Edexcel Chemistry A-level - Alkanes

Mark Scheme

Q1.
%:ﬁ,s,ﬂg:' Answer Additional Guidance Mark
(i) An explanation that makes reference to (2)

the following points:

o different alkanes have different Allow
boiling temperatures/points Volatility for boiling
(1) temperature
Allow

Different alkanes condense
at different temperatures
Ignore melting
temperatures if given with
boiling temperatures
Ignore densities

e because of (different) chain Accept London /dispersion
length/molar mass /strength of /van der Waals forces
intermolecular forces/ Allow reference to size
number of electrons A comparison such as
(1) ‘longer alkanes have higher

boiling points’ scores 2
Ignore any reference to
surface area

Do not award references to
cracking

Do not award reference to
just weight/mass

Do not award incorrect

trend
%l:z:;g? Answer Additional Guidance Mark
(ii) (1)
Correct equation Example of equation:
CsHis — CaHs + CsHis
OR
CgHig — 2GHs + CeHyo
OR

CgHig — 3CHs + GHs

Allow
CH>=CH: for CaHs

Products can be given in either order

Do not award equations forming Hz
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?‘l:ﬁ‘slgg:_‘ Answer Additional Guidance Mark
(iii) (1)
Correct | Example of equation:
equation H H
H N / H
H H H H H H \: S8 f
[ 1] T ey
H—l—(l—.l—l—l— . E— | | ) + H,
H H H H H H /> \
/ \_ H
H H
Accept bonds to hydrogen atoms inside the ring, e.g.
Y
N
N ke
R o
H \
Allow skeletal or structural formulae
for hexane and for cyclohexane
" or CH3(CH,)sCHs O or  (CHa)s
Ignore
CeHis — CeHiz + H:
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Q2.

Question
Answer Mark
Number
(i) The only correct answer is C (homolytic bond fission to form free radicals) (1)
A is incorrect because such bond fission would produce ions
B is incorrect because the first step of the reaction produces free radicals by homolytic fission
D is incorrect because the first step of the reaction produces free radicals
uestion
i Answer Additional Guidance Mark
Number
(i) 122.92(122.9 + 80.9) x 100 Allow 1232(123+81) =60.29% | (2)
or
Award M1 only if final answer
122.92(44.0 + (2x 79.9)) : L Sk e
given as decimal 0.603 rather
x 100 or than %
(122.92203.8) x 100 Allow TE for M2 for only one
(1) | incorrect A, value
= 60.304% Ignore SF
(1) Correct answer with or without
working scores (2)
Question
Answer Mark
Number
(iii) The only correct answer is D (the reaction produces a mixture of organic products) (1)
A is incorrect because bromine is very reactive
B is incorrect because gaseous reactants do not necessarily give a poor yield
C is incorrect because the kinetics of the reaction do not affect the yield
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e Answer Additional Guidance Mark
Number
(iv) Amount of 1-bromopropane 14.7/122.9 = 0.11961 (mol) (3)
(1)
(0.11961/31) x 100 = 0.38584 (mol)
So moles of propane required
(1) =0.38584 x 24.0 =9.2601 (dm?)
=9.3/9.26 (dm?)
So volume of propane required to 2 or 3 SF Allow 14.7/123 = 0.11951 (mol)
() (0.11951/31) x 100 = 0.38552 (mol)
=0.38552 x 24.0 =9.2526 (dm?)
=9.3/9.25 (dm?)
Alternative route 147x100 =474¢g
310
Target mass of 1-bromopropane required to produce 14.7 g
(with a 31.0% yield) (1) 47.4 = 0.3857 (mol)
1229
Moles of propane required to produce the required mass of 0.3857 x 24.0=9.3 /9.26 (dm?)
1-bromopropane (1) Award (2) for a final answer of 0.890 /
0.89
(dm?) {(incorrect use of 31.0%)
So volume of propane required to 2or 35F (1) Answer assuming 100% yield
scores (2) for final answer of
2.87 /2.9 (dm?)
Penalise incorrect units in M3
Do not award M3 if Ideal Gas Eqtn used
for propane volume
Penalise incorrect rounding once only
Correct answer to 2 or 3 SF with or
without working scores (3)
Q3.
uestion
Q Answer Mark
Number
(i) The only correct answer is C (NOwe is a species with an unpaired )]

electron)

this reaction

15 neutrons and 15 electrons

homolytic fission

A is not correct because nitrogen dioxide, NO>, is formed during

B is not correct because this would be NO-. NO® has 15 protons,

D is not correct because radicals such as this are made by
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Question Answer Additional Guidance Mark
Number
(ii) Example of equation (2)
e correct (1) | 2CioH22 + 62NO >
substances 20C0O2 + 22H20 + 31Nz
e correct (1) | Ignore a dot on NO
balancing ALLOW multiples
Question Answer Additional Guidance Mark
Number
(i) | Ananswer that makes (1
reference to the following
point:
¢ oxygen is present Allow there is (enough) oxygen for

