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Q1.
Halogenoalkanes are useful reagents in organic synthesis.
Some reactions of 1-bromopropane are shown.

GH;OH

A

Reaction 1

Reaction 2 Reaction 3
CH;NH, = C.H,Br = (,H,CN

Reaction 4

¥

CiHs

(a) Complete the table about these reactions.

Reaction Reagent Solvent Type of reaction
1 potassium hydroxide
2 ammonia
3 ethanol
4 elimination

(b) Give the IUPAC name of the product of Reaction 3.

(c) Complete the mechanism for Reaction 2.

Show the formation of the intermediate F and of the product.
Include curly arrows, and any relevant lone pairs and dipoles.

T T

H—C—C—C—=Br — H—C—C—C—N—H intermediate F
|| I
H H H H HH H

*(d) The relative rates of hydrolysis of a series of halogenoalkanes were determined
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using the following method:

« five test tubes, each containing 2 cm? of ethanol and 2 cm? of aqueous silver nitrate,

were placed in a water bath at 50 °C
e four drops of a different halogenoalkane were added to each test tube

e the time taken for a precipitate to appear in each test tube was recorded.

The results are shown.

Halogenoalkane Time for ppt to appear / s
2-bromobutane 29
2-chlorobutane 75
2-iodobutane <1
1-bromobutane 41
2-bromo-2-methylbutane 13

Explain these results by considering:
e the chemical reaction occurring

e the structures of the halogenoalkanes
e the strengths of the carbon-halogen bonds.
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(Total for question = 14 marks)

Q2.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer

with a cross X.

What is the structure of 2-bromo-3-chloro-2-methylbutane?
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Br Cl

0 A Hc—C—C—H
H; CH;
Cl
0 B
Br
Blr {|ZL
O € HC—C—C—CH,
H, CH;
Br
0 D
Cl
(Total for question = 1 mark)
Q3.

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box # and then mark your new answer
with a cross X.

Part of a reaction mechanism is shown.

H H H H Br-
|l s .
H—C—CLBr —————» H—C—C—NH,
[T ]33
H OH\Z H H H
—:NH, 4—:NH,

Which curly arrow in the mechanism is not correct?
LI A arrowl
L1 B arrow?2
[1 € arrow3

O
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D arrow 4

(Total for question = 1 mark)

Q4.
1-bromopropane is used for spot removal when 'dry cleaning' clothes.
(a) 1-bromopropane does not occur naturally but can be made from propan-1-ol.

Identify the reagent or reagents you would use to make 1-bromopropane from propan-1-ol.

(b) Some reactions of 1-bromopropane are shown.

propylamine
] ammonia
potassium [
hydroxide reaction C
propene ~4——— |-bromopropane ——————= propan-1-ol

l potassium cyanide
product B

(i) Give the conditions for the formation of propene.

(iii) Name the type and mechanism of the reaction taking place in reaction C.
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(iv) Complete the mechanism for the reaction that occurs between ammonia and
1-bromopropane to form propylamine,
CH3CH,CH,NH,.

Include curly arrows, and relevant lone pairs and dipoles.

Br

I
I—o—xI
I—r—2I
II—i—1I

(Total for question = 9 marks)

Q5.
This question is about bicycles.

Bicycle frames have been made from steel and aluminium for many years but more recently
titanium has been used.

Titanium is a metal that is extracted from its ore, impure titanium oxide (TiO;), in a two-step
process.

Step 1

The titanium oxide reacts with chlorine in the presence of carbon to form titanium(lV) chloride
(TiCl4) and carbon monoxide.

Step 2
The titanium(IlV) chloride reacts with magnesium.

TiCl, + 2Mg -» Ti + 2MgCl,
(a) (i) Write the equation for Step 1.

State symbols are not required.

(ii) Explain why Step 2 is a redox reaction.
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Refer to relevant oxidation numbers in your answer.

(b) Titanium(lV) chloride is a liquid that reacts violently with water, producing white smoke. This
reaction has been used to produce naval smoke screens to hide ships.

Suggest the type of reaction taking place and the compound producing the white smoke.

Type of reaction

(c) Many bicycles use an inner tube inside the tyre.
A common material used for inner tubes is the addition polymer formed from 2-methylpropene.
H.C
A
C=CH,

;
¥

H,C
2-methylpropene

Draw a section of the polymer showing two repeat units.

(d) A reaction scheme involving 2-methylpropene is shown.
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H,C
C=CH,
H,C

Reaction 2 Reaction 4

Reaction 3

H,C .
“OH \“}/\ ~l
CH,

Reaction 1

/
)

A

CH,

(i) For Reaction 1, give the name or formula of a suitable reagent, stating the conditions for the
reaction.

Reagent

(ii) For Reaction 2, give the name or formula of a suitable reagent, stating the type of reaction
taking place.

Reagent

(iii) For Reaction 3, give the name or formula of a suitable reagent, writing an equation for the
reaction taking place.

Reagent
Equation
(iv) For Reaction 4, the reagent used is potassium hydroxide (KOH).

Give the conditions required for this reaction, stating the role of the hydroxide ions in this
reaction.
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Conditions

(e) Many cyclists carry a small cylinder of carbon dioxide to inflate their inner tube if it is
punctured. The carbon dioxide is stored under pressure.

valve carbon dioxide cylinder
(Source: © Douglas Sacha/Getty Images)

A gas cylinder contains 16.0 g of carbon dioxide (CO,).
The cylinder has a volume of 20 cm?..

Calculate the pressure in the cylinder at 25 °C. Include units in your answer.
Assume that all the CO, in the cylinder is a gas.

[pV = nRT R = 8.31) mol™t K]

(Total for question = 20 marks)

Q6.

lodine can be extracted from seaweed. The seaweed is heated strongly to burn off the
organic matter. The resultant ash is boiled in water to dissolve the iodide ions, and the
mixture is filtered.

(a) Acidified hydrogen peroxide (H,0,) is added to the filtrate.

A redox reaction takes place with iodine and water as the only products.

(i) Write half-equations for the oxidation and reduction reactions that take place.

State symbols are not required.

STEMUP.CO.UK
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(ii) Use your answers to (a)(i) to write the overall equation for this redox reaction.

State symbols are not required.

(b) The iodine is separated from the aqueous solution using solvent extraction.

The aqueous solution is mixed with cyclohexane in a separating funnel,
forming two layers.

The mixture is then shaken gently and left until the layers separate.
Most of the iodine dissolves in the cyclohexane layer.

(i) State the colour of each layer after separation.

Aqueous layer

(c) The cyclohexane layer is then removed from the separating funnel and dried.

Identify, by name or formula, a suitable drying agent.
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(Total for question = 8 marks)

Q7.

A chloroalkane is heated with dilute aqueous sodium hydroxide and the pure organic product is
obtained.

When the organic product is warmed with acidified potassium dichromate(VI) solution, there is
no change in colour.

