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Please note that these marking instructions have not been standardised based on candidate
responses. You may therefore need to agree within your centre how to consistently mark an item
if a candidate response is not covered by the marking instructions.
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General marking principles for Advanced Higher Chemistry

Always apply these general principles. Use them in conjunction with the detailed marking instructions,
which identify the key features required in candidates’ responses.

(@)

(b)

(c)
(d)

(e)

()

()

(h)

(i)

§))

(k)

Always use positive marking. This means candidates accumulate marks for the demonstration of
relevant skills, knowledge and understanding; marks are not deducted for errors or omissions.

If a candidate response does not seem to be covered by either the principles or detailed marking
instructions, and you are uncertain how to assess it, you must seek guidance from your team
leader.

Do not award half marks.

Award full marks for the correct response to a calculation (including units, if appropriate)
without working. An exception to this is when candidates are asked to ‘Find, by calculation’ or
‘Clearly show your working for the calculation’.

Ideally, numerical values should be given to the correct number of significant figures as shown in
the detailed marking instructions. Full marks can be awarded for values that have one
significant figure fewer and up to two more significant figures than the expected answer.
Exceptions to this rule will be given in the detailed marking instructions. Incorrect significant
figures would only be penalised once in any paper and cannot be applied if marking instruction
(h) has already been applied in the paper.

Where a candidate makes an error at an early stage in a multi-stage calculation, award partial
marks, as shown in the detailed marking instructions, for correct follow-on working in
subsequent stages, unless the error significantly reduces the complexity of the remaining stages.
Apply the same principle for questions that require several stages of non-mathematical
reasoning. The exception to this rule is where the marking instructions for a numerical question
assign separate ‘concept marks’ and an ‘arithmetic mark’. In such situations, the marking
instructions will give clear guidance on the assignment of partial marks.

Ideally, calculated intermediate values should not be rounded. If the candidate has correctly
rounded, the calculated intermediate values can have one significant figure fewer than the data
given in the question but no fewer. For example, if the data in the question is given to three
significant figures, the intermediate value should have no fewer than two significant figures.

In many questions, the unit in which the answer is to be expressed is given. In these questions,
the candidate does not need to state a unit in their answer; but if they do, the unit must be
correct. The full mark allocation cannot be awarded if an incorrect unit is shown. In these
questions, incorrect units would only be penalised once in any paper and cannot be applied if
marking instruction (e) has already been applied in the paper.

Candidates may fully access larger mark allocations whether their responses are in continuous
prose, linked statements, or a series of developed bullet points.

Do not deduct marks for inaccurate or unconventional spelling or vocabulary as long as the
meaning of the word(s) is conveyed. For example, responses that include ‘distilling’ for
‘distillation’, or ‘it gets hotter’ for ‘the temperature rises’, are acceptable. Exceptions to this
rule will be given in the detailed marking instructions.

If a correct response and a wrong response are given, award no marks. For example, in response
to the question, ‘State the colour seen when blue Fehling’s solution is warmed with an
aldehyde’, do not award marks for the response ‘red green’. However, if a correct response is
followed by additional information which does not conflict with that, ignore the additional
information, whether correct or not. For example, in response to a question concerned with
melting point, ‘State why the tube should not be made of copper’, the response ‘Copper has a
low melting point and is coloured grey’ would gain marks.
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(1)

(m)

(n)

(0)

(P)

Q)

(r)

Ignore the omission of one H atom from a full structural formula provided the bond is shown.
Ignore the omission of one bond provided the attached atom is shown.

If a structural formula is asked for, award marks only if the bond points to the appropriate atom.
For example, the structural formulae shown below would not be awarded marks

H H

H—C—C—H OH—CH;  NH,—CH,

OH H

This marking instruction must only be applied a maximum of once per question.

Award marks for a symbol or correct formula in place of a name unless stated otherwise in the
detailed marking instructions.

When formulae of ionic compounds are given as responses, candidates only need to show ion
charges if these have been specifically asked for. However, if ion charges are shown, they must
be correct. If incorrect charges are shown, do not award marks.

If an answer comes directly from the text of the question, do not award marks. For example, in
response to the question, ‘A student found that 0-05 mol of propane, burned to give 82-4 kJ of
energy. CsHs(g) + 502(g) — 3CO,(g) + 4H,0(€). Name the kind of enthalpy change that the
student measured’, do not award marks for ‘burning’ since the word ‘burned’ appears in the
text.

A guiding principle in marking is to give credit for correct elements of a response rather than to
look for reasons not to give marks.

Example 1: If a structural formula is asked for, CH3; and CH3;CH, are acceptable as methyl and
ethyl groups respectively unless the question asks for a skeletal structural formula.

Example 2: If a name is asked for such as 3-methylhexane, then 3, methyl-hexane would be
acceptable although the use of comma and dashes is not correct.

Unless the question is clearly about a non-chemistry issue, for example costs in an industrial
chemical process, do not award marks for a non-chemical response.

For example, in response to the question, ‘Why does the (catalytic) converter have a
honeycomb structure?’, do not award a mark for ‘To make it work’. This response may be
correct but it is not a chemical response.

Only award marks for a valid response to the question asked. Where candidates are asked to:

o identify, name, give or state, they must only name or present in brief form.

o describe, they must provide a statement or structure of characteristics and/or features.

o explain, they must relate cause and effect and/or make relationships between things clear.

e compare, they must demonstrate knowledge and understanding of the similarities and/or

differences between things.

complete, they must finish a chemical equation or fill in a table with information.

o determine or calculate, they must determine a number from given facts, figures or
information.

o draw, they must draw a diagram or structural formula, for example ‘Draw a diagram to show
the part of a poly(propene) molecule formed from two propene molecules.’

o estimate, they must determine an approximate value for something.

o predict, they must suggest what may happen based on available information.

o evaluate, they must make a judgement based on criteria.
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o suggest, they must apply their knowledge and understanding of chemistry to a new situation.
A number of responses are acceptable: award marks for any suggestions that are supported by
knowledge and understanding of chemistry.

o use their knowledge of chemistry or aspect of chemistry to comment on, they must apply
their skills, knowledge and understanding to respond appropriately to the problem/situation
presented (for example by making a statement of principle(s) involved and/or a relationship
or equation, and applying these to respond to the problem/situation). Candidates gain marks
for the breadth and/or depth of their conceptual understanding.

o write, they must complete a chemical or word equation, for example ‘Write the word
equation for the complete combustion of ethanol.’
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Marking instructions for each question

Section 1

Question

Answer

Mark
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Section 2

Question Expected response rr:rxk Additional guidance
1. |[(a) (Electrons) drop to lower (energy) 1 The words in brackets are not
levels required.
(b) | (i) |620 (nm) (2) 2 Additional acceptable answers are
620-4/620-40 (general marking
Partial marking instruction (e)).
1 mark may be awarded for one of As the lowest number of significant
the following: figures in the data is 3 the range in
the answer can be between 2 and 5
use of correct equations - significant figures.
c=fAAND E = Lhf
If intermediate rounding has taken
OR place when using the c=fA and E =
Lhf separately then general marking
Lhc instruction (g) applies.
use of E :T
For an intermediate value of
OR 4-84 x 10" for frequency the
acceptable answers are:
Lhc 620/619-8/619-83
use of A=——
E For an intermediate value of
4-836 x 10™ for frequency the
OR acceptable answers are:
620/620-3/620-35
direct substitution into any of the
correct equations above There are other acceptable
answers and if the answer given is
not shown above, then the marker
should perform the candidate’s
calculations to check that the
answer is correct and complies
with general marking instructions
(e) and (g).
Units not required but must be
correct if given. General marking
instruction (h) applies.
(i) | Calcium 1 Allow follow through from b(i).
(c) | (i) |(The (total) entropy of a reaction 1 The words in brackets are not

(system) and its surroundings always
increases (for a spontaneous
process)

required.
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Question

Expected response

Max
mark

Additional guidance

(©)

(if)

490 (K) (2)

Partial marking
1 mark may be awarded for one of
the following:

Use of AG=AH-TAS

OR

Use of T = A—H
AS

OR

correct substitution of values
directly into the above equations.

