JAR National 5 Chemistry IAB 5 Traffii Light
—— Unit 2.1c Alkenes chem HEIE IR

Alkenes are a homologous series of unsaturated hydrocarbons (unsaturated = at least one double bond)
are used to make polymers and alcohols

are insoluble in water OO
contain the C=C double bond functional group
can be represented by the general formula C,Hzx

11

Straight-chain alkenes can be drawn. The position of the double bond must be indicated in the
name for alkenes with four or more carbons in the main chain.

Alkane l\gzlﬁ;ﬁllzr Shortened Formula Structural Formula
Ethene C2H4 CH2=CH- H_|C:|C_H
H H
H
Propene C3H6 CH3CH=CH> H-C—C=C—H
HHH
HoH
But-1-ene | C4Hg CH3CH;CH=CH_, H-C—C—C=C—H
HHHH
111
But-2-ene | C4Hg CH3CH=CHCHj3 H—CI—C:C—?—H
H H
HOHH
i Pent-1-ene |C5Hq1g| CHsCH.CH2CH=CH; H-C—C—C—C=C—H
a HHHHH
13a H H H ® 6|0
pent-2-ene (C5Hqg| CH:CH=CHCH:CH; H—C—C=C—C—C—H
HHHHH
HOH HH
Hex-1-ene (CgH1p| CHsCH2CH:CH:CH=CH, H=C—C—C—C—C=C—H
HHHHHH
HoHH A
Hex-2-ene (CgH1p| CHsCH2CH2CH=CHCHs H—C—C—C—C=C—C—H
HHHHHH
HH HH
Hex-3-ene |CgH1p| CHsCH2CH=CHCH2CHs H—C—C—C=C—C—C—H
HHHHHH
HHHHH
Hept-1-ene ((C7H 14| CH3CH2CH2CH2CH2CH=CH: H—C—C—C—C—C—C=C—H
HHHHHHH
HOHHHHH
Oct-1-ene C8H16 CH3CH2CH2CH2CH2CH.CH=CH. H—(F—(F—?—IC—IC—Q—?:{J—H
HHHHHHHH

Alkenes with branches can be drawn:

; H o )
H H-CH e H_C_HH
H—é—c—&—?—H A A H—C=C—C—C—H
TS HH-GHH H YT
H H H W HHHH
12b 2-methylbut-2-ene 2-methylbut-1-ene 3-methylbut-1-ene
13b i H . ®NO©
H E cH_E_H? H T L|{H|:_HI'|1
—C—C—C—C— H—C=C—C—C—H
HHCr M H HH-CHH H=C=C—C—H
H i H
2,3-dimethylbut-2-ene 3,3-dimethylbut-1-ene methylpropene
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Alkenes undergo addition reactions with hydrogen forming alkanes, known as hydrogenation.
H H H H
L L HHHH
14a HoE e v HH — HeCC=CCH B O
153 H H H H H H
C4Hs + H, — CsH10
Alkenes undergo addition reactions with halogens forming dihaloalkanes
o H H Br Br
14b H-C—C—C=CH + Br-Br — H-CC-CCH
15b AR R ® 6O
C4H8 + Brz e C4HsBr2
Alkenes undergo addition reactions with water forming alcohols, known as hydration.
H HH OH
H=C—C—C—C—H
H H HHHH
14c H—-C—C—C=C—H + HO-H — or
15¢ HOH O H H OHH 6O
HG—C—C—CH
HHHH
C4H8 + Hzo e d C4H90H
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Unit 2.1c Alkenes JABChem