The chloroalkane could be

LI A 1-chlorobutane
[l B 2-chloro-2-methylpropane
[l € 1-chloro-2-methylpropane
[l D 2-chlorobutane
(Total for question = 1 mark)
Q8.

Answer the questions with a cross in the boxes you think are correct X. If you change
your mind about an answer, put a line through the box #¢ and then mark your new
answer with a cross X.

Organic reactions can be classified in different ways.

(a) How should the reaction shown be classified?

P N

[0 A addition
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[ B oxidation
[0 € polymerisation
[0 D substitution

(b) How should the reaction shown be classified?

OH O
)\ )K
[0 A addition
[0 B oxidation
[0 € reduction
[0 D substitution

(Total for question = 2 marks)

Q9.

The compound DMAA was originally synthesised as a decongestant.

NH,
/\‘/\r DMAA

A suggested synthetic route for DMAA is shown.

Cl
OH Step 1 Step 2 NH,
conc. NH; / heat
high pressure
compound A

(a) (i) Give the systematic name of compound A.

(ii) Identify, by name or formula, a suitable reagent for Step 1.
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(iii) Give the mechanism for the reaction in Step 2.
Include curly arrows, and any relevant dipoles and lone pairs.

(b) DMAA is only slightly soluble in water but dissolves readily in hydrochloric acid to form an
aqueous solution.

DMAA

(i) Explain the type of bonding that occurs between the nitrogen atom and the hydrogen ion,
when the positive ion forms.

(ii) Complete the diagrams to show how the ions formed in the reaction between DMAA and
hydrochloric acid interact with water molecules.

(Total for question = 12 marks)

Q1lo0.
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For each question, select one answer from A to D and put a cross in the box X. If you
change your mind about an answer, put a line through the box & and then mark your
new answer with a cross X.

Which reagent would convert an alcohol into an alkene?

LI A acidified potassium dichromate(VI)

[0l B anhydrous calcium sulfate

[l € concentrated phosphoric acid

[l D ethanolic potassium hydroxide

(Total for question = 1 mark)

Q11.

The halogenoalkane 1-chlorobutane reacts under suitable conditions with
potassium hydroxide to form the alcohol butan-1-ol.

(a) (i) Name a suitable solvent for the potassium hydroxide in this reaction.

(iii) Draw the mechanism for this reaction.

Use curly arrows, and show relevant dipoles and lone pairs.

(b) A student carried out the reaction.

After separation and purification, the mass of butan-1-ol formed was 12.1 g.
The yield of the reaction was 64.0 %.

Calculate the volume of 1-chlorobutane used in the reaction.

Give your answer to an appropriate number of significant figures.
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[Density of 1-chlorobutane = 0.886 g cm™]

(Total for question = 9 marks)

Ql2.
This question is about some halogenoalkanes.

(a) Give the classification of each halogenoalkane shown in the table as primary, secondary or
tertiary.

Halogenoalkane Classification

(b) Samples of 1-iodobutane and 2-chloro-2-methylpropane were hydrolysed using aqueous
silver nitrate in ethanol.

Explain whether or not it is possible to predict the relative rate of hydrolysis of these two
compounds.
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(c) Butylamine is formed when 1-bromobutane reacts with excess concentrated alcoholic
ammonia.

CH3CH,CH,CH,Br + 2NH3; —» CH3CH,CH,CH,NH, + NH4Br

(i) Give a reason why this reaction should be carried out by heating the reactants in a sealed
tube rather than heating under reflux.

(ii) Complete the mechanism for this reaction by adding curly arrows, and any relevant lone
pairs and dipoles.

C|.3H? T C‘iH?
H—(|Z—Br _— H—T'—{|:—H + Br
H H H
HsN HsN
oo
N—C—H + NH:
/]

H H

(d) Bromoethane is prepared by reacting ethanol with potassium bromide and concentrated
sulfuric acid.

C,HsOH + KBr + H,SO, - C,HsBr + KHSO, + H,O

Calculate the maximum mass of bromoethane that could be prepared from 4.65 g of ethanol,
14.90 g of potassium bromide and a solution containing 16.35 g of H,SO,.

[Ar values: H=1.0C=12.00=16.05=32.1K=39.1 Br=79.9]
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*(e) The reaction between 2-bromopropane and potassium hydroxide takes place under two
different conditions:

e in aqueous solution
e in ethanolic solution.

Compare and contrast these two reactions.

Include equations for the reactions.
Detailed mechanisms of these reactions are not required.

(Total for question = 18 marks)

Q13.

Answer the questions with a cross in the boxes you think are correct [X. If you change
your mind about an answer, put a line through the box #¢ and then mark your new
answer with a cross X.

Separate samples of some halogenoalkanes were dissolved in ethanol and a few drops of silver
nitrate solution added. The faster the reaction of the halogenoalkane, the quicker a precipitate
forms.

(a) Which of these halogenoalkanes reacts the fastest?

A CHsCHICH;
B CH;CHBrCH;

CH5CHCICH;

O O O O
)

D CH5CHFCH;

(b) Which of these halogenoalkanes reacts the fastest?

[1 A CH3CHBrCH(CHs)CH;

[0 B CH5CH,CBr(CH;)CH;
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[0 € CH3CH(CH,Br)CH,CHs

[0 D CH;CH,CH,CH,CH,Br

(Total for question = 2 marks)

Q14.

Which compound is hydrolysed most rapidly?

A 1-chloropropane
1-chlorobutane

C 2-chloro-2-methylpropane

O O O O
W

D 2-chlorobutane

(Total for question = 1 mark)

Q15.

lodine monochloride, ICl, is a covalent compound produced by the reaction of iodine with
chlorine. lodine monochloride is a dark brown liquid at room temperature.

The equipment shown can be used to pass chlorine over solid iodine to produce iodine
monochloride.
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chlorine gas, Cl,

iodine solid, I,

When excess chlorine is passed through the U tube, the iodine monochloride reacts to produce
iodine trichloride in an equilibrium reaction.

(a) Write a chemical equation for the reaction of iodine with chlorine to produce iodine
monochloride. Include state symbols.

(b) The iodine monochloride molecule has a permanent dipole. Complete the following table
using the electronegativity data from your Data Booklet and hence show the dipole on the
diagram of the iodine monochloride molecule.

Element Electronegativity

Cl

| —ClI

(c) lodine monochloride reacts with propene to form two isomeric products. This is an addition
reaction that is similar to the reaction of propene with hydrogen halides.

(i) Draw the skeletal formulae of both isomers.

(ii) Explain which of these isomers is the major product.
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(d) The equation for the reaction between iodine monochloride and chlorine is:

ICL(L) + Clig) =  ICL(s)
brown liquid yellow solid

(i) State and justify one precaution that must be taken when preparing iodine trichloride.