OR

reaction is feasible when AG=0

Additional acceptable answers are
500/491/491-2 (general marking
instruction (e)).

As the lowest number of significant
figures in the data is 2 the range in
the answer can be between 1 and 4
significant figures.

Units not required but must be
correct if given. General marking
instruction (h) applies.
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Max

Question Expected response mark Additional guidance
(a) Octahedral 1
(b) 7 1
(c) | (i) | Amminepentaaquanickel(ll) 1 The name of the complex ion must
be spelled exactly as shown.
OR
monoamminepentaaquanickel(ll)
(i) | Forms only one bond (to the metal) 1 The words in brackets are not
required.
OR
donates/shares one (lone/non-
bonding) pair of electrons
(d) [() |2/2/second 1 Two is not an acceptable answer.
(ii) | 5200 (1) 2
l mol's* 1) The units can be in any order.
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Max

Question Expected response mark Additional guidance
(@ | (@) |[sp? 1 The number 2 does not need to be
superscripted but must come after
the ‘sp’.
(ii) | Side-on overlap of (parallel 1 The words in brackets are not
atomic/p) orbitals (that lie required.
perpendicular to the axis of the
covalent bond) The mention of overlap of molecular
orbitals is not acceptable.
No mark is awarded if any mention
or drawing of s orbitals
(iii) | Short conjugated system 2
OR
few atoms in the conjugated system
OR
delocalised electrons over a small
number of carbon atoms
OR
molecular orbital over a small
number of carbon atoms (1)
AND
A large amount of energy is required
to promote an electron from HOMO
to LUMO
OR
Large energy gap between
HOMO and LUMO
OR
the energy gap between HOMO and
LUMO is not small enough to absorb
visible light (1)
(b) | (i) | (electrophilic) substitution 1 The words in brackets are not
required.
Nucleophilic substitution is awarded
zero marks
(ii) | CoH1z 1
(iii) | More stable carbocation formed 1

OR

Secondary carbocation is more
stable than primary carbocation
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Max

Question Expected response mark Additional guidance
(a) Calcium carbonate/limestone is 1
insoluble.
(b) | (i) |Moles of HCl = 0-0253 (2) 2 Additional acceptable answers are

Partial marking

1 mark may be awarded for one of
the following:

calculating moles of NaOH in the
10-15 cm? average titre volume
(3-045 x 103 moles)

OR

correctly multiplying an incorrectly
calculated moles of NaOH in titre
volume or moles of unreacted HCl in
the sample by 4

OR

correctly subtracting a calculated
number of moles of HCL, left
unreacted in the volumetric flask,
from the number of moles of HCl at
the start (1)

0-025/0-02532 (general marking
instruction (e)).

As the lowest number of significant
figures in the data is 3 the range in
the answer can be between 2 and 5
significant figures.

If intermediate rounding has taken
place then general marking
instruction (e) applies.
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Question

Expected response

Max
mark

Additional guidance

(b)

(if)

97-4% and yes (2)

Partial marking
1 mark may be awarded for one of
the following:

applying the 2:1 mole ratio to
determine the moles of calcium
carbonate present.

OR

correctly calculating a mass of
calcium carbonate from an incorrect
number of moles

OR

correctly calculating a percentage
CaCO; from an incorrect mass

Additional acceptable answers are
97/97-41/97-405 (general marking
instruction (e)).

As the lowest number of significant
figures in the data is 3 the range in
the answer can be between 2 and 5
significant figures.

A correct numerical answer and yes,
with no working, would be awarded
2 marks.

If intermediate rounding has taken
place then general marking
instruction (g) applies.

If the mass of CaCOs is rounded to
1-27 g then the acceptable answers
are 97/97-7/97-69/97-692

Allow follow through from (b)(i).
If the candidate uses the answer
0-02532 from (b)(i) then the
acceptable answers are
97/97-5/97-48/97-482

There are other acceptable
answers and if the answer given is
not shown above, then the marker
should perform the candidate’s
calculations to check that the
answer is correct and complies
with general marking instructions

(e) and (g).

A maximum of 1 mark should be
awarded if the candidate has not
correctly indicated whether the
limestone is suitable from their own
calculated results.
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Question

Expected response

Max
mark

Additional guidance

(c)

Award 3 marks where the candidate
has demonstrated, at an appropriate
level, a good understanding of the
chemistry involved. They show a
good comprehension of the
chemistry of the situation and
provide a logically correct answer to
the question posed. This type of
response might include a statement
of the principles involved, a
relationship or an equation, and the
application of these to respond to
the problem. The answer does not
need to be ‘excellent’ or ‘complete’
for the candidate to gain full marks.

Award 2 marks where the candidate
has demonstrated, at an appropriate
level, a reasonable understanding of
the chemistry involved. They make
some statement(s) that are relevant
to the situation, showing that they
have understood the problem.

Award 1 mark where the candidate
has demonstrated, at an appropriate
level, a limited understanding of the
chemistry involved. They make some
statement(s) that are relevant to the
situation, showing that they have
understood at least a little of the
chemistry within the problem.

Award 0 marks where the candidate
has not demonstrated an
understanding of the chemistry
involved. There is no evidence that
they have recognised the area of
chemistry involved, or they have not
given any statement of a relevant
chemistry principle. Award this mark
also if the candidate merely restates
the chemistry given in the question.

Candidates may use a variety of
chemistry arguments to answer this
question.

Award marks based on candidates
demonstrating overall good,
reasonable, limited, or no
understanding.
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Question

Expected response

Max

Additional guidance

Partial marking
1 mark may be awarded for one of
the following:

Correctly calculating moles of H,O
(0-00933) AND moles of CoCl;
(0-00157)

OR

correctly calculating the GFM of
CoCl;-nH;0 (0-372/0-00157 = 236-9)
AND correctly calculating the mass
of water by subtracting the GFM of
CoCl; (236-9-129-9 = 107)

OR

correctly calculating a value for n
using incorrect moles of CoCl; or H,0

OR

correctly calculating a value for n
using incorrect GFM for CoClz-nH;0
or CoCla.

mark
(@) | (i) |1s22s?2p® 3s? 3p® 3d’ 1 Non-superscripted numbers are

acceptable.

OR

(] [v] [w[n]n] [o] [w[a[n] [wa] [} All of the orbital boxes opposite

T I 3d must be shown and clearly labelled.
Single or double headed arrows are
acceptable.
Accept diagrams showing an empty
4s orbital box.

(i) |2+/+2 1 Number can be in words/numerals
but must include the charge/sign.
(b) | (i) |Heating substance (1) 2 The words in brackets are not

required.

All three of the following are

required for 1 mark:

Cool/leave in a desiccator (to

prevent absorption of water)

AND

Weigh

AND

Repeat (the steps of heating, cooling

and weighing) to constant mass (1)

(i) |6 (2) 2 General marking instruction (e) does

not apply as the answer given must
be a whole number.

An answer of 6 with no working
would be awarded zero marks.

If intermediate rounding has taken
place then general marking
instruction (g) applies.
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Question

Expected response

Max
mark

Additional guidance

(c)

(i)

EDTA

(if)

Colorimetry

OR
Spectrophotometry
OR

Atomic emission/absorption
spectroscopy

OR

Precipitation
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Question

Expected response

Max
mark

Additional guidance

(@)

The candidate answer must show
that they have correctly worked out
the number of moles of each
element: 3-33C; 6-70H; 3-33 0

C3H¢O3

The elements can be in any order.