outeamg | il | Mew Nat5 |Nat5 [Nat5|Nath |Natb [Nat5|Natb|Nath
urcome pecimen pecimen
Paver | Paper | 201412015(2016 2017|2018 | 2019 2020|2021
11 L12a
12a
13a
12b
13b L12a
1;}2 mcll L5b()
14b L8ca) )
15h L10c L&) L5bgii)
14c |L8bq) | L8c)
12 12 15
15c¢ |L8byiiy| L8c(ii) Lze mese | me
Nat5 Answer | % Correct Reasoning
2016 [XIA side groups cannot be placed on C: (side groups must be on middle carbons)
MC B 75 MB 5 carbons in main chain with C=C bon between C; & Cz2 and -CH3 groups on C2 & C3
11 [XIC C=C double bond must be given lowest numbering system
XID same numbering system must be used at all times (starting on right here)
2018 XIA Hydrogenation: Adding hydrogen across a C=C double bond to form alkane
MC C [XIB Combustion: burning compound in oxygen to form CO2 and H20
12 =  |MC Hydration: Adding H-0 across C=C double bond to form alcohol
[XID Reduction: Gaining electrons
2019 MA Oct-2-ene produces two products on hydration (octan-2-ol and octan-3-ol)
MC5 A [XIB Hex-3-ene produces one product on hydration (hexan-3-ol)
15 T  |E®EC But-2-ene produces one product on hydration (butan-2-ol)
XID Ethene produces one product on hydration (ethanol)
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Nat5 Answer Reasoning
o but - 2 - en
124 but-2-ene u e e
4 carbons C=Con 2" carbon  C=C double bond
|'|| H H H H H
| |
H—C—C=C—C—C—H W yy_ ¢~ e
Any structure of | | H—C—C—C—C—C—H
2015 H H H H or | | | |
12¢ 3-methylpent-2-ene H H H H
or 2-ethylbut-1-ene H—C—H
| CH,
H
3-methylpent-2-ene 2-ethylbut-1-ene
Bromine add across a C=C double bond in an addition reaction
2016 i + Bra T T B|r B|r
‘ addition L
8y H=C—C—C= C—H ——» H—C—C—C—C—H
|
HHHH HHHH
2016 CroHieBr Limonene has two C=C double bonds and 2 molecules of Br; will be added
8C(ii) 1o to the limonene molecule:  CioHie + 2Bra  ———» CioHusBras
2017 C=C double bond C=C double bonds are the functional groups found in alkenes
12a or -OH group Hydroxyl -OH groups are the functional group found in alcohols
2019 Hyd i The addition of hydrogen across C=C double bond is known as hydrogenation.
5b(|) ydrogenation The addition of water across C=C double bond is known as hydration.
2019 Chlorine Two chlorine atoms have joined across the location of where the C=C double bond

Bbqii)

used to be. Clz is the reactant in formation of compound Y (1,2-dichloropropane)
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Nat5 Past Paper Question Bank
Traffic Lights Unit 2.1c Alkenes

JABchem

out Int2 |Int2 |Int2 | Int2 | Int2 | Int2 | Int2 |Int2 |Int2 |Int2 | Int2 | Int2 | Int2 | Int2 | Int2 | Int2
2000(2001|2002(2003|20042005|2006(2007|2008({2009|2010| 2011|2012 (2013|2014 (2015

11 L12a() mcl3 mcl7

12a

132 mcl4 mcl2 mcl3

12b

13b

14a

15a

14b )

15b L12agii) L5d

14c . L6b()

15¢ mcl0 | mcl3 mcl4 |Léagi) mcl7 L7a Lébi
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Int2

Answer

% Correct

Reasoning

XA Hydration: Water is added across a C=C double bond

2%90 A 3 1 [XIB Hydrolysis: Big molecule splits into smaller molecules with water added across the break
10 [XIC Dehydration: Water is removed from a molecule leaving behind a C=C double bond
MD Condensation: Small molecules join together with water removed at the join
2000 XA but-2-ene has the formula CsHs but molecule drawn has the formula CsHio
me B 71 B pent-2-ene: 5 carbons with C=C double bond between Cz and C3
14 [XIC but-3-ene is incorrectly named as C=C double bond must have the lowest humbering system
[XID pent-3-ene is incorrectly names as C=C double bond must have the lowest number system
2001 XA Condensation: small molecules join together with water removed at the join
me B 4 2 VB Hydration: addition reaction with water added across C=C double bond
13 XIC Hydrolysis: molecule splits into smaller molecules with water added across break
[XID Oxidation: Loss of electrons by adding oxygen or removing hydrogen from molecule
2004 XlA Condensation: small molecules join together with water removed at join
e C 41 [XIB Dehydration: water is removed and a C=C double bond is left behind
14 MC Hydration: water is added across a C=C double bond in ethane to make ethanol
XID Hydrolysis large molecule breaks down with water inserted at the break
2005 XA But-2-ene has 4 carbons and molecule shown has 5 carbons
Me B 8 2 IB Pent-2-ene has 5 carbons with a C=C double bond between carbons 2 and 3
12 [XIC But-3-ene has 4 carbons and molecule shown has 5 carbons
(XID Pent-3-ene: wrong numbering system as C=C should have lowest number possible
2008 XA Cycloalkanes do not have a C=C double bond to decolourise bromine solution
me D 67 [XIB Cycloalkenes do not have the general formula CHzn
13 [XIC Alkanes do not have a C=C double bond to decolourise bromine solution
MD Alkenes have general formula CiHzn and C=C bond decolourises bromine solution
2009 XA hydration would not produce 2-methylbutan-2-ol (-OH group on wrong carbon)
e D 73 XIB hydration would not produce 2-methylbutan-2-ol(-OH group on wrong carbon)
17 XIC no C=C double bond for water to be added across (hydration)
MD hydration reaction would produce 2-methylbutan-2-ol
2011 (XA but-2-ene has 4 carbons only
Me B 78 B Pent-2-ene has 5 carbons and C=C double bond between Cz and Cs
13 XIC but-3-ene h<.xs 4 ﬁarbons only (and should be renumbered to but-2-ene)
[XID Pent-3-ene is an incorrectly named compound as lowest number system has not been used
2015 XA cyclopentane CsHio does not decolourise bromine solution as it has no C=C bond