(ii) Give the oxidation number of iodine in both iodine-containing compounds in the equilibrium.

lin ICI

(iii) lodine trichloride can also be made by reacting potassium chlorate(V) with iodine in
hydrochloric acid. The equation for the reaction is

KCIOs + I, + 6HCI - KCI + 2ICl3 + 3H,0

By considering oxidation numbers for chlorine, explain whether or not this reaction is a
disproportionation.
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(e) Chlorine gas has a molar volume of 24 000 cm® mol™ under the conditions used in this
reaction.

(i) Show that the density of chlorine gas is approximately 3 g dm™.

(ii) Air has an average density of 1.25 g dm™. If the U-tube used in part (d) is inverted, as shown
in the diagram, the solid yellow iodine trichloride produced in the equilibrium reaction turns to a
brown liquid.

iodine trichloride, ICL
J/
,.-""

)

inverted U tube

Explain this observation.

(f) A mass of 0.64 g of iodine reacted with fluorine to form 1.31 g of a fluoride of iodine.

Calculate the empirical formula of this compound of iodine and fluorine.
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(Total for question = 20 marks)

Q1le.
1-bromobutane reacts with alkali:
CH3-CH;,-CH,-CH,Br + OH™ = CH3-CH,-CH,-CH,OH + Br~

The mechanism and type of reaction is:

A electrophilic addition
electrophilic substitution

C nucleophilic addition

O O O O
w

D nucleophilic substitution

(Total for question = 1 mark)

Q17.

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box # and then mark your new answer
with a cross .

Which structure represents a primary halogenoalkane?
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O A \%(
Cl
Cl
O B
1 C
0 D /\’)\Cl

Use this space for any rough working. Anything you write in this space will gain no
credit.

(Total for question = 1 mark)

Q18.
Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box # and then mark your new answer
with a cross .
Butanenitrile can be formed by reacting 1-bromopropane with potassium cyanide.
Which is the correct mechanism and type of reaction that occurs?
[ A electrophilic addition
B nucleophilic addition

]
[l € electrophilic substitution
1

D nucleophilic substitution
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(Total for question = 1 mark)

Q1o9.
Ammonia reacts with 1-chlorobutane.

(a) State the type and mechanism of this reaction.

(b) A student drew the first step of the mechanism for the reaction.

N P
|
D D S o o A
HHHH HHHHH
/N
H 1 H

(i) Identify two omissions in the student's mechanism.

(ii) To obtain butylamine, sodium hydroxide solution is added.

Complete the next step of the mechanism to form butylamine, showing curly arrows, relevant
lone pairs and the reaction products.

HHHHH

.
H—C—C—C—C—N—H

HHHHH

(c) The reactions of ammonia and of hydroxide ions with halogenoalkanes are similar.

Compare the rate of reaction of ammonia with 1-chlorobutane and with
2-bromo-2-methylpropane.
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Justify your answer.

(Total for question = 10 marks)

Q20.
This question is about halogenoalkanes.

(a) The rates of hydrolysis of 1-chloropropane, 1-bromopropane and 1l-iodopropane in reactions
with aqueous silver nitrate solution were compared.

(i) State what would be measured in the experiment to compare the rates of hydrolysis.

(ii) State which of these halogenoalkanes would hydrolyse the fastest.
Justify your answer.
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(b) The equation for the hydrolysis of 1-chloropropane by aqueous hydroxide ions is shown.
CH5CH,CH,ClI + OH™ - CH;3CH,CH,OH + CI~

Give the mechanism for this hydrolysis.
Include curly arrows, and relevant dipoles and lone pairs.

(c) The boiling temperatures of some halogenoalkanes are shown.

Boiling temperature

Halogenoalkane /oC
1-chloropropane 47
1-bromopropane 71
1-iodopropane 103

Explain the trend in boiling temperature of these halogenoalkanes by comparing the
intermolecular forces involved.

Detailed explanations of the forces involved are not required.

(d) In another experiment, 2-bromobutane is heated with ethanolic potassium hydroxide and an
elimination reaction occurs.

Draw the skeletal formulae of the three possible organic products, giving their names.
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Skeletal formula Name

(Total for question = 12 marks)

Q21.

Answer the question with a cross in the box you think is correct X . If you change
your mind about an answer, put a line through the box £ and then mark your new
answer with a cross X .

What is the skeletal formula of 2-chloro-4,4-dimethylhexane?
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v

1 B

\/N\j\
0 ¢

\/\{jl\
[0 D

: ClL
(Total for question = 1 mark)

Q22.

2-methylpropan-1-ol has the skeletal formula:

|
OH

(a) 2-methylpropan-1-ol can be converted to 1-bromo-2-methylpropane.

Give the reagents and conditions used for this reaction.

Reagents
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Conditions

(b) 1-bromo-2-methylpropane can be converted back to 2-methylpropan-1-ol by heating with
aqueous alkali. A student suggested the following mechanism for the reaction.

CH; H CH: H

CH3—<|:—¢|:~'J-férﬁ+_.. CH3—(|:—(|:—OH + Br
H (H H H
OH"

Identify and correct the three mistakes in the mechanism shown.

(c) 1-bromo-2-methylpropane can be converted to 2-methylpropene.

Give the reagents and conditions used for this reaction.

Reagents

(Total for question = 7 marks)

Q23.
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Give the systematic name for the following molecule.
SN
Br

A E-1-bromo-2-methylbut-2-ene
B E-2-methyl-1-bromobut-1-ene

E-1-bromo-3-methylpent-2-ene

O O O O
0

D E-1-bromo-2-methylbut-1-ene

(Total for question = 1 mark)

Mark Scheme

Q1.
Question Answer Additional Mark
Number Guidance
(a) (4)
T f
Reaction | Reagent Solvent vpe .0
reaction IGNORE
, ) nucleophilic in first
1 {potass?um Water/ | betitution three reactions but
Hydroxide) | aqueous (1) | penalise
electrophilic/free
. Ethanol/ L radical once only
2 {ammonia) C,HsOH substitution (1) | ALLOW alcoholic
- for reactions 2 and
sodium/ 4
tassi
3 Po a?_:,]um (ethanol) | substitution
cyanide (1) | Do not award:
HaCH/KCH cyanide/CH-/HCN
potassium/
sodium Ethanol/ L _
4 hydroxide | CaHsOH {elimination) | (1) | Do not award OH
KOH/NaOH 8 correct scores 4
marks
6/7 correct scores
3 marks
4/% correct scores
2 marks

2/3 correct scores
1 mark
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Question Answer Additional Guidance Mark
Humber
(b) ALLOW butane nitrile (1)
butanenitrile (1) Butan({e)(1) nitrile
Butanitrile
Do not avard 1-nitrile butane
Question Answer Additional Guidance Mark
Mumber
(c) Example of mechanism: (3)
¢  Curly arrow to show
attack on C-Br
carbon by lone pair
of electrons on the
I of ammonia and
dipole C-Br
o Curly arrovs to show
loss of Br
Leaving groups must be shovn for
M2 and M3 but penalise only once
o Curly arrow to show Could shovws another molecule of
loss of H* from (1) | ammonia or bromide ion acting as a
intermediate base to remove H*
Question Answer Additional Guidance Mark
Humber
(d) This question assesses a student’s Guidance on hovs the mark (6)

ability to shovws a coherent and logically
structured answer with linkages and
fully-sustained reasoning.

tarks are awarded for indicative
content and for how the ansveer is

structured and shows lines of reasoning.