and so CioH22 / complete combustion

intermediate

compounds might Allow the reaction must occur in a

react with oxygen series of steps as there are too

Or many particles reacting in the
NO might react equation
with CO

Allow it is unlikely for the reactants
to be in the correct ratio

Allow it is unlikely there will be
enough NO / decane

Allow reactants can react in other
ways giving formation of other
named products (such as CO, C,
NO,)

Allow NO may react with other
substances / air / oxygen

to form NOy / oxides of nitrogen /
other nitrogen containing products
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Q4.
uestiol
Meson Acceptable Answer Additional Guidance Mark
Number
(i) Award any two from the following: (2)
» they have the same general formula Allow example of general formula, e.g alkanes
(1) are C,Hzpiz
Do not award ‘the same formula / molecular
formula / structural formula’
» they / neighbouring compounds differ from ) N
each other by a —CH,- group (1) Allow ‘the same chemical properties
+ they have the same functional group / Ignore ‘the same physical properties’ or ‘similar
display similar chemical properties (1) physical properties’.
) Trend must be stated or implied.
* they .show 2 grac}ual change / trend in Allow a stated property such as boiling
physical properties (1) temperature
"
Scston Acceptable Answer Additional Guidance Mark
Number
(ii) « alkene(s) Do not award alkanes (1)
Q5.
%‘::;E:? Answer Mark
@ The only correct answer is A (50 cm?) 1

B s incorrect because this is the increase in volume from 200 cnm?’ of ethane
C isincorrect because this is the volume of CO: formed

D is incorrect because this is the total volume of CO: and H:0 formed
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Question | Answer Additional Guidance Mark
number
(ii) Example of calculation (3)
« calculation of x (volume of COz = 125 (cm?)
(1) sox=125/25)=5
(25 + 25(5 + (y/4)) - 75 =125)
» calculation of y y=8
(1)

e structure of cyclopentene

1
M Allow the skeletal formula of any cyclic
CsHe compound with C=C e.g. a
methylcyclobutene
TE on x and y for a cyclic hydrocarbon
Q6.
Question Answer Additional Guidance Mark
Number
(1) An explanation that makes reference to the (2)
following points: Penalise omission of oxygen (from
air) once only
e because sulfur compounds/impurities 1
fuel
and
react with oxygen (from air)
1 Allow nitrogen compounds 1n the
fuel
® Dbecause nitrogen in the air
and
reacts with oxygen (from air)
()]
Question Answer Additional Guidance Mark
Number
(ii) An explanation that makes reference to the 2)
following points:
Do not award more energy/fossil
e (because although sulfur dioxide 1s fuel burned to heat the reaction
removed) carbon dioxide 1s produced.
) Allow carbon dioxide adds
to/causes global warming
e carbon dioxide 1s a greenhouse gas (and
must therefore be removed/stored)
@
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Q7.

Question

Nanber Answer Mark
i) The only correct answer is C (fractional distillation) @
A is incorrect because the process is used to produce smaller hydrocarbons
B is incorrect because the process is used to produce branched and cyclic
hvdrocarbons
D is incorrect because the process is used to heat reaction mixtures
estion i :
%:lxmber Answer Additional Guidance Mark
(ii) An explanation that makes reference to one of the 2)

following pairs of points

Either

the OH groups (in compound X) can form
hydrogen bonds
@

so more energy is needed to vaporise
compound X / break intermolecular forces i
compound X (1)

hydrocarbons have only London forces, but
compound X has hydrogen bonds (as well)
@)

hydrogen bonds are stronger (than London
forces) (1)

Ignore references to dipole-
dipole interactions

Allow “the oxygen (in
compound X) can form
hydrogen bonds”)

Allow “more energy is
needed to break bonds in
compound X if H bonds
discussed

Any reference to the
breaking of covalent bonds
loses M2 only
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Q8.

uestion
s Acceptable Answer Additional Guidance Mark
Number

An explanation that makes reference to the following | Answers only referring to (3)

points: hydrocarbons and not alkanes and / or
alkenes can only score M3.
Allow shorter chain

= shorter chain alkanes and hydrocarbons and

alkenes formed (1) alkenes formed

Allow for a named product of

= Alkenes are useful starting materials in organic synthesis,

synthesis / used for making polymers / plastics e.g. ethanol / alcohol / dihaloalkane
(1) etc..