[COOH]* / [COH]*
OR

“COOH / *CO,H

OR

[CHsCHOH]* / [C2HsO]*
OR

CH3C*HOH / *CyHs0
OR

[CH3CH,0]*

OR

CH3;CH20* / C3Hs0*

Positive charge must be present.

The positive charge must not be on a
hydrogen atom, for example, COOH*

Round brackets are also acceptable.

H 0

PP N
b

OR

CH3CH(OH)COOH

OR

any other correct structural formula

Markers should check that the
connectivity of the atoms is correct -
general marking instruction (l).
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Question Expected response BT Additional guidance
mark
(a) 1 Markers should check that the
H  CH; H H H connectivity of the atoms is correct -
| | | | | general marking instruction (l).
T
H H H H H
OR
L
H—(|Z—(|Z—(|Z—O—C2H5
H H H
OR
any other correctly drawn structural
formula
(b) Carboxylic acids 1
(c) | Two correct curly arrows (1) 2 Double arrow heads are required for
both curly arrows.
H B H -
H_IC_H H_l_H The curly arrow from the
| | nucleophile must come from the
”_T—C”3 > H_IC_C“S carbon and point to the space
=c " ‘c /) N S between this carbon and the correct
SIS < .
N A a S carbon in the haloalkane.
Transition state (1) The other curly arrow must start
from the middle of the C — Cl bond
and point towards the chlorine
atom.
Transition state must be inside
brackets with a negative charge
outside of the brackets.
Markers should check that the
connectivity of all of the atoms is
correct in the transition state
structure - general marking
instruction (l) applies.
(d) | (i) |Ethanol/alcohol 1
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Question

Expected response

Max
mark

Additional guidance

(d)

(if)

278 cm3/0-278 | 3)

Partial marking

1 mark may be awarded for the
correct unit for a calculated final
volume.

(1)
1 mark may also be awarded for one
of the following:

Correctly calculating the theoretical
yield of methylpropene -

460 (cm?3) / 0-46 (1) / 1-12 (g)

OR

correctly calculating 60.4% of an
incorrect theoretical yield

OR

correctly calculating 60-4% of 0-02
moles (theoretical) methylpropene
(0-01208 moles).

OR

correctly multiplying an incorrect
moles (actual) methylpropene by 23.

Correct units are required in this
question.

L is also an acceptable abbreviation
for litres.

Additional acceptable answers are:

280/277-8/277-84 (cm?)
OR

0-28/0-2778/0-27784 (1)

(general marking instruction (e)).
As the lowest number of significant
figures in the data is 3 the range in
the answer can be between 2 and 5
significant figures.

General marking instruction (g)
applies to the calculation and so
alternative answers are shown
below:

If 0-0121 moles of methylpropene is
used then the acceptable answers
are:

280/278/278-3 (cm?)

OR
0-28/0-278/0-2783 (1)

If 0-012 moles of methylpropene is
used then the acceptable answers
are:

280/276 (cm3)

OR
0.28/0.276 (1)

0-02 is an acceptable number of
moles of methylpropene rather than
0-0200 in this question.

There are other acceptable
answers and if the answer given is
not shown above, then the marker
should perform the candidate’s
calculations to check that the
answer is correct and complies
with general marking instructions

(e) and (g).
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Max

Question Expected response mark Additional guidance
(a) CHs;COOr 1 Negative charge must be present on
the O.
OR
any correct structural formula
(b) | () |4-36 3) 3 Additional acceptable answers are:
4-4/4-362/4-3621 (general marking
Partial marking instruction (e)).
1 mark may be awarded for: As the lowest number of significant
figures in the data is 3 the range in
correctly calculating concentration the answer can be between 2 and 5
of sodium ethanoate = 0-200 (mol L") significant figures. The volume of
the 250 cm3 of buffer solution is
taken as being to 3 significant
1 mark may also be awarded for one figures since it would have been
of the following: made up in a standard flask.
[acid]
pH =pK, —log,,———

[salt] General marking instruction (g)

OR applies to this calculation.
However, 0-2 (mol ") is acceptable
direct substitution of values into for the concentration of sodium

[acid] ethanoate rather than 0-200.

pH = pK, —log,, Tealt]

[sa t] There are other acceptable
answers and if the answer given is
not shown above, then the marker
should perform the candidate’s
calculations to check that the
answer is correct and complies
with general marking instructions
(e) and (g).

Award 2 marks for correctly

calculating a pH from an incorrect

sodium ethanoate concentration.
(ii) | The concentration of the acid and 1 The words in brackets are not

salt will change by the same amount
OR

the acid and the salt are diluted by
the same amount

OR

(the concentration) ratio of the acid
and salt is unchanged

required.
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Question

Expected response

Max
mark

Additional guidance

(©)

Use the same volume of each buffer
solution (1)

Then,

measure the (rise/change in) pH
after the same volume/moles of
alkali has been added

OR

the solution which shows the
smallest change in pH when the
same volume/moles of alkali has
been added has the larger buffer
capacity

OR
measure the volume of alkali

required to raise the pH by the same
value/from pH5 to 6. (1)

Candidates may mention specific
quantities in their experimental
procedure and as long as they fit
with the general procedures
opposite then the marks should be
awarded.

The words in brackets are not
required.

Other specific pH changes are
acceptable as long they are from
pH5 to a higher value and it’s clear
the same pH change is used for both
buffers.
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Max

Question Expected response mark Additional guidance
(a) (A substance that) alters the 1 The words in brackets are not
biochemical processes in the body. required.
(b) Inhibitor 1
(c) 2500 (ppm) 1 Additional acceptable answers are:

2000/2480/2483 (general marking
instruction (e)).

As the lowest number of significant
figures in the data is 2 the range in
the answer can be between 1 and 4
significant figures.

If intermediate rounding has taken
place then general marking
instruction (g) applies.

If mass of methotrexate in the dose
is rounded to 5-7 mg then the
acceptable answers are:
2000/2500/2480/2478

Units not required but must be
correct if given. General marking
instruction (h) applies.
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Question

Expected response

Max
mark

Additional guidance

(d)

Award 3 marks where the candidate
has demonstrated, at an appropriate
level, a good understanding of the
chemistry involved. They show a
good comprehension of the
chemistry of the situation and
provide a logically correct answer to
the question posed. This type of
response might include a statement
of the principles involved, a
relationship or an equation, and the
application of these to respond to
the problem. The answer does not
need to be ‘excellent’ or ‘complete’
for the candidate to gain full marks.

Award 2 marks where the candidate
has demonstrated, at an appropriate
level, a reasonable understanding of
the chemistry involved. They make
some statement(s) that are relevant
to the situation, showing that they
have understood the problem.

Award 1 mark where the candidate
has demonstrated, at an appropriate
level, a limited understanding of the
chemistry involved. They make some
statement(s) that are relevant to the
situation, showing that they have
understood at least a little of the
chemistry within the problem.

Award 0 marks where the candidate
has not demonstrated an
understanding of the chemistry
involved. There is no evidence that
they have recognised the area of
chemistry involved, or they have not
given any statement of a relevant
chemistry principle. Award this mark
also if the candidate merely restates
the chemistry given in the question.

Candidates may use a variety of
chemistry arguments to answer this
question.

Award marks based on candidates
demonstrating overall good,
reasonable, limited, or no
understanding.
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Max

Question Expected response mark Additional guidance
10. | (@) | (i) |58:1(g) 2 Additional acceptable answers are:

58/58-09/58-088 (general marking

Partial marking instruction (e)).
As the lowest number of significant

1 mark may be awarded for: figures in the data is 3 the range in
the answer can be between 2 and 5

correctly calculating the value for n significant figures.