The following table shovs hovr the
marks should be awarded for indicative
content.

Humber of MNumber of
indicative marks
marking avarded
points seen in | for indicative
ansver rmarking
paints
[ 4
-4 3
3-2 2
1 1
1] 0

scheme should be applied.

The mark for indicative
content should be added to
the mark for lines of
reasoning. For example, an
answer with five indicative
marking points that is
partially structured with
some linkages and lines of
reasoning, scores 4 marks (3
marks for indicative content
and 1 mark for partial
structure and some linkages
and lines of reasoning).

If there are no linkages
between points, the same
five indicative marking
points would vield an overall
score of 3 marks (3 marks
for indicative content and
no marks for linkages).

of reasoning.

The following table shows hovw the marks
should be avarded for structure and lines

STEMUP.CO.UK
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Humber of marks
avvarded for
structure and
sustained lines of
reasoning

Ansvrer shows a
coherent and logical
structure vvith
linkages and fully
sustained lines of
reasoning
demonstrated
thoughout.

Ansver is partially
structured with some
linkages and lines of
reasoning.

Ansver has no
linkages between
points and is
unstructured.

In general, it would be
expected that 5 or 6
indicative points would get 2
reasoning marks, and 3 or 4
indicative points would get 1
mark

for reasoning, and 0, 1 or 2
indicative points would
score zero marks for
reasoning.

If there is any incorrect
chemistry, deduct mark(s)
from the reasoning. If no
reasoning mark(s) avarded,
do not deduct mark(s).

Indicative points:
* (mechanism is nucleophilic)
substitution

* (Precipitation/precipitate of) silver
halide forms

+ the time taken for the precipitate to
form/rate of reaction depends on
the carbon - halogen bond strength

s Strength/bond enthalpy of the C-
Halogen bond decreases going down
group 7/any correct comparison of at
least two Hal-C bond strengths RP
(because the atomic radius
increases)

lgnore hydrolysis as given in
the question

Can be shown in an equation
Incorrect colours of ppts
loses 1RP

lgnore length of bond in IP3
and IP4

Incarrect reason for
decrease loses 1 RP. lgnore
references to
electronegativity.

Consideration of
intermolecular forces loses 1

IP5 could be scored by

The reactivity/rate of reaction of the
bromoalkanes increases 1° < 2° < 3%/

1-bromobutane is 12/ 2-bromobutane
is 2° /2-bromo-2-methyl butane is 3°

correct comparison of the
reactivity/rate of reaction
of any 2 bromoalkanes

ALLOW the production of
the appropriate carbocation
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Q2.

Q3.

Q4.

The only correct answer is C (arrow 3)

A 15 not correct because the arrow 1 is correctly used
B is not correct because the arrow 2 is corvectly used
D is not correct because the arrow 4 is correctly used

Q | Answer Mark
r | 1
HaC—C—C—H
The only correct answeris A | CH3 CHy )
B is incorrect because the bromine and chlorine are on the wrong carbon atoms
C is incorrect because there is an additional methyl group
D js incorrect because the chlorine and the bromine are on the same carbon atom
Question | Answer Mark
Number
1
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Answer

Additional Guidance

Mark

(a)

+ [dentification of

suitable reagent(s)

50% / concentrated

and

sulfuric acid / H2S04

and

potassium bromide / KBr

Allow

Other named bromides
Phosphorus and bromine
Phosphorus(V) bromide / PBrs
Phosphorus(lll) bromide / PBra
Thionyl bromide / SOBr2

If the name and the formula are given, then both

must be correct

Do not award dilute sulfuric acid

Answer

Additional Guidance

Mark

(b))

« conditions

Ethanolic / alcoholic (solution)

Allow ethanol / alcohal
Ignore heat / solid / reflux

Do not award agueous solution

Q

Answer

Additional Guidance

Mark

(b)(ii)

CaH7N

Allow elements in any order

lgnore CsH7CN

Q

Answer

Additional Guidance

Mark

(b)(iii)

« nucleophilic
« substitution

(1)
(1)

Allow nucleophile for nucleophilic

Mark independently

List principle applies (further incorrect answers will

each lose a mark)
Allow phonetic spelling
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Q

Answer

Additional Guidance

Mark

(b)iv)

+ dipole and arrow from C-Br
bond to Br*- or just beyond

« arrow from ammonia to C**
and 1 or 2 correct curly
arrows on intermediate
(each from bond or lone
pair to atom)

(1)

(1)

H

&

|
—5 o o3
H

H_

H

II—O—T

“NH5

INH,

H H H H
N
H*NH; H—C—C—C—N
A
H H H H
+ intermediate with charge (1)
« ammonium / H* and Accept bromide and H*/ammonium ions
bromide ion shown anywhere on answer
(i.e. they don’t have to
be with intermediate
and final product respectively)
OR
Allow 3" arrow for M2 to be from bromidd
HBr lone pair to the hydrogen atom
Negative charge on ammonia
OR should be penalised once only
NH:Br Accept correct SN2 mechanism for 4 marks
Total for Question =9 marks)
Q5.
Question Answer Additional Guidance Mark
Number
(a)(@) 1
Ti00 + 2Cl + 2C — TiCly + 2C0O Ignore state symbols even if

incorrect
Allow multiples
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Question Answer Additional Guidance Mark
Number
(a)(ii) 2
* Tiis reduced and from +4 to 0 (1) | Four correct oxidation numbers
with no or mncorrect mention of
« Mg is oxidised and from 0 to +2 1 reduced or oxidised scores (1)
T11s reduced as 1t gams electrons
and Mg 1s oxidised as 1t loses
electrons with no or mcorrect
oxidation numbers scores (1)
Question Answer Additional Guidance Mark
Number
(b) | 2
e hydrolysis (1) | Do not award hydration
o utanium((IV)) oxide/T102 (1) | Ignore hydrogen chlornide/HC!
Allow
trtanium((IV) ) hvdroxide/ T1{OH)4
Question Answer Additional Guidance | Mark
Numbher
(c) 2

Note M2 depends on M1 or near miss eg missing a H

I
(%]

"
[

£3=—L3—L]

