromine Br; adds across a C=C double bond by addition reaction. Each bromine joins across
Bromine solution  |where the C=C double bond used to be and leaves a C-C single bond in its place.
90(“) decolourises Bromine solution is yellow/orange and decolourises (loses its colour) when it adds across the
C=C double bond.
2018

16a(i)

Homologous Series

Homologous Series are families of compounds that have similar
chemical properties and a general formula.
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2019 . . Bromine adds across C=C double bonds and bromine is decolourised in the
Bromine decolourises

Pa process.
2019 . i
Answer to include: 1 mark: |Cyclopentene has weaker (forces of attraction)
5C(ii) " ||t mark: |Forces between molecules/intermolecular attractions mentioned
Members of the same homologous series have the same/similar properties e.g. all
2019 Same/similar chemical |alkenes will decolourise bromine solution quickly.
properties and same  |The general formula must fit all members of the homologous series e.g. all
70 general formula. alkanes fit the general formula CnHzn2 e.g. methane CHa, ethane C2Hs, propane
C3Hs.
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outeome Int2 |Int2 |Int2 [Int2 |Int2 |Int2 |Int2 | Int2 |Int2 |Int2 |Int2|Int2|Int2|Int2|Int2|Int2
2000(2001(2002|2003|2004|2005|2006|2007|2008|2009|2010| 2011|2012|2013 2014|2015

1 L5a

2 L8b

3

4 mcll

5 L5bg) L14a mclé | L6a L11c@| L8a L8ai

6a mclé

6b mcl3

7 Llb | mcll | mcl0 | mc9 | mclé | mcl0 mclé | mc15 mc10 |L7agiy| mcl6
Int2 | Answer |% Correct Reasoning

2001

llB

89

[XIA pent-2-ene CsHio cannot be an isomer of 2,2-dimethylpropane CsHi2

MB 2-methylbutane CsHiz is an isomer of 2,2-dimethylpropane CsHiz

XIC cyclopentane CsHio cannot be an isomer of 2,2-dimethylpropane CsHiz

XD 2,2-dimethylbutane C¢Hi4 cannot be an isomer of 2,2-dimethylpropane CsHi.

2002

IOB

/3

XA Molecule has formula CsHi4 and has a different formula from heptane C7His
B Both molecules have formula C7Hie but are isomers with different structures
XIC Molecule has formula C7H14 and has a different formula from heptane C7H1¢
XID Molecule has formula C7H14 and has a different formula from heptane C7His

2003

5| D

67

XIA ethane has only the one structure and has no isomers

[XIB ethene has only the one structure and has no isomers

[XIC propane has only the one structure and has no isomers

MD There are two structures for CsHg: propene (in question) and cyclopropane

2004

16B

58

[XIA molecule has same structure as molecule 1 so it not an isomer

MB molecule has same formula CsHs and is an isomer as it has different structure
XIC molecule has formula CsHe so has different formula and is not a formula

XID molecule has formula C4He so has different formula and is not a formula

2005

IOC

92

[XIA CsHio molecule cannot be an isomer as it has a different formula to CsH12
[XIB CsH10 molecule cannot be an isomer as it has a different formula to CsH12
MC Molecules are isomers as they have same formula but different structures
XID C¢H14 molecule cannot be an isomer as it has a different formula to CsH12

2005

llB

66

XA Molecule shown has C=C double bond so it is unsaturated
MB Molecule is unsaturated (C=C double bond) and an alcohol (contains ~-OH group)
[XIC Molecule shown has C=C double bond so it is unsaturated

XID Molecule shown has hydroxyl group so it is an alcohol not a carboxylic acid
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2006 MA Both molecules are the same - Alkane with 5 carbons on main chain

Me A 4 3 [XIB Although the molecules look different, both are alkanes with 5 carbons on main chain
13 [XIC Isomers have same formula and different structures but they are the same
(XID Isotopes have same atomic number but different mass number
2006 XIA Hydrocarbon X is but-1-ene not but-2-ene due to position of C=C double bond
me C 72 XIB Hydrocarbon X is unsaturated due to presence of C=C double bond
16 MC Hydrocarbon X decolourises bromine solution due to C=C double bond

XID Hydrocarbon X has formula is C4Hs so has general formula CnHzn

2007 R A

me Glycerol has the structure:
16 C 66 (Tt is also called propane-1,2,3-triol) H — C| _ f —_ |C —_ H
OH OH OH