= 0-00892
A correct answer with no working is

OR worth 2 marks.

correctly calculating a GFM using an If intermediate rounding has taken

incorrect value for n (1) place then general marking
instruction (g) applies.
If the value for n used is 0-0089 then
the acceptable answers are:
58/58-2/58-20/58-202
If the value for n used is 0-00892
then the acceptable answers are:
58/58-1/58-07/58-072
If the value for n used is 0-008918
then the acceptable answers are:
58/58-1/58-08/58-085
Units not required but must be
correct if given. General marking
instruction (h) applies.

(ii) | Propanone/propanal 1

OR

C:HsO

OR

a correct structural formula for

propanone/propanal

OR

any other carbonyl compound that

fits the GFM calculated in (a)(i).

(b) The boiling point (of butanoic acid) 1 The words in brackets are not

is above 100 °C/the boiling point of
water

OR

the water (bath) cannot reach a high
enough temperature.

required.
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Question

Expected response

Max

Additional guidance

mark
11. | (@) | (i) [Ig(aq)} 1 State symbols are not required but
= any that are given must be correct.
[L,ag) ][ T (aq) |
lon charges must be shown.
OR
K [I;] Square brackets must be used.
L))
(i) | 779 2 Additional acceptable answers are:
780/779-4/779-41 (general marking
Partial marking instruction (e)).
1 mark may be awarded for one of As the lowest number of significant
the following: figures in the data is 3 the range in
the answer can be between 2 and 5
calculating the equilbrium significant figures.
concentration of I =0-123 (mol ")
If intermediate rounding has taken
OR place then general marking
instruction (g) applies.
correctly calculating a value for K
using an incorrect concentration for If the candidate incorrectly uses
one of the species. 0-239 mol ! for the concentration of
I', the acceptable values for 1 mark
are: 401/401-1/401-12
There are no units for an equilibrium
constant. Therefore, if any units are
given they will be incorrect and
general marking instruction (h)
applies.
(b) Structure depends on VSEPR/ 2

minimising repulsion/minimising
repulsion between lone/non-bonding
pairs

OR

repulsion is greatest between
lone/non-bonding pairs

(1)
(In B) the lone/non-bonding pairs are
120° from one another

OR

in A the lone/non-bonding pairs are
90° from one another

OR

the angle is greater between
lone/non-bonding pairs (in B)

OR

the lone/non-bonding pairs are
further away from each other (in B)

(1)
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Max

Question Expected response mark Additional guidance
12. | (a) 0 1
0" N
(b) To prevent reactant/product/vapour 1
from escaping
OR
to allow prolonged heating
(c) Distillation 1
(d) Elimination 1
(e) (Slightly) positively charged 1 The words in brackets are not
hydrogen (in HBr) required.
OR
Brd-
(f) | (i) |The (benzoate) ion from the salt 2 The words in brackets are not
removes/reacts with H* from the required.
water
Zero marks are awarded for
OR “It is the salt of a strong base and a
weak acid” without further
the conjugate base of the weak acid, explanation.
removes/reacts with H* ions from
the water (1
This results in the water equilibrium
shifting to the right hand side
OR
shifting to the left hand side if
candidate has written an equilibrium
reaction with ions on the left hand
side
OR
this results in excess OH" ions from
the water equilibrium. (1)
(ii) | Filtration 1
(g) Recrystallisation 1
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Max

Question Expected response mark Additional guidance
12. | (h) | (i) |Pure benzoic acid 1
(i) | Any mention of measuring or looking 2 The statement “The sample is pure
up the melting point of pure benzoic if the mixed melting point is the
acid 1) same as pure benzoic acid,” would
be awarded 2 marks.
Correctly linking the mixed melting The statement, “The sample is
point value to the purity (1) impure if the mixed melting point is
lower than pure benzoic acid,”
would also be awarded 2 marks.
(i) Spectrum C 2

No C=0 peak at 1700 cm! in
spectrum C

OR

spectra A and B have a C=0 peak at
1700 cm'. (M

[END OF MARKING INSTRUCTIONS]
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Exemplification of Marking Instructions

Question 1(b)(i)

(b) A firework produced coloured light with energy of 193 kJmol™.

(i) Calculate the wavelength, in nm, of this coloured light. 2

Example 1

E=- LVWS

OGO
_\oooE. 1430060
5= e\ ] (N
= 4.3y xw't

N=- &

5
e .

2 marks

There is intermediate rounding of the value for frequency, and this value is given to 3 significant
figures. General marking instruction (g) applies. The data is also to 3 significant figures and so
this rounding is acceptable (a minimum of 2 significant figures would be allowed.)

Example 2
= L&
_E \9%
8 T OTRW T 6027107 o0 Y
= 4L.83%3%6 x (0"
C- 5> 3
.—a—-— - }_:_'—Q—-' Wt
N £ T L.33S6 x 1O
= 620403
1 mark

The candidate has not multiplied by 1000 when calculating the frequency.
1 mark is awarded for stating E = Lhf and ¢ = fA.



Example 3

E= KWK

falsYel
oo € 1000 = \A3
% * l\\’\ 6-02?(0"’. s.bz¥|°".*
= A.8B3 x T
C:’ c$>~ <

ol !0
. T

1 mark

The candidate has incorrectly rounded the value for f (should be 4-84 x 10'#) and so the final
answer is not correct. 1 mark is awarded for stating E = Lhf(/1000) and ¢ = fA

Example 4
£ L\c
(o]0}
LW 6ol & Clrrd e 3xi0t
)\=/DOOE T T \oso = 1}
» §20-403
1 mark

The candidate has calculated a correct final value. However, that value is quoted to 6 significant
figures, which is out with the acceptable range. General marking instruction (e) applies. 1 mark is
deducted assuming that this is the first time the significant figures rule or the units rule has been
applied in the paper.

Example 5

192 = LUK

[faleYe)
g = ‘_C_‘.é.?i.o__ e .83, x o'
-\

<
XA =T [Bieio™ » 0000620

1 mark

The candidate has not correctly converted the final answer into nanometres.
1 mark is awarded for direct substitution into E = Lhf and ¢ = fA.



Question 1(c)(ii)

(c) Fireworks also contain potassium nitrate, which decomposes when
heated to produce oxygen.

2KNO,(s) — 2KNO,(s) + 0,(g) AH® = +250 kJmol™"
AS® = +509 JK™ mol™

(i) Calculate the temperature, in K, above which this reaction
becomes feasible. 2

Example 1

AR SRS

| = AG_A\—\ s O-250
“s 0504
= =g\ K

1 mark

The candidate has not correctly rearranged AG = AH-TAS and has ended up with a negative value
for the temperature. 1 mark is awarded for stating AG = AH-TAS.

Example 2
‘Qé,a\'\,fras
Cee\l . @6 = O
—, A\ . 230
V't ==t §%oy T MAVK
1 mark

The candidate has stated a correct numerical answer. Although the unit does not need to be given,
the candidate has given an incorrect one (should be K not k). General making instruction (h)
applies. 1 mark is deducted assuming that this is the first time the units rule or the significant
figures rule has been applied in the paper.

Example 3
O = 250 - (E04-T)
250 |
/‘-—r —fg—a'g\" = O-49
1 mark

The candidate has not divided the value for AS by 1000 and therefore the answer given is not
correct. 1 mark is awarded for either direct substitution into AG = AH-TAS or for realising that
AG = 0.



Example 4

1 mark

The candidate has rearranged AG = AH-TAS incorrectly and also has not divided the AS value by
1000. The answer given is, therefore, incorrect. 1 mark is awarded for stating that AG = 0.