H
|

C_
|

H

I—(l'J—'I
C)—0)—0)
s |

Hj

cofrect repeating unit

two repeating units and extension

(1)| Allow adjacent pairs of
methyl groups

(1)| Lgnore square brackets
and subscript n/2

Ignore connectivity of
CH;
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Question Answer Additional Guidance Mark
Number
(d)(1) An answer that makes reference to the 2
following pomnts:
* reagent: potassium hydroxide / (1) | Allow sodium hydroxide /
KOH NaOH
* conditions: aqueous/water (1) | Iznore any reference to
concentration or heat
Allow dilute
M2 dependent on M1or near miss e g
OH ™ wall not score M1 but will allow
access to M2
Question Answer Additional Guidance Mark
Number
(d)(1) An answer that makes reference to the 2
following points:
*+  reagent: (concentrated) Allow (concentrated) sulfuric
phosphoric((V)) acid / H:POs acid
1) Ignore heat
Do not award H:PO;
Allow passing vapour over
porous pot / alumina or any
surface catalyst and heat
* reaction type: elimination/dehydration (1)
Independent marks
Question Answer Additional Guidance Mark
Numbher
(d) (1) An answer that makes reference 2

to the following points:

¢ reagent: phosphorus(V)
chloride/ phosphorus
pentachloride/PCls (1)

¢ equation:
CsHsOH+ PCls —
C4HeC1 + HC1 + POCI;
(1)

Allow thionyl chlonide / SOCI:
Allow phosphorus (IIT) chloride / phosphorus
trichloride / PCl3

Allow
CsHsOH + 50CLh —
502

3C4sHOH + PCl:

C4HoCl + HC1 +
—  3CsHsCl + H3iPO3

Allow skeletal. structural. displaved or
molecular formulae
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reference to the following
points:

¢ conversion of °Cto K

(1

¢ rearrangement of the
1deal gas equation (1)

¢ calculation of pressure
and correct units
given (1)

Examples of calculation

* moles of carbon dioxide | 16 + 44 = 036364 (mol)/ 4=11(mol)
(o8]
e conversion of cm?® tom?® | 20+ 1000000 =2 x 107/ 0.00002 (m®)
(1)

273 + 25 =298 (K)

p= nRT
I)'

03636 x 831 %298 = 45025000 Pa /45025 kPa
2% 107 45x 107 Pa/45MPa

Ignore SF except 1

Allow TE for answers to M1, M2 and M3
But no TE on wrong rearrangement of gas equation

Correct answer, including units with or without
working scores (3)

Question Answer Additional Guidance Mark
Number
(d)(1v) An answer that makes 2
reference to the following
points:
* conditions: alcoholic (1) | Allow ethanol/ethanolic
Ignore heat and concentration
* role of the hydroxide (1) | Allow proton acceptor/reacts with H”
1ons: base
Note answers may be given on
erther line
Question Answer Additional Guidance Mark
Number
(e) An answer that makes 5

Q6.
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Question
Number

Answer

Additional guidance Mark

(a)li)

2F— 1 + 2l (1)
. 2H*+ 2e~ + H,0; — 2H.0 (1)

Ignore state symbols, even if
incorrect

Allow multiples

Allow equations in either order

Allow 21-—2ell — |y (2)

Question
Number

Answer

Additional
guidance

Mark

(a)(ii)

21- £ 2H 4 Hy05 — | + 2H,0

OR

2HI £ Hy05 — 1y + 2H,0

lgnore state
symbols, even if
incarrect

Allow multiples
Mo TE from (a){i)
Do not award

uncancelled
electrans

(1)

Question
Number

Answer

Additional guidance

Mark

(b)(i)

(pale) yellow agueous layer

(1)

Pink cyclohexane layer

(1)

An answer that makes reference to the following points:

Do not award just ‘brown” /
colourless / orange

allow light brown / pale brown /
yellowbrown [ straw

Allow purple / violet

Do not award red / grey

(2)
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Question
Number

Answer

Additional guidance

Mark

(b)(ii)

An explanation that makes reference to the following points:
Cyclohexane and iodine form London forces (between
molecules) (1}

Hydrogen bonds between water molecules are stronger than
London forces (between iodine and water molecules so less
soluble in aqueous layer) (1)

Allow “van der Waals" /
dispersion forces /
instantaneous dipole —
induced dipole forces

Allow ‘Hydrogen bonds in
water are strong’

Allow one mark for answers
that compare type of
attraction without any
reference to magnitude or
answers

based solely on polarity

e.g. Just ‘iodine forms London
forces with cyclohexane but
cannot form hydrogen bonds
with water’ scores 1 mark

‘iodine and cyclohexane are
non-polar,
but water is polar’ scores 1

e.g. ‘Intermolecular forces
formed by iodine and water
are weaker than
intermolecular forces in water’
scores 1

(2)

Question

Answer
Number

Additional guidance

Mark

(c) (Anhydrous) sodium sulfate /Na;50, / magnesium sulfate / MgS0, /
calcium chloride f Cacl; / calcium sulfate / Cas0, / calcium oxide [/

CaD

J/ Caco;

Allow silica gel

Do not award
concentrated
sulfuric acid

/ phosphoeric acid

Do not award CuSQ,

(1)

Q7.
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Questlon Answer Mark
Number
The only correct answer Is B (2-chloro-2-methylpropane)
A is incorrect because a primary alcohol would be formed which would be oxidised
C is incarrect because a primary aicohol would be formed which would be oxidised
D is incarrect becouse a secondary alcohoe! would be formed which would be oxidised
(1
Q8.
Question | Answer Mark
Number
(a) The only correct answer is A (addition) (1)
B iz not correct because it is not an oxidation reaction
C is not correct because it is not a polymerisation reaction
D is not correct because it is not a substitution reaction
Question | Answer Mark
Number
(b) The only correct answer is B (oxidation) (1)
A is not correct because it is not an addition reaction
C is not correct becaiuse it is not a reduction reaction
D is not correct because it is not a substitution reaction
Qo.
Question | Acceptable Answers Additional Guidance Mark
Number
(a)(i) + 4A-methylhexan-2-ol Allow 4-methyl-2-hexanal 1

Allow 4-methylhexane-2-ol
lgnore incorrect punctuation
Do not award 4-methylhex-2-ol
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Question | Acceptable Answers Additional Guidance Mark
Number
(a)(ii) ¢ PCs/ phosphorus(V) Allow concentrated hydrochloric acid / | 1
chloride / conc.HCl
phospharus or
pentachloride thionyl chloride / SOCIz
Allow PCls / phosphorus(lll) chloride /
phosphorus trichloride
Allow conc.H2504 and KCl
If name and the formula are given, both
must be correct
lgnore just HCl / hydrochloric acid
Question| Acceptable Answers Additional Guidance Mark
Number

(a)(iii)

A mechanism that includes the following
points

 arrow from lone pair on nitrogen atom
in ammonia to carbon atom

(1)

¢ dipole shown and arrow from C-Cl bond
to Cl or just beyond (1)

« formula of intermediate including the
+charge onthe N atomand Cl- (1)

e arrow from N-H bond of the intermediate to
N(+ and formulae of products) (1)