Mc

17

75

[XIB cyclopentene CsHs does not fit the general formula CiHzn
[XIC pentane CsHi2 does not decolourise bromine solution as it has no C=C bond
D pentene CsHio decolourises bromine solution and fits general formula CnHzn
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Int2 Answer Reasoning
2002 Alkenes are a homologous series with a C=C double bond and general
Alkenes
12a) formula of CnHan
2002
Addition Addition Reactions: Molecules are added across a C=C double bond
12a(ii
H + H20 H OHH
2005 | ]
6agi) hydration H—C—C| =C—H — H—C—C—C—H
" | | | |
H H H HH H
H + Br, H Br Br
2010 | ost ]
5 Addition H—C—C=C—H —» H—f—C|—C|—H
|
HHH H H H
2012 Addition reactions involve the addition of a compound across a C=C
7 Hydration double bond. Water can be added across a C=C double bond with -
a H added on one side and -OH added to the other side carbon.
T
H—C—C—C—H
H H H H HH BN
2015Hé|CéH o H OHH
. |H=C—C—C—H |H—C—C=C—H
6b() T | HHH
HH OH H
+ Hz0 H—C—C—C—H
H H OH
L. Addition reactions happen when as small molecule adds directly across a carbon
2015 GddITIOH to carbon double bond.
6b(“) or hYdf‘GﬁOﬂ Clz, F2, Brg, Iz, Hz, H20, HCl, HBr, HF and HI are all capable of adding across a

double bond.
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Nat5 Past Paper Question Bank
Traffic Lights Unit 2.1c Alkenes JABChem

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

Outcome

11

12a
13a

12b
13b

14a

15a 22¢

14b 14a()

2 2
15b 14aqy| 29¢ Oc

14c 16¢()

16bq
15c¢ 16.¢ii) 6bw
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SG6 Credit Answer Reasoning
Addition: molecule adds across the C=C double bond
+ H,O
Addition lTl (|)H
2002¢ or H—C=C—H ——— H—C—C—H
16¢() | |
Hydration H H H H
ethene ethanol
Hydration: H20 molecule adds across the C=C double bond
QHH B H QR i
2002¢ H—-C—C—C—C—H oo H—C—C—C—C—H
16¢(ii One from: | | | | \ | | \
C(ii) H CHiH H H CHsH H
2-methylbutan-1-ol 2-methylbutan-2-ol
2003C
addition Brz molecule adds across the C=C double bond
14c¢)
2003C Br Br IJI
. H g Bromine on adjacent atoms of carbons which had C=C previously
14C(“) H H H
2004¢ Bromine Brz add across a C=C double bond. There are two double bonds in CsHs
CsHsgBrs so 2Brz molecules (and therefore 4Br atoms) adds to the molecule to form
20c CsHgBr4.
2007¢C Addition Addition Reaction: Molecule adds across a C=C double bond
16b(l) or hydration Hydration is the addition of water across a C=C double bond
l|—l ||’| addition 'TI lTi l—|" l—|"
reaction
2011¢ - H—C—C—s-HH H " H—C—C—s5—Cc—C—|
22¢ Addition | | ‘\ | | | |
H H C=¢ HH HH
H H
H COOCH: H COOCHs Brz adds across H COOCHs
| | the C=C double
2012¢ | Br—C—-C—Br | C=C + Br-Br —=—»Br—C—C—Br
20c | | |
H CHs H CHs H CHs
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oucome | 200012001 2002|2003 20042005 2006|2007(2008|2009| 2010 | 2011 | 2012|2013
General | General | General | General | General | General | General | General | General | General | General | General | General | General
11
12a )
13a 14bi)
12b
13b
14a 14ai)
15a 14q(ii
14b
15b 14a
14c
15¢ 15b
56 General Answer Reasoning
Addition: molecule adds across the C=C double bond
+ H20 'Tl C|)H
20036 O H—C=C—H ————> H—C—C—H
15b | |
H H H H
ethene ethanol
Hydration: H20 molecule adds across the C=C double bond
20056 Addition or Addition reactions add across a C=C double bond.
14q() hydrogenation Addition of hydrogen is also known as hydrogenation.
*|* "|* + Hz H H H H
I
20056 H—Cf—f—ﬁh ~’|3—H — H—L|‘—¢|‘—C—C—H
CsH
14q(ii) e HHHH HOH b
20066
14q medium or slow  |Reactivity of halogens decreases down group 7.
20066 e Butene AL
14b() o = |
4 carbons  C=C double bond H H
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