Question 3(a)(iii)

(111) Colour arises in some aromatic compounds due to absorption of
visible light.

Explain why the conjugated system in benzene results in

absorption of ultraviolet light and not visible light. 2
Example 1
— ’
\ o0 M‘c&. \S ‘“J '&b

?fou.ao\c. an q.\.gé.,.. z Yowo

e LUMO o 5ot Wy el
%« A\ ‘uk ck A se.g\f\“
1 mark
The first mark cannot be awarded since there is no mention of the size of the conjugated system.

The second mark is awarded for implying that a lot of energy (‘too much energy’) is required to
promote an electron from HOMO to LUMO.

Example 2
lL\M onk\ WA GA a&huﬁ \:mm\«&
\a ‘“..g Co_\h&bxo\ Smw\ .$§ &Mu«&.
ltis vaeans A\e ana oy \J«uuﬁ
Howo aed LUwd W e\
OAJ\ Coth&?wl\ )tn \\7& - l(\'?i’h
u-\"NNu\m\ t..\ of N €S,

2 marks

The first mark is awarded for a ‘there aren’t many atoms involved in the conjugated system’ which
suggests that there are few or the conjugated system is small.
The second mark is awarded for the ‘energy gap between HOMO and LUMO is too large’.

Example 3

I\ . s )

The first mark cannot be awarded since there is no mention of the size of the conjugated system.
The second mark cannot be awarded since there is no mention of what the energy gap is between.



Example 4
-‘—(-\:: Mwba) 8’0.7*:“& '\“ Qaua\\

6n dedii e LU0 A FYOWO

w oo \wz,. X cnus?o«& e \\'a,l:k

w Aa KRR\ 4 Qqc\ .% A\ <‘¢Aﬂm-\ .

—T::Ls % \OG.GMQC. —\\'\l. CoA\w t\‘.x < sk‘“
\S )ﬂ. s»«-&l A ¥¢ﬁit9t.8 0

1 mark

The first mark is awarded for ‘the conjugated system is too small.’
The second mark cannot be awarded since, although, the candidate states a large amount of

energy is required, the rest of the statement is incorrect, - ‘promote an electron from LUMO to
HOMO.’



Question 4(b) (comprising parts (i) and (ii) with follow through)

(b) 1-30 g of limestone was reacted with 25-0 cm? of 1-50 mol ™!

hydrochloric acid. The resulting solution was transferred to a 100 cm?

volumetric flask and made up to the mark with deionised water.

CaCO, + 2HCl — CaCl, + H,0 + CO,

25-0 cm?® samples of this solution were then titrated against 0-300 mol I’

sodium hydroxide.

HCl + NaOH — NaCl + H,0

Titration Titre volume (cm?)
1 10-1
2 10-7
3 10-2

(i) Calculate the number of moles of hydrochloric acid that reacted

with the calcium carbonate in the limestone.

(ii) Only limestone with a calcium carbonate content greater than 95%

can be used to produce slaked lime.

Determine whether this limestone sample could be used to
produce slaked lime.

(Clearly show your working for the calculation.)

Example 1

Part (i)
Aﬂmy. k-\L(Q - 1014S cws
Wl.. oy - oz x oo\ S
= - 003
N\ = o003
=0-0\2 -

Mdee Ha G shd) -

2S5 e
OO e

e

O-62% x \'S

= O-O\S
M.\\u Hcl ru.c\..k s O-0%IS - O-0\Z
= O 0255
Part (ii)
Mo\g f‘ax"\a HC\ H C“COS
2 \

O-0285 ¢ O-0o\21S
Mass C-C(J_l. - O-012715 »x \QO.\

- I-283

. . \-23
7% (o, = Tzg = ©O

= AR

1 mark

The final answer is not acceptable since there
was inappropriate rounding of the moles of
NaOH in the titre. The minimum number of
significant figures allowed is 2. General
marking instruction (g) applies.

1 mark is awarded for either:

correctly multiplying moles of HCl by 4

OR

correct subtraction of unreacted moles of HCl

1 mark
Follow through is allowed from part (i).

The candidate has correctly calculated a final
percentage for the limestone based on their
value in part (i). However, they have not
indicated whether this limestone could be used
to produce slaked lime and so a maximum of 1
mark is awarded.



Example 2

Part (i)

Mo\:\ “00‘('\ = 0-3 x O.0W0\S
= O O0ous
MD\AQ wen 2 O.00%0uS (\.u\rutshn>

Ma\c( HC\ ‘k ‘:xbv\ = 0'03-‘;

Whotae \'\C\ (ng\“‘\ = O-0 NS —0.0QSN(
= O-03usS

Part (ii)

Mlee A\ = Ol0za S

MO\I‘ C\(OS = OO\jlg

Macs CaCO, = 100:\ < O-0V125”
= \.13 3

2 C~Co.$ . \\'71,; \0O = {23/,

i
e e 6.\0001. qs—7. e at—$

Example 3

Part (i)

NLoW = 0.3 x 001033
S
2 00032\ 1w ASew
= 0-0\24 1~ l00en’
NLoH el = 1) 9 Yoy = 0002y

ua\n “\C\ ﬁu.\ul + O- OS—‘g -0O-0\t\y
= 0.0%

Part (ii)

oy GCo, = 200
> alLo, = O-0\15S
Vee GCO = O-01256 x 0o\

bod |l§63
/s Go, = 3-;%_%5’- x 0o =A%

= \¢S

1 mark

The candidate has not multiplied the moles of
NaOH by 4 and so the final answer is not
correct.

1 mark is awarded for either:

correctly calculating mole of NaOH in titre
OR

correct subtraction of unreacted moles of HCl
from moles at start.

2 marks

Follow through from the previous questions is
allowed. Despite the impossible percentage,
the candidate has correctly performed this
part of the calculation and given an answer to
an appropriate number of significant figures.
The candidate has also given an appropriate
determination and so full marks are awarded.

1 mark

Although, 0-025 is an acceptable answer, the
candidate has not arrived at it by using the
correct value for the average titre volume.
Therefore full marks cannot be awarded.

1 mark is awarded for either:

multiplying moles of NaOH by 4

OR

correct subtraction of unreacted moles of HCl
from moles at start.

2 marks

The candidate has used the unrounded value
from the previous question and performed this
part of the calculation correctly to give an
acceptable answer.



Example 4

Part(i)

(\f\\aOl’l : 0% OO
s 3'0‘-(§ - Z(»«"
AR - 1003

A 2aE G )
Part (ii)

Wl GCOS « 1248 3 £.09
GF GCo, = 100\
Meacs GaCO, = \00.\ = 6-0%
* 609 -b
% GCO,» SR 1068

=12 o . 0212% 9N

1 mark

The candidate has not changed cm? into litres
before calculating the number of moles. The
subtraction has not been carried out.

1 mark is awarded for correctly multiplying an
incorrect number of moles of NaOH by 4.

1 mark

Follow through from the previous question is
allowed. However, the candidate has not
performed the percentage calculation
correctly.

1 mark is awarded for either:
correctly applying the 2:1 mole ratio

OR
correctly calculating a mass of CaCO3 from

moles.



Question 4(c) - Open-ended Question

Remember, open-ended questions are marked holistically according to whether the candidate has
provided a good, reasonable or limited response to the problem at Advanced Higher level. Zero
marks can be awarded if the response is not related to the problem or not at an appropriate level.