Ignore just ‘are more useful’

- Shorter chain alkanes are more in demand / higher| Allow ‘Shorter chain hydrocarbons are

value / can be used as fuel (1) more in demand / higher value / are
better fuels than longer chain
hydrocarbons
If M2 and M3 are not scored award 1
mark for ‘to make polymers / plastics
and fuels / higher value compounds’
OWTTE.
Qo.
Question e ~
Acceptable Answer Additional Guidance Mark
Number

(i)

. hexane/CH;CH;CH;CH;CH;CHg

Allow displayed formula / skeletal
formula

Do not award hexene

Ignore CgHya

(1)
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Question . )
Namber Acceptable Answer Additional Guidance Mark
(ii) An explanation that makes reference to the following Unambiguous mention of breaking (3)
points: bonds within molecules can only
score M1
= isomers in petrol fraction have branched chains Allow isomers can be secondary or
(1) tertiary Allow branched chains have
lower boiling temperatures
Ignore smaller molecule / smaller
chain / shorter chain
Do not award cyclic / geometric
isomers / alkenes
Allow branched chains have less
= branched chains have a lower surface area / do not | points of contact
pack so closely together (1)
Do not award unless clearly forces /
= intermolecular forces / van der Waals’ forces / bonds between molecules or
London forces / dispersion forces / instantaneous ‘intermolecular’ is seen
dipole-induced dipole forces are weaker (so boiling
temperature is lower)
(1)
Q10.
uestion
?ﬂumber Answer Mark
i ; 1
O D (o, homolytic) (1)
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Question
Number

Acceptable Answers

Additional Guidance

Mark

(i)

CzHe + Cl+ —» CaHs» +
HCI

(1)
CaHss + Cl2 —» CaHsCl +

cl-
(1)

Equations can be in either order

Allow correct structural / displayed /
skeletal formulae

Allow dots / circles anywhere on formula

Allow 1 mark for two correct steps but
using the incorrect alkane / bromine

Allow 1 mark if both propagation steps

correct but initiation / termination steps
also written and not labelled as such or
additional incorrect propagation step(s)

Ignore state symbols and curly arrows,
even if incorrect

Penalise missing dots once only

Comment:

If C;Hs* appears in both equations but
equations are otherwise correct, allow 1
as TE

(2)

Question
Number

Acceptable Answers

Additional Guidance

Mark

(iii)

(two) ethyl/
C,Hs!) radicals
react together

or
C2H5' + C2H5‘ . Ctho

Allow CoHs + CzHs — CsHio

Ignore termination

Ignore just ‘(two) radicals react together’
Ignore ethane radicals / ethyl groups

Do not allow molecules / ions

Do not allow incorrect radicals or product

Do not allow initiation / propagation /
elimination / substitution

(1)
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Q11.

Question
Number

Answer

Additional Guidance

Mark

An answer which makes reference
to:

¢ acompound of hydrogen
and carbon only

Allow absence of ‘only’

Allow
substance/molecule/chain/species
for compound

Do not award reference to a
carbon and/or a hydrogen

Do not award ‘an element made
of carbon and hydrogen’

Do not award a mixture of carbon
and hydrogen

Do not award contains carbon
and hydrogen molecules

(1)

Q12.

Question
Number

Answer

Additional Guidance

Mark

()

Correct equation

2NO + 2CO — N + 2CO;
Accept multiples

Ignore catalysts and
conditions if stated

(1)

Question
Number

Answer

Additional Guidance

Mark

(i)

A description that makes reference to

the following points:

« adsorption of gases to catalytic

surface

(1)

» weakening of bonds (and chemical

reaction) on catalytic surface

(1)

e desorption of products from
catalytic surface

(1)

Absence of reference to the
catalytic surface results in a
deduction of one mark

Do not award absorption or
“stick”

Allow bonds break (and
reaction occurs) on
catalytic surface

Ignore the type of
interaction referred to
between the reactants and
the catalytic surface

Allow ‘release’ of products
from catalytic surface
Allow de-adsorbed

(3)
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Q1s.
?‘l:::ls]';g:_] A;ﬁi'x:?;e Additional Guidance Mark
« correct skeletal | Mark independently but max 1 if additional (2)
formulae for reactants and/or products or more than 1
heptane and mole/molecule of hydrogen
cycloheptane A
1 f \
( ) ,.//A\\/ /\\//‘\\_ S < \) + H:
« formula for & of
hydrogen
(1) Do not allow just structural or displayed formulae
for the organic reactant or product, or any
combination of formulae, for M1
Ignore additional formulae written as working
Ignore shape of heptagon, provided it has 7 sides
Ignore any conditions, even if incorrect
Q14.
Question Answer Additional Guidance Mark
Number
(i) An answer that makes reference (@)

to the following points:

Allow sunlight
¢ chlorine/Cl2and Ignore chlorine radicals
ultraviolet / uv (light) Ignore temperatures

Do not award presence of
an additional catalyst

Do not award hydrogen
chloride / HCl / hydrochloric
acid / HCl(aq)
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uestion
?\lumber Answer Mark
(ii) The only correct answer is C (free radical substitution) (1)

A is not correct because as ethane is saturated the reaction is a
substitution
B is not correct because as ethane is saturated the reaction is a
substitution
D js not correct because as ethane has no bonds with significant
polarity the reaction is not nucleophilic

Question Answer Additional Guidance Mark

Number

(iii)

chloroethane reacts

with a chlorine
radical

OR

both correct structure
formulae of the
products including

identification of
which is which (1)

formation of
1,1-dichloroethane
via radical
mechanism

OR

Allow radical dots anywhere on the radical
species throughout

CH3zCH2Cl + Cls — +CH2CH2Cl + HCI
or

CH3CH2Cl + Cl* — CH3CHCl» + HCI
Allow

CoHsCl + Cls — CoHsCls + HC

CH3CHCl: 1,1-dichloroethane
CH2CICH2ClI  1,2-dichloroethane

CH3CHCI» + Cl* — CHsCHCl2

or

CH3CHCl» + Cl; — CH3CHCl> + Cle
Ignore reactions of C2Ha(Cle

(3)
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overall equation for CH3CH2Cl + Cl2 — CH3CHzCl2 + HCI
the formation of

1,1-dichloroethane (1)

e formation of *CH2CH2Cl + Cl* — CH2CICH:CI
1,2-dichloroethane or
via radical mechanism | .cH,CH,Cl + Cl2 — CH2CICHCI + Cle
Ignore reactions of CaHs(Cle

OR

equation for the (1) | CH3CH2C + Cl2 — CH2CICH2CI + HC
formation of

1,2-dichloroethane
If M2 and M3 are not scored allow (1) for a

balanced equation for the reaction of
C2H4Cl+ with Cl+ or Cl2 to form CzH4Cl2
(examples shown)

CoHaCle + Cl» — C2HaCl2

or

CaHaCle + Cl2 — CaHaCl2 + Cle

Question Answer Additional Guidance Mark
Number
(iv) An answer that makes (2)
reference to the following
points:

Allow C2H435C|35C|$
e 98 peakis dueto
CaH43C13 Allow CoH4>CPP7Cl*
and

102 peak is due to

CaH437Cl; (1M
s Allow structural formulae

of the molecular ions of
either 1,1- or 1,2-

e 100 k is due t
peaKisidueto dichloroethane or both

CH35CPCl (1M

Allow structures with the
positive charge anywhere
including outside of
brackets of any type.

Penalise omission of +
once only
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Question

Number

Answer

Additional Guidance

Mark

(v)

An answer that makes reference
to the following point

e 35(C| and *C| atoms are
in a 3:1 ratio

Answer must refer to the
isotopes of chlorine. Ignore
comments about isotopes of
carbon or hydrogen or just
isotopes

Allow a larger proportion of
chlorine atoms are chlorine-35
than chlorine-37

Allow the ratio of the peak
heights to be 9:6:1

Allow the abundance

of chlorine- 35 and

chlorine-37 are different
Allow there are two isotopes of
chlorine

(1
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Question
Number

Answer

Additional Guidance

Mark

(vi)

An answer that
makes reference
to the following
points:

Either

o the peaks are formed
by fragments
containing both chlorine

atoms attached to
one carbon atom

or

the fragments are
cH¥®car,
CH*cl3

and cH¥’cl; (1)

o this fragmentation /
configuration is only
possible from
1,1-dichloroethane /
is not possible from
1,2-dichloroethane (1)

Or

o the peaks at 83, 85
and 87 represent the
loss of a CHz group (1)

¢ only 1,1-dichloroethane
has a methyl group (1)

Allow a diagram showing the fragmentation
of 1,1- dichloromethane to form a fragment
containing one carbon and two chlorine
atoms

Allow the use of molecule instead of
fragment

Do not award fragments where the number
of hydrogens on the carbon changes

Allow just CHCI3

Do not penalise the absence of the positive
charge

Do not award fragments where the number
of hydrogens changes to allow for the
different masses

Allow only 1,1-dichloroethane has two
chlorines on the same carbon /1,2-
dichlorethane does not have two chlorines
on the same carbon

Allow the peaks are 15 below the molecular
ion values so they represent the loss of a
CHs group

(2)
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