See example mechanism below| 4
M1 and M2 can be awarded if
shown in 2 steps, via a
carbocation

lgnore any bases
lgnore missing H”
lgnore errors in hydrocarbon

chain

Example of mechanism

MH,
— /\(‘Y +H*

H

5— H
S5 i
W e WH + ol
\—/lNH-_-,
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Question | Acceptable Answers Additional Guidance Mark|
Number
(b)(i) | An explanation that makes reference 3

L ]

to the following points:

(the bond formed is a) dative
(covalent) / coordinate bond

(1)

As the (lone) pair of electrons
on the nitrogen (atom)

(M

(form the bond) as hydrogen (ion)

has an empty orbital / no
electrons (1)

Allow ‘two electrons from the
nitrogen’

lgnore ‘lone pair on the
ammonia’

Allow can be donated to /
shared with the hydrogen

(ion)

Do not award hydrogen

following points:

¢ dipole on at least one of
the water molecules (1)

¢ DMAA ion is attracted to
slightly negative oxygen
atoms (in water) (1)

» chloride ion is attracted

to slightly positive
hydrogen atoms

(inwater) (1)

surrounding an ion

lgnore lone pairs on oxygen

Allow orientation showing only 1 H
attracted to ion

Allow slight positive charge shown on only
1 H atom

Correct diagram but with missing dipoles
loses M1 but can score M2 and M3
lgnore attempts to show ‘force’ or ‘bond’
e.g. with dashes / arrows

lgnore any additions to the circles

atom
Question | Acceptable Answers Additional Guidance Mark
Number
(b)(ii) | A diagram that includes the must be at least 2 water molecules 3
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Example of diagram for Q bii

Q10.
Question Answer Mark
Number
The only correct answer is C ( concentrated phosphoric acid ) (1)
A is incorrect because this would oxidise the alcohol
B is incorrect because this is a drying agent
D is incarrect because this produces an alkene from a halogenoalkane
Q11.
Question . .
Number Answer Additional guidance Mark

(a)(i) . Do not award just ethanol /
alcohol

But allow “water and ethanol’

water / H;0 / agueous

(1)
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estion
Qu Answer Additional guidance Mark
Number
ii Nucl hili bstituti 1
(a)(ii . correct mechanism name and type tcieophilic substitution (1)
Allow nucleophile for
nucleophilic
lgnore 5y2 or 5,1
Ignore hydrolysis
Question . .
Number Answer Additional guidance Mark

(a)(iii)

A mechanism that shows:

+ dipole on C-Cl bond and arrow from bond to Cl or just

beyond

+ arrow from lone pair on OH- ion to carbon

= both products (1)

I—0—1I
I e () =T
I—0—1I
I=—()—T

(1)

(1) Ignare 5,2 transition state
Do not award M2 if covalent
bond in

KOH

Allow KCl as a product if KOH
or K-is

shown on LHS

Allow skeletal formulae /
CsH;CH.CI

Penalise use of half arrows
once cnly in
M1 and M2

oH *¢

(3)
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uestion
a Answer Additional guidance Mark
Number
(b) Example of calculation (4)

«  moles of alcohol formed (1) 12.1/74.0=0.16351 (mol)

= moles of 1-chlorobutane required (1) (0.16351/64) x 100 = 0.25549
(maol)

= mass of 1-chlorobutane required (1) 0.25549 x92.5 = 23.633 (g)

+  volume of 1-chlorobutane required, to 2 or 35F (1) 23.633/0.886 = 26.674

=26.7 /27 (cm?)
Correct answer with no working
scores 4 marks
Allow TE at each step
lgnore rounding in steps 1-3
lgnare 5F except 1 5Fin
steps 1-3
Units, if given, must be correct
in M4
Q1l2.
edn Answer Additional Guidance Mark
Number
(a) Example of table: (1)
* Dboth _ Halogenoalkane Classification
classifications
correct

Br

secondary

primary

Allow 2° for secondary
Allow 1° for primary
Ignore halogencalkane
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Q_uestmn Answer Additional Guidance Mark
Numbher
(b) An explanation that (3)

makes reference

to the following

points:

Stand alone mark

¢ 2-chloro-2- methylpropane| Allow tertiary / branched chain / more branched
should react halogenocalkanes have a higher rate of hydrolysis than
faster than 1) primary halogenoalkanes
l—10dobu.ta¥1-e Do not award secondary for 2-chlor-2-methylpropane
becgust‘: s Do not award tertiary carbocation
tertiary

¢+ l-iodobutane should Stand alone mark
react faster than
2-chloro-2-methylpropane | Allow just “the C—Ibond 1s weaker / has a lower
because M bond enthalpy than C—CI’
;}:rllihgl_l:nlyb;nlg“-' or Iznore just “bonds in 1-1odobutane are weaker’
enthalpy 1s lower Do not award H-I / H-CI bonds
than C—C1

® 1t 15 not possible to Conditional on two opposing factors

redict the relative . ,
Eﬁ‘ects of these (1) If M1 and M2 scored, allow ‘so 1t 1s not possible to
two opposing factors predict the relative rate of hydrolysis’
/[ structure and
bond enthalpies
Question .. .
~ Answer Additional Guidance Mark
Number

(c)(1)

ammonia (gas) would escape
(from the condenser when
heated under reflux)

or

to prevent ammonia (gas)
escaping (from the condenser

when heated under reflux)

Ignore just ‘ammonia will evaporate’
Ignore concentrated alcoholic
Ignore references to safery

Ignore just “gas / reactant escapes’

Do not award any other substance escaping

(D
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Question

~ Answer Additional Guidance Mark
Number
(c)(u1) Penalise missing lone pair on N once only (4)
Penalise negative charge on NH3 once only
¢ lone pair on N of NH3 Penalise half-arrow heads once only

and
curly arrow from lone pair on

N to, ortowards C (1)

¢ dipole on C-Br
and
curly arrow from C-Br bond to.
or just beyond, Br (1)

¢ lone pair on N of NH3
and
curly arrow from lone pair on

Nito, ortowards H (1)

¢ curly arrow from N-H bond Do not award any charge / dipole on H
to. or towards N (1) Ignore any changes to final products

Example of mechanism:

' + MH4
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Question

- Answer Additional Guidance Mark
Number
(d) Example of calculation: (3)
* calculation of amounts | ¢ KBr = 1490 = 0.12521 (mol)
of KBr and H2504 119
(1 amount H2804 = 16.35 = 0.16667 (mol)
081

¢ calculation of amount amount C2Hs0H =4.65=0.10109 /0.10/ 0.1 (mel)

of C:Hs0OH
and and

statement or implication | a0¥ indication that the limiting reagent 1s C2Hs0H e g by
that this 1s the imiting | vse of mol of ethanol in M3

quantity

0y

e calculation of maximum | (Maximum amount C2HsBr formed = 0.10109 (mol)
mass of CoHsBr formed | maximum mass C:HsBr formed = 0.10109 x 108.9
=11.008/11.01/11.0/11(g)

Allow use of 98 for Mr of H2504 giving 016684 (mol)

46

ability to show a coherent and
logically structured answer with
linkages and fully-sustained
reasoning.