(c) Using your knowledge of chemistry, discuss possible sources of error in
this volumetric analysis and how the accuracy of the final percentage
could be checked. 3

Example 1
————
hare

I M\r* \A‘u \m \H\\Q‘Lh\(t W“g
Q\-‘A *"SA k ftoa "\\& k:ft‘%g, Ma\s& Suce

Hhe el & Wl bdea o S e
L ol 3 e

0 marks
This is the level of response that may be expected from a National 5 candidate. This is not the

type of error the question is alluding to. There is no response to the question at an appropriate
level.

Example 2
be Sowa 055 ’“M. Casv.wm« Cw\ow;b
e ..'x fns\o& \-;-\k '“..4. Ag:ﬁ-

0 marks

Again, this is the level of response that may be expected from a National 5 candidate and not an
appropriate level for Advanced Higher.

Example 3
K e CMgtcs\N‘“\\““ Ok ‘k\aﬁ %o&wu& \nacl,ﬂv.;l‘
5&4\\@\ M\TA* ot Ve accualy e S\‘AL
Wava &m 's)ﬂm&n&&.aé\,

1 mark

The candidate has shown a limited understanding of the problem at Advanced Higher level by
making a statement that the NaOH solution should have been standardised.



Example 4
e accvmen ok M el cald wspased
\,.br-‘u.\\ Nia ex ?m...._:k o “(\\..:3 Qan
ONewal . AQw wadea Sara ’(\A&k Nare =s
a wbde R vade e QL sn Al K
¢o\our c\w«y_ % c\e“ %.....\ SS\“\'“
o %c.a ANl :«‘L odd e s\;;A\o.. AOP
Ba dap 0ad ™Y o ¢ e, You eodd
Q}b“l‘tAC.QQ_ '\\\c (\Q\-r -‘ng.

1 mark

Although, the steps outlined by the candidate do make for good practice, they do not address the
problem at an appropriate level and would not be given credit. However, the candidate does show

a limited understanding by stating that the solutions could be standardised.

Example 5
LTSS U U € VLG VU N RN - o
U\o& - '“-u. Ax\wuxr\o-a &u.-\ WAR oSuTe \}o\“mﬁ

thu.&\ \\M,& . Sowa uuxw\?-vf\ A—A&
°<§°¢\J@ w“\s Qﬁt\»\ c:; @ vCutan \13 \>‘~lm:

ro&\; AP accuﬁ “Axzo. \c.}_‘rk
A Wi 0 R A e sk Ove

Al Co-&& Cl\a 1% ude
e 87 %. Aese A oppd

1 mark

The candidate given a limited response to the problem by stated a source of error in the analysis
and given a way of making the error smaller.

Example 6

salu.‘ L &«w-— w net a g ‘. s\a 0.‘ &
A g:\« L. w..,é( \ou. gm adu\s\o\t
e \a\T- XS AO\ cc-&)( wal -\\... %\\*ti
4. A q ﬂx.&c \os-v\u. w.\s\ue Se \A\-u.\ k
1S Qe - N Sawa oﬁ Aa wae ol a7,

i c»-\u..ka\“n u\\ A-\ \u. occgr

2 marks

The candidate has stated a source of error and how that error comes about. Overall, this
demonstrates a reasonable understanding at an appropriate level.



Example 7

Hdedlce aed e ad o grom_huaderd
o) o)) mead do b hurder k&N bn w.
You codd wee o radad sddin € sdiun
Cb\am:s: Ao Ao ‘(Lu&. GDQ.J% \nj&mm’c&q meo(
Ao b b diod fo s & Meede woshare
Rerom Ao akusghera. Vou con ust oxalie acid
SRV &

e C\«lc\t *“m a cLutae 0% M VQQA\Q Bou
COA& Ao a COAxﬂ\ ax w:kc:k U-’.’\\\ Prre

(&“*M Ca. oA:S; .

2 marks

Overall, the candidate has shown a reasonable understanding by highlighting a possible source of
error and how to correct it. They have also given a method for checking the accuracy of the final
percentage, although they have not detailed how this method would work.

Example 8
l\».c-«_ u.k‘?}.} k Sovia L2¢6€G (wn "({Ag on e
\7¢(¢n-l§0_ QoA\v\-\ \A:)A@’C-JL OAJ \ADANC\A&\N\g Ot\J
N‘.A 'LQ ‘e 's\'b‘lnl\'u& \*%"- “Q-—-\-\:t P
f\O‘\ ?(;MO'S Sx‘bna.bo &Q .
YM Can C\\!C\l. ‘\\-a. ocCutat °;§ Ao ,Q\.\.&
?“f-.*\)y " AO\A o Cen \ Qx M\ML«L.
e \mgo:l-uz Con b2 Joue TR c&uw\
;\C“:s ‘"\\ .’A\E‘ sae 8 S\ L b ) too ARSIV
Swer L PN \00‘/. ‘_‘t..\ - .&“\_
.\6>~Ar ng.ﬁ\\ Ah—u\ \,.3-\{,* %mm. \5“
2 marks

Overall, the candidate has shown a reasonable understanding by highlighting a possible source of
error in the solutions. The candidate has also given details of a procedure for checking the
accuracy, although the final sentence is not correct.



Example 9

T4 Ao e e somg ek AL AL odpa. X
055 ’{'L\L .an\\u- w\\ wo Ve occuaraXe, ‘-c'_" Cﬁmw\o e,
e Al s Vhaans @ sdaag sed ol L QL
bee. lLl Cv\l ?MA \A‘-\\ \" f‘-\ . ‘I‘S "\‘kc .\*l\!'skﬁﬂ-)

0\°“".‘k ‘\"‘*at co\our V"‘k( rH\O s f‘u&\ui Alban
"‘\’DO “ﬁ‘\\‘ G.x&‘l! w‘\\ l\.wl& &MA o“oi a—\cl \k’ ussu

erpfesr '“““* \"‘" Lj‘l"‘\‘\"-l oedl Lae teoded Wil
e Col&\udk Col\oo«g\e.’-r\:‘ ./o o\ b lmw _{L.«

8! oAqu.b ..

Y s\.leL M’\\-' “§ « o o codn\ ex wd‘
'-O:h‘ ?“‘*.Co&&\-&m c,.\,.?:\..’T.A L’“«. :ac*'
- NP etfuw-n.«x a«x e ﬂdxg s\....li D\u 66«
(007. __l% \’l'S \a«. ’“—;AA \00'/. —\\“,\ Y Gan

we e G"q\x '\'\ Sco‘n U(« (¢<,“L-\\ 1 \Bh
Sova 6\4\“«& “ -&L\J '“* (.,,x,‘\ C*Pu‘\‘".*
\O0% .7 Twae eld)

(CQJA- .

'

a\ot 8“ Q wAdce o-(g“t:Ia_,

3 marks

The candidate given a good response to the problem by explaining in detail the source of the error

and the effect it would have on the final result. The candidate has also suggested a way of
checking the final result and what to do to make the final percentage more accurate.



Question 5(b)(i)

(i) Describe fully an experimental procedure that could be used to
carry out this gravimetric analysis. 2

Example 1
(\-n. Qou\\c_ wot fws\z& UGiA - ged&u\

%\M Ona ‘“Acl\ \“S‘\ )!‘ ‘.t\ . A4

Acq:\ua)m(. ON-I- COO\, e Stu?\( wol
u)u?\tn. T‘- s ﬂﬂr(n Vag ('ms\ll

\ekd o coo\ 0 rm..;r..& N ! ?:"
(ctca\'cl uak\ “‘\‘g waacg QS«.((.& c\maai(-:).

2 marks

The first mark is awarded for mention of roasting (heating) the sample.

The second mark is awarded for mention of the three steps:

e cooling in a desiccator

e weighing

e repeating until the mass stopped changing (constant mass).