2008 XA Formula = C¢Hi4 . Different no. of carbons so not an isomer of heptane C7Hie
e B 73 MB Formula = C7Hie .. an isomer of heptane C7Hie
15 XIC Formula = C7H14 .. Different no. of hydrogens so not an isomer of heptane C7His
XID Formula = C7H14 .. Different no. of hydrogens so not an isomer of heptane C7Hze
Main Chain: Carbon 1 Carbon 2 Carbon 3 Carbon 4 Carbon 5 inbrackets
2009

= A 85 CHsCH(CHs) CH(OH) C(CHs)s

Side chains: -CHjs side group -OH side group 2x -CHjs sidegroups
Isomers have same molecular formula but different structural formula.
2013 Chemical in question has a formula of CsHi2
Me C 90 XIA chemical has a formula of CsHio .. not an isomer because of different formula
10 XIB chemical has a formula of CsHio .. hot an isomer because of different formula

MC chemical has a formula of CsH12 . same formula but different structure
XD chemical has a formula of C¢His .. not an isomer because of different formula

2015 XA structure drawn a molecular formula of CsHi4 but heptane has formula C7Hze
me B 8 2 B structure drawn has formula C7His and a different structure from heptane
16 XIC structure drawn a molecular formula of C7H14 but heptane has formula C7His

XD structure drawn a molecular formula of CsHi2 but heptane has formula C7H1e

© JABchem 2018 7 National 5 Chemistry Self-Study Past Papers




Int2

Answer

Reasoning

2000
1b

)
e
H H H

Same molecular formula e.g. C3HsO
Different structural formula

Isomers

Propan-1-ol: Primary alcohol with -OH group attached to Ci of 3 carbons
Propan-2-ol: Secondary alcohol with -OH group attached to C2 of 3 carbons

2001
5bi)

Gases produced are
unsaturated

The products of cracking contain unsaturated compounds with C=C double
bonds.

2003
14qa

Any correct structure of cyclohexene C¢Hio

C. C
H 7 C 7 H
H H
unsaturated A | CoHia No change saturated |CeéHi4 is hexane: no C=C double bonds
2007 bromine B | C¢H1z | Bromine decolourises | unsaturated |CsHiz is hexene: C=C double bond decolourises bromine
decolourises
60 No change C | CeH12 No change saturated |CeHrz is cyclohexane: no C=C double bonds
unsaturated D | C¢Hig | Bromine decolourises | unsaturated |CsHio is cyclohexene: C=C double bond decolourises Brz
2011 Colourless B Orange/Red
—> i letel d
. colourless orange/red | Bromine added from burette reacts with When L|mor?ene has éomp e're.y r.eac're
11C(|) . . with bromine, bromine remains in the
Limonene in flask and flask stays colourless .
flask and flask is orange/red.
2012

Ba

Answer to include:

Family with similar chemical properties and same general formula

2012
8a

Saturated
Bromine
decolourises
No change
Unsaturated

Hydrocarbon Answer Reasoning
A Saturated  |Hydrocarbons which do not change bromine are saturated
B Bromine decolourises |Unsaturated C¢Hi2 is hexane and decolourises bromine solution
C No change  |Saturated C¢Hi: is cyclohexane and does hot decolourise bromine
D Unsaturated |Hydrocarbons which decolourises bromine quickly are unsaturated

2013
8b

Increase in carbons
increases the viscosity

The higher the number of carbons in a hydrocarbon, the higher the
viscosity (thickness) of the hydrocarbon. The marble will take longer to
fall through the more viscous liquids.

Any CgHis structure
other than
3-methylheptane.

All the isomers of octane are listed below. Be sure not to redraw 3-methylheptane again.

octane

3- e

2-methylheptane

4-methylheptane

2 ,2-dimethylhexane 2,3-dimethylhexane

2014 2 4-dimethylhexane 2 5-dimethylhexane
7aiii) Structure must have 3,3-dimethylhexane 3,4-dimethylhexane
8 carbons 3-ethylhexane 2,3,4-trimethylpentane
18 hydrogens
4 bonds per carbon 2,2,3-trimethylpentane 2,2 4-trimethylpentane
1 bond per hydrogen 2,3,3-trimethylpentane 3-ethyl-2-methylpentane
3-ethyl-3-methylpentane 2,2,3,3-tetramethylbutane
2014 Saturated hydrocarbons contain C-C single bonds in the carbon chain of the

8a(ii

No C=C double bonds

molecule. Unsaturated hydrocarbons contain C=C double bonds (or C=C triple
bonds) which are detected by the decolourisation of bromine solution.
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outeane 2000|2001|2002|2003/2004(2005(2006|2007|2008|2009|2010| 2011 {2012 (2013

Credit|Credit |Credit|Credit|Credit|Credit|Credit|Credit|Credit|Credit|Credit|Credit|Credit |Credit
1 18a | 17a 20a 19b 22a
2
3
4