Marks are awarded for indicative
content and for how the answer
15 structured and shows lines

of reasoning.

The following table shows how
the marks should be awarded for
mdicative content.

Number of Number of marks
indicative awarded for
marking points |indicative

seen in answer |marking points

6 4
54 3
2 2

1 1

0 0

The following table shows how
the marks should be awarded for
structure and lines of reasoning.

applied:

The mark for indicative content should be added to
the mark for lines of reasoning. For example, an
answer with five indicative marking points that 1s
partially structured with some linkages and lines of
reasoning scores 4 marks (3 marks for indicative
content and 1 mark for partial structure and some
linkages and lines of reasoning).

If there are no linkages between points, the same
five indicative marking points would yield an
overall score of 3 marks (3 marks for indicative
content and no marks for linkages).

1
@ Allow use of 109 for M; of C2HsBr giving 11.018 (g)
Ignore SF except 1 SF, but allow 0.1 for mol C2HsOH
Question - .. . \
Acceptable Answers Additional Guidance Mark
Number
(e)* This question assesses a student’s |Guidance on how the mark scheme should be (0)
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Number

of marks
awarded for
structure

of answer
and sustained
line of

points and 15 unstructured.

reasoning
Answer shows a coherent and logical q
structure with linkages and fully -
sustained lines of reasoning
demonstrated throughout.
Answer 1s partially structured with 1
some linkages and lines of reasoning.
Answer has no linkages between 0

Comment:

Look for the mdicative marking points
first. then consider the

mark for structure of answer and
sustained line of reasoning

In general 1t would be expected that 3 or 6
indicative points would get

2 reasoning marks, and

3 or 4 indicative points would get 1 mark for
reasoming. and 0. 1 or 2 indicative points would
score zero marks for reasoning.

General points to note
If there 1s any incorrect

chemistry, deduct mark(s)

from the reasoning. If no reasoning mark(s)
awarded do not deduct mark(s).

Indicative content

¢ IP1 —Similarity
Both reactions involve hydroxide ions / OH™

¢ [P2 - Type of reaction
Reaction with aqueous solution is substitution
and
reaction with ethanolic solution is elimination

¢ IP3_—Tvpe of reagent
{(OH 1s a) nucleophile i aqueous solution
and
a base in ethanolic solution

¢ IP4 — Products
In aqueous solution propan-2-ol /
an alcohol forms
and
in ethanolic solution propene / an alkene forms

¢ IP5 - Equation in agueous solution
CH:CHB:CHs; + OH™ —
CH;CHOHCH: + Br

¢ [P6 - Equation in ethanolic solution
CH:CHBCH; + OH™ —

CH;CH=CH: + H:0 + Br

Penalise use of incorrect halogenoalkane once only

Allow OH™ shown with both reactions anywhere in
the answer e.g. in the equations
Allow both reactions need heat (under reflux)

Ignore displacement for substitution

Ignore dehydration for elimination
Do not award dehydrogenation for elimination

If IP2 and IP3 not awarded. allow 1 IP for just
‘nucleophilic substitution” or “elimination by a
base’

This can be scored from the equations

In IP5 and IP6, allow displayed formulae / any
combination of displayed and structural formulae /
skeletal formula

Allow KOH/KBr /K" +0H /K™ +Br

The equations must be balanced

Ignore state symbols even if incorrect

Ignore mechamsms even if incorrect
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Q13.

Q14.

Q15.

Q Answer

Mark

(a) | The only correct answeris A (CHsCHICHs)

bond strength decreases

bond strength decreases

bond strength decreases

B is incorrect because the rate of reaction increases as the carbon-halogen

C is incorrect because the rate of reaction increases as the carbon-halogen

D is incorrect because the rate of reaction increases as the carbon-halogen

Q | Answer

Mark

(b) | The only correct answer is B (CH:CHzCBr({CH:)CHz)

A is incorrect because secondary halogenoalkanes take longer to hydrolyse
than tertiary

C is incorrect because primary halogenoalkanes take longer to hydrolyse than tertiary

D is incorrect because primary halogenoalkanes take longer to hydrolyse than tertiary

Question Answer Mark
number
C  2-chloro-2-methylpropane 1
Question | Answer Additional guidance Mark
number
(a) » Dbalanced equation (1) | L(s) + ClL(g) = 2ICL{) 2
+ all states correct (1) Accept multiples
Question | Answer Additional guidance Mark
number
(b) + correct electronegativity values Cl=3.0andI=2.5 1
and correct dipole diagram 0+ I1—Cl &
Do not award full charges
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Question | Answer
number

Additional guidance

Mark

(c)(i) « 1 mark each cl

correct formula

/

Allow 1 mark for 2 correct non-skeletal formulae

A'/c

Question | Answer Additional guidance Mark
number
{c)(ii) An explantion that makes reference to 3
the following points:
» identification of correct isomer (1) | 2-chloro-1-iodopropane
« iodine is 8+ and is attacked by the = (1)
electrons
+ more stable secondary carbocation (1)
formed.
Question | Answer Additional guidance Mar
number k
(d)(i) An answer that makes reference to 2
the following points:
= carry out in fume cupboard (1) | Allow fume hood or similar description
s chlorine is toxic. (1) | Do not allow ‘harmful’
Question | Answer Additional guidance Mark
number
(d)(ii) |« [linICl =+1 Both needed for the mark 1
linICl, =+3
Question | Answer Additional guidance Mark
number
(d)(iii) [e¢ +5and-1to-1 (and-1) (1) 2
* not disproportionation because (1)
the chlorine has not undergone
both oxidation and reduction
Question | Answer Additional guidance Mark
number
(e)(i) |e correct method M[c,=2x355=71 2
71 + 24000
¢ answer with units (1) | = 0.0029583 g cm™
=3 gdm?
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Question
number

Answer

Additional guidance Mark

(e)(ii)

An explanation that makes

reference to the following points:

» chlorine (gas) is more dense
than air

« chlorine (gas) removed (from
the equilibrium)

* position of equilibrium moves
to the LHS (more brown

liquid/IC1).

(1)

(1)

(1)

Question | Answer Additional guidance Mark
number
(f) s calculation of mols of iodine (1) | Mols of iodine = 0.64 = 126.9 = 5.04 = 2
and fluorine 1072
Mols of fluorine = (1.31-0.64) = 19 =
3.53 =107
e calculation of whole number I:|} Ratio 1:7 therefore formula |F?
ratio and formula
Q1le6.
Question | Answer Mark
number
D nucleophilic substitution 1
Q17.
Q Answer Mark
1

Cl
The only correct answer is C (

A is incorrect because this is a secondary haloalkane
B is incorrect because this is a tertiary haloalkane

D is incorrect because this is a secondary haloalkane

)
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Q1s.