Example 2
A Cnu.\\.\g a«& \\& Were wut’;\ucL
and Hen Weded L @ Nosncen Quae..
Iheg woe Al W L 6 duvedder Ae
Coo\ \mbere \»MB na&)&e&. Tg W\
wLass \-u«la:\ A V) '“\u\ e Scug\c_
Loos am‘& ond u'-i\«& M We\c_
weal \v~¢~¥u‘«’ Col:\c.& 0'\& N'—'?‘“l Waa
Aeas o\ e wag weg c«mém\*.)
2 marks

The first mark is awarded for mention of heating the sample.

The second mark is awarded for mention of the three steps:

e cooling (it can be assumed that a desiccator was used as previously)
e weighing

e repeating until the mass was constant.



Example 3

—T\:- 6¢\...?\¢_ $ \\«l\t& ) \lgxc Xo coa\
G-AA w 1& V-NAAD "\w&t w\\\ *\‘.

WALSS \g ¢o A&S\‘OA\ .
1 mark
The first mark is awarded for mention of heating the sample.

The second mark is not awarded since the candidate has not mentioned that the cooling takes
place in a desiccator.

Example 4
’11: ‘wwv\t- ¥ foassul " a (m‘cs\o\c Worae
o \,.W\SU\ ‘%\“‘“‘ Ono\ *\.u\ \c&\ % c.o\
A\ a Au,\'cu‘\'bl‘ \0-%« \>¢-u\3 w‘Ja(:o.«Q.
T e preess « ﬁeﬂe\‘tl MDJ““
1 mark

The first mark is awarded for mention of roasting (heating) the sample.

The second mark is not awarded since the candidate has not mentioned that the process is
repeated to a constant mass.




Question 5(b)(ii)

(i1) In the gravimetric analysis, 0-372 g of CoCl,-nH,0 was converted
into 0-204 g of CoCl,.

Calculate the value of n.

(Clearly show your working for the calculation.) 2
Example 1
Q0N
— T - . S
Co C\L = \24-9 O.00\S ]
L0 0-312-0204 = o168
\8
= 0-0043

O.004%
O-00\S1 = -5—'::_‘
—_—

1 mark

The final answer is not correct as it is not a whole number.
1 mark is awarded for correctly calculating the moles of CoCl; and Hz0.

Example 2
Mo\os C°C'\). = ?‘;.:O:., ¢« O-00\S ]
Mol C.ClLD = o.0ms1
0-001$1 —> O-F 2 o
\ —_— 0-372
-oo\g ]
GtM « 23
o)
Mex VLD . 231 - 120
2 \071-\
St B0 = 101y = S9§
\?
= N\e= 6
2 marks

The final answer has been correctly calculated. General marking instruction (g) applies.
There has been some intermediate rounding but to an acceptable number of significant figures.



Example 3

CEA - 1249
WA\ CoC\ ._O_-_Z_?_L_-r__
> \29.9
T O 00\06
Whoos \—\20 = O3 - 0.20y
e O\
Md.e H0 - Cs%. L o.c0any

Mde who » 0-.0co006: Qoozz
2 \ * .8
S N\

—
1 mark

The final answer is not correct (the candidate has used 192-9 instead of 129-9 for the GFM of
CoClz). 1 mark is awarded for correctly calculating a value for n from an incorrect number of

moles of CoCl,.

Example 4
O-20\4
CeC\, = zaq - 0002
e ©'312
G @,al,0 == = 136
H 0 = B6-14a.9
= S6.\ _
2 —?3__-_—_
1 mark

The final answer is not correct as the candidate has inappropriately rounded the moles of CoCl; to
1 significant figure. General marking instruction (g) applies. 1 mark is awarded for correctly
calculating a value for n from an incorrect GFM for CoClz-nH;0.



Question 6(a)

(@) Elemental microanalysis showed that compound X has a composition, by
mass, of 40-0% carbon and 6-70% hydrogen.

Show, by calculation, that the empirical formula of X is CH,0. 1
Example 1
< A o
40 61  S3.3
‘e \ \le
- 2.3 60 2.3
—— ————— ——
2.3 37 my
=\ 2 \

=) C\AZO
1 mark

The number of moles of each substance has been rounded to 2 significant figures. This is
acceptable since it still gives the correct empirical formula.



Question 6(c)

(c) Compound X was found to rotate plane polarised light.

Considering all the evidence, draw a structural formula for compound X. 1

Example 1

H A O

| \ W\
- %— C - OoW\

(012

H— C
\
H
1 mark

The connectivity of the hydroxyl group to the middle carbon looks suspect, however, on extending
the bond it would touch the oxygen atom.

Example 2
H o
VOO
H._.C‘..—‘C.-‘C_.-'O\'\
\
A
0 marks

The connectivity of the hydroxyl group to the middle carbon is not correct. The bond goes
between the hydrogen and oxygen atoms. Marking instruction (l) applies.

Example 3
W\, — CH\ - coov\
O N
O
0 marks

The connectivity of the CH3 and CH is wrong. General marking instruction (l) applies.



Question 7(c)

(c) Using structural formulae and curly arrow notation, outline the most

likely mechanism for the formation of the nitrile in reaction I'ffl 2
Example 1
CH M oW ' -
H -~
Lows L
“ — — _—-C'__.. - C-—- c__'—- -
v\ 4 N ;1 I |
“u o H
1 mark

Although the curly arrow from the CN- is not particularly well drawn, this would be acceptable and
so the mark for curly arrows is awarded. The intermediate shows the five membered transition
state and includes the negative charge but there is incorrect connectivity between the carbon
atom and the methyl group - if this line was extended it would show the carbon atom attaching to
the H of the CHs rather than the C.

Example 2
\‘I\ -
r\‘cf_, > Nc—c —Ch
Z - /N
W - WU
1 mark

Although the curly arrow from the CN- is not particularly well drawn, this would be acceptable and
so the mark for curly arrows is awarded. The intermediate shows the five membered transition
state and includes the negative charge but abbreviating the rest of the molecule to R does not
allow for the connectivity of all of the atoms in the transition state to be checked.

Example 3
%)
\A\ v \’H h
S / = N - - C-----
e WC“' CA = C I
\ H ._C.."'CV'-J
— |
l\-cl' CMZ C.Hs
Ay
0 marks

The curly arrow from the CN- is starting at the nitrogen atom rather than the carbon atom and so
the mark for curly arrows cannot be awarded. The intermediate shows the five membered
transition state and includes the negative charge but there is incorrect connectivity between the
carbon atom and the bottom methyl group.



Example 4

- Ny \/
NeNvE Ly —D Ne—-C--—
\ |
\ )
w3 CHz

1 mark

The candidate has correctly drawn both curly arrows and so 1 mark is awarded. The transition
state does not have a negative charge and so this mark cannot be awarded.

Example 5
H 4 K oW - M
- N //'v N / \ 7
QL\) — U — C--C-—--t -.-J;r&:——c
| ! -cu
-3 h-C=Eny R
v 3 3
3
2 marks

The candidate has correctly drawn both curly arrows and the transition state and so 2 marks are
awarded. The final product has been drawn with incorrect connectivity to the bottom methyl
group but this does not count as a cancelling error as only the correct connectivity in the transition

state is being assessed.



Question 7(d)(ii)

(11) Assuming the percentage yield for reaction 2) was 60-4%, calculate
the volume of methylpropene produced from 1-85 g of
1-chloromethylpropane.

Take the molar volume of methylpropene to be 230 lmol™. 3

Example 1

Cyhall = (, Uy
a1s - QS

G = 6Ll - 61
b0-41. S O-(6 c) 3

Sy — 23 \eS
o1 = OLRE e
2 marks

The candidate has rounded the value for the actual mass of methylpropene to an incorrect number
of significant figures - general marking instruction (g) applies. This has resulted in an incorrect
volume being calculated. 1 mark is awarded for calculating the theoretical yield of methylpropene
OR correctly multiplying by 23. 1 mark is awarded for the correct unit for the calculated value.