10a
1

> 10b 6a
6a
6b 10c 20d 16biy| 19b
7
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SG6 Credit Answer Reasoning
2000C | family of compounds with || Henlogous | 4 )ane | Alkene | Cycloalkane | Alcohol Ca';\b‘?zylic
similar chemical properties o cids
18a and a general formula | pem | CoHene CaHzn CiHen | CaHeniOH |CoHeniCOOH
2001C
10a no effect CsHiz is pentane. Alkanes do not decolourise bromine solution
2001¢ CsH12 can be hexene or cyclohexane. As bromine solution is not decolourised it
cyclohexane e Y ' ! !
10b Y cannot have C=C double bonds .. B is cyclohexane
2001¢ Isomers have the same formula but have different structures:
isomers e  Cisacycloalkane with five carbons e.g. cyclopentane
].OC D is an alkene with 5 carbons e.g. pent-1-ene, pent-2-ene, etc.
2001C  |a family of compounds with) | Henslogews | plane | Alkene | Cycloalkane | Alcohol | SPoe
similar chemical properties oo cids
17a and a general formula oot CrHans2 CnHan CiHen | CoHentOH | CiH2niCOOH
il ds wi . . .
2004C f.’ar.m y of co'mpoun s W'Th alkanes, alkenes, cycloalkanes, alcohols and carboxylic acid are all different
similar chemical properties ] . o . .
20a homologous series with similar chemical properties and a general formula.
and a general formula
2004¢ A double bond saves two hydrogens in the formula. A cyclo-ring
20d saves two hydrogens in the formula.
2007¢C
16byiiy isomers Isomers have same molecular formula but different structural formula
ii
2008¢ . Isomers have the same molecular formula but
isomers .
19b different structural formula
2009C Homologous series are families of compounds with similar chemical

19b

Homologous series

properties and a general formula:
e.g. alkanes. akenes, cycloalkanes, alcohols and carboxylic acids

2011C
16a

H
H-C-c=CH
HHH

Propene C3H¢ Cyclopropane C3Hg
H
|
K H—C
H—C—C=C—H / \
T H-C—C—H
i

Decolourises bromine solution

as it contains C=

C double bond

Does not decolourises bromine solution
as it does hot contains C=C double bond

2011C
22a

Family of compounds with
similar chemical properties

Homologous series are families of compounds with similar chemical
properties and gradually changing physical properties.
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Nat5 Past Paper Question Bank
Treffictignts Unit 2.1 Naming and Drawing Hydrocarbons JABChem

2000|2001(2002|2003/2004|2005(2006|2007|2008|2009|2010| 2011 | 2012|2013

General | General | General | General | General | General | General | General | General | General | General | General | General | General

Outcome

3 10a 11a 9a

4 9a 10c¢i)

5 9b 14biiy | 14bgiiy 13bi) 20c | 20b | 15b

6a

6b
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56 General Answer Reasoning
20026 compound containing Hydrocarbons are compoun.ds whi.c.h contain carbon and hydrogen only.
10 carbon & hydrogen only Hydrocarbons often come in families e.g. alkanes, alkenes and
a cycloalkanes
20036 Saturated hydrocarbons have C-C single bonds in them and do not
10csi no C=C bonds decolourise bromine solution. Unsaturated hydrocarbons contain at least
() one C=C double bond which will decolourise bromine solution quickly.
20056
a compound of .
11q carbon and hydrogen only Hydrocarbons contain the elements carbon + hydrogen only
bromine solution decolourises quickly in the presence of C=C
20066 | promine solution is ' ! o ISeS qUIERY ! P ) f .
_ double bonds. This indicated the substance being tested is
14bqii decolourised
unsaturated.
20076
9a Carbon and Hydrogen |Hydrocarbon: compounds which contain carbon and hydrogen only
20076 Contains C=C double bond Unsaturated C=C double bonds decolourise b ) luti Kl
14b(ii) or unsaturated nsaturated C=C double bonds decolourise bromine solution quickly
20096 CH C7H14: heptene - alkene with general formula C.Hzn
13biii [ CsHz0: nonane - alkane with general formula CiHan.2
20116 . . |Alkenes are unsaturated. Unsaturated compounds decolourise bromine
decolourises bromine ) , )
] solution quickly as the bromine molecule adds across the C=C double
20c solution
bond.
20126 contains C=C double |Bromine solution is quickly decolourised by unsaturated compounds
20b bond or unsaturated |containing C=C double bonds.
2013

15b

Bromine solution
decolourises

Bromine solution will decolourise as the bromine Br2 molecule adds across
the C=C double bond in propene.
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