Q1l19.

Question | Answer Mark
Numbher
The only correct answer is D (nucleophilic substitution) 1
A is not correct because the CN™ ion is a nucleophile
and the reaction is a substitution
B is not correct because the reaction is a substitution
C is not correct because the CN™ ion is a nucleophile
Question Answer Additional Guidance Mark
Number
(a) An answer that makes reference to (2)
the following point:
» nucleophilic (1
» substitution (1)
Question Answer Additional Guidance Mark
Number
(b)(1) | An answer that The answers may be shown on the diagram (2)

makes reference
to the following points:

lone pair onthe (1)
nitrogen / N

delta +/8+/partial (1)
positive (charge) on the
carbon (attached

to the chlorine)

lgnore “pairs” if only one lone pair shown on
diagram

lgnore “lone pair on the ammonia/NH;"

Do not award ammonium

lgnore “positive dipole” alone
lgnore any references to missing dipoles on
ammonia molecule

NOTE: The specific carbon does not need to be

referenced but if annotated on diagram must be

correct
Use the list principle for extra comments
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Question Answer Additional Guidance Mark
Number
(b)(ii) | A correctly drawn An example of a mechanism: (3)
mechanism showing:
H HHHH
B EETA
» curly arrow from H—?—?—w‘.l:—{ll l\ll—H E;H_
the lone pair (1) H H HHH
on the oxygen
going to the 1
hydrogen
H HHH H
e curlyarrow (1) L1
from the same H_?_?_?_?"—N + H-0
N-H bond to H H H H H
N atom or + '
Assume arrows drawn are curly
s correct productg |gn0re Spectatﬂr ions
1
(M Penalise the use of ammonia once only i.e. M3
can be awarded for the correct products of
reaction with further ammonia
Covalent bonding in sodium hydroxide loses M1
Missing negative charge on OH" loses M1
Allow structural formulae for M3
Question Answer Additional Guidance Mark
Number
(c) An answer that makes reference| Allow reverse answers (3)

will be slower

o (-Cl has a hig

is a primary

halogenoalka
(rather than a

to the following points:
¢ therate of reaction (1) | Allow less / decreased

for 1-chlorobutane

enthalpy (than C-Br) (1)

her bond | Allow reference to bond strength

* 1-chlorobutane (1) | Allow 1-chlorobutane is 12/ 2-bromo-2-

methylpropane is 3°

ne Allow reference to methyl stabilisation of

tertiary (partial) positive charge(s)

halogenoalkane) on carbon atom(s) B .
Allow reference to stability of carbocations

Do not award alcohol
Do not award secondary / 2°

M2 is dependent on M1
M3 is independent

Allow C-Cl requires more energy to break
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Q20.

Question Answer Additional Guidance Mark
Number
(@)@ )
+ time taken for the (first Allow ppt / ppte for precipitate /
appearance of the )precipitate (of cloudy/ silver halide
silver halide) fo form Allow how fast / how quickly / rate
for time
Question Answer Additional Guidance Mark
Number
(a)(ii) An explanation that makes reference to (2)

the following points:
+ l-iodopropane

« (-] bond weakest/lowest bond
enthalpy

1)
1

Allow any correct formula

Do not award for simply saying the
iodine

/1-iodopropane bond is weakest
M?2 depends on M1

Ignore reference to bond length

Iznore any references to reactivity,
electronegativity/size
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Question
Number

Answer

Additional
Guidance

Mark

(b)

A mechanism that shows:

* dipole on C-Cl bond and curly arrow from bond to Cl or just
beyond

* curly arrow from lone pair on OH™ ion to 6+ carbon

Py
a rH—If—fi".—?—DH +
H HH

1)
1)

Ignore Sx2
transition state
Do not award
curly arrow
from negative
charge on OH

Do not award
M2 if a metal
hydroxide e g.
KEOHhas a

covalent bond

Ignore
products

Penalise use
of half arrows
once only in
M1 and M2

If 5wl
mechanism
M1 as above
and then M2
awarded for
curly arrow
from lone pair
on OH ion to
C+of
carbocation

2
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Question Answer Additional Guidance Mark
Numbher
(c) An answer that makes reference to the (4)
following points:
Accept dispersion forces /
¢ London forces instantaneous dipole-(induced)

(and (permanent) dipole-
(permanent) dipole forces)

1odine atoms are more polanisable
(than chlorine or bronune)/ 1-
1odopropane has more electrons
(than 1-chloropropane and 1-
bromopropane)

{resuliing 1) stronger / more
London Forces (so more energy
required to overcome these
forces)

{(despite) 1-iodopropans having
the weakest (permanent) dipole
/ (permanent) dipole forces

(1)

(1)

(1)

(1)

dipole

Allow van der Waals’

Allow 1odine has more
electrons than chlorine/ bromine
Ignore 1t 15 a larger molecule /
larger molar mass

Do not award 10dine has
stronger/more London forces.
Allow van der Waals /
dispersion forces

Ignore just stronger
intermolecular forces

Do not award M3 if any
indication that covalent bonds
are being broken.

Allow 1-chloropropane has the
strongest (permanent) dipole /

(permanent) dipole forces

Tgnore abbreviations such as 1d-1d
and pd-pd
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Number

Additional Guidance

Mark

(d)

Skeletal formula

Z-but-2-ene

E -but-2-ene

but-1-ene

Allow any order

Allow cis

Allow trans

If only one but-2-ene
isomer 15 given the E/Z
does not have to be
identified

Penalise displayed
formulae only once

All 6 correct scores (3)
4-3 correct scores (2)
2-3 correct scores (1)

No TE of names of
incorrect formulae

3)

Q21.

Question | Correct Answer
Number

Mark

The only correct answer is B

L

A is incorrect as it is 2-chloro-5,5-dimethylhexane
C is incorrect as it is 2-chloro-3,3-dimethylhexane
D is incorrect as it is 1-chloro-3,3-dimethylcyclohexane

cl

Q22.
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Question | Answer Additional guidance Mark
number
(a) » KBr/potassium bromide and (50%) (1) | Both needed for M1 2
sulfuric acid lgnore acid concentration
Allow HBr (dry)
PEBr,/Phosphorus(lll) bromide
PBr,/Phosphorus(V) bromide
* (heat under) reflux (1 Do not allow just heat
M2 conditional on correct or near
correct M1
Question | Answer Additional guidance Mark
number
(b) + C-Br dipole reversed (1) | Allow in any order 3
+ OH to C arrow reversed (1)
* lone pair missing (from OH") (1)
Question | Answer Additional guidance Mark
number
(c) » KOH/potassium hydroxide (1) | Allow HaOH/sodium hydroxide 2
lgnore OH- / alkali
« ethanol(ic)/alcohol(ic) and heat (under (1) | M2 dependent on M1
reflux)
Q23.
Question | Answer Mark
number
D E-1-bromo-2-methylbut-1-ene 1
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