Example 2
Ca 0 = (g
%S ‘
n- V¥ ool 6O LIAOGL - oL
A o > TS e
OdL = o U1 Wes

2 marks

The final answer has been rounded incorrectly. 1 mark is awarded for the correct calculation of
60-4% of 0-02. 1 mark is awarded for the correct units for a calculated volume.



Example 3
2.5)

Nagnnee b M § l—c\m\maw*\m&\ AV S :._q__s
'1.

. 000
Voo & Mﬂ\l\g oplra = 0-0Lx T
=O- 46 hes
2 marks
The candidate has not calculated the actual yield. 1 mark is awarded for calculating the

theoretical yield of methylpropene and 1 mark is awarded for a correct unit for a calculated
volume.

Example 4
e V¥S L o 0%y mdeS
S
s oG 3 OB\ = 60
ool «2y = OUd
1 mark

There is no unit for the final calculated volume and so the mark for the correct unit cannot be
awarded. This would apply even if general marking instruction (h) has been applied in the paper.
The incorrect GFM has been used leading to an incorrect number of moles. Although the candidate
has calculated 60-4% of an incorrect theoretical yield this has been quoted to too few significant
figures and so marking instruction (g) applies. 1 mark is awarded for multiplying an incorrect
number of moles by 23.

Example 5
" ne VS L O03mdes
—
SC
6-GRLY 2 WA
1 mark

The unit given is not correct for the volume calculated and so this mark cannot be awarded. 1
mark is awarded for correctly multiplying an incorrect number of moles by 23.



Question 8(b)(i)

(b) 250 cm?® of buffer solution was prepared by dissolving 4:10 g of
sodium ethanoate (GFM = 82-0 g) in 0-500 mol ' ethanoic acid.

(i) Calculate the pH of this buffer solution. 3

Example 1

ne bl 2 O i oh - Pk“‘ %BMD

8L
,‘ oS
Cm\){x - MO t @M L"\L 66 2
= {16 ¥ 0- 602

< A

2 marks

The concentration of salt has been calculated incorrectly. 2 marks are awarded for a correct
calculation of pH from an incorrect concentration of salt. The final answer is quoted to 5
significant figures and this is within the acceptable range for the data in this question.

Example 2
N> Lf‘ ., 0-0Swmoles  (sall) = 2 ?;
8v -0
LW - leg Ok
RN
1 mark

The calculation of pH has the [salt]/[acid] and this is incorrect (unless the equation is quoted as
pKa + log([salt]/[acid])). As the equation has not been stated it is not possible to award a partial
mark for the correct equation. The candidate has correctly calculated the concentration of the salt
and although this value is not quoted to the correct number of significant figures, the marking

instructions state that this is acceptable.



Example 3

N-= Oﬁg Ca'- z}“\D’L‘N\d\LJ

PN - Le *‘3-‘?@
L6 +339Y = §-KF

1 mark

The candidate has incorrectly calculated the concentration of the salt and has made an error in
the calculation of the pH. 1 mark is awarded for a correct substitution into the equation.

Example 4
u o-15
= 0-0¢%
o\
pH = (Pka - \0‘5—;:1;‘
- L AC
“l
2 marks

The final answer is quoted 1 significant figure and this is out with the acceptable range and so
general marking instruction (e) applies. 1 mark is deducted assuming that this is the first time the
significant figures rule or the units rule has been applied in the paper. The candidate has correctly
calculated the concentration of the salt and has written the correct equation and so 2 marks are
awarded.

Example 5 ‘
CorConxsanion salt = B2 = 068
{1
P = b1 - leg 22 bos
% b»-lL ""\
=39
2 marks

The candidate has incorrectly calculated the concentration of the salt. 2 marks are awarded for
correctly calculating a pH from an incorrect concentration of salt and the final answer has 2
significant figures which is within the acceptable range.



Question 8(c)

(c) Buffer capacity is a measure of how resistant a buffer solution is to pH
changes. It can be defined as the number of moles of hydroxide ions
required to raise the pH of a buffer solution by one pH unit.

A student prepared two different buffer solutions, both pH 5.

Describe an experimental procedure that could be carried out to
determine which of the two solutions has the larger buffer capacity. 2

Example 1

ado No Sona Numbel er-ul.a_g c‘,OM'
Yo eodn ouffel owd Meoswie tha pY

1 mark

1 mark is awarded for correctly stating that the same number of moles of OH" are added to each
buffer and the pH is measured but has not stated that the volume of each buffer must be the same.

Example 2
O\dd\h duo{\o%_ \ONS Jh::' ’l\:\_n_ L Uolum 0(2
| LG\L\I&B \(buQQU GROL MOGS @ o qM

1 mark

The candidate has stated that the same volume of each buffer is used and so is awarded 1 mark.
There has been no mention of controlling the volume/moles of hydroxide and so the second mark
cannot be awarded.

Example 3

waoswt C s Voloms 4 Wudronde neded
Yo fose tha Moo dn \ulfer by )
1 mark

The candidate has stated that the volume of hydroxide needed to raise the pH by 1 should be
measured but has not stated that the volume of each buffer must be the same.

Example 4

o Gg Ll ¢ ke et ol mdes DQ OY ™ redadh
Yo NS € S{\.\s_— P'\'{ DQ eoCA_ \OULPCES ‘00\ |
0 marks

The candidate has simply restated the information in the question and has not described an
experimental procedure nor is there a mention of the volume of buffer solution used.



Question 9(d)

(d) Isomerism is an important concept in the research and development of
the chemical synthesis of drug molecules.

Using your knowledge of chemistry, discuss isomerism and its role in
chemical synthesis and drug action. 3

Remember, open-ended questions are marked holistically according to whether the candidate has
provided a good, reasonable or limited response to the problem at Advanced Higher level. Zero
marks can be awarded if the response is not related to the problem or not at an appropriate level.

Example 1
—S\'»’uc}guru\
_ OP\\'\CU‘\ \Qe:\— -~ i"\%\/\-\' ‘V\C/J'-’“ch
_.SQ_QN /i — Aouoe oo
1 mark

The candidate has demonstrated, at an appropriate level, a limited understanding of the chemistry
involved by accurately listing the types of isomers at an AH level. This statement is relevant to the
situation, showing that they have understood at least a little of the chemistry within the problem.

Example 2
SOMETS ol Sunshonees o Tha
Sovre_ AR (imaka bt

dt%Qerer\]r ST el Qumm\o\

0 marks

Although the candidate has an accurate definition of an isomer this is not an AH level definition
and so the candidate has not demonstrated an understanding of the chemistry involved at an
appropriate level.



Example 3
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2 marks

The candidate has demonstrated a reasonable understanding of the chemistry involved and this is
at an AH level. More detail could have been provided about both the role of isomerism in drug
action and there is only a superficial mention of the role of isomerism in synthesis.



Example 4
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3 marks

The candidate has demonstrated a good understanding of the chemistry involved and at an
appropriate level for AH. The chemistry is accurate and although more detail could have been
provided overall a good understanding has been demonstrated.



Example 5
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3 marks

The candidate response has demonstrated a good understanding of the chemistry and this is at an
appropriate level. There is no mention of drug action but the answer does not need to be complete

to be awarded 3 marks.



Example 6
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2 marks

Overall the candidate has demonstrated a good understanding of the chemistry of the question. An
accurate description of the role of isomerism in drug action has been given. There has been an
error in the isomerism of Sx1 and Sn2 reactions leading to a reasonable understanding being
demonstrated.



Question 10(a)(i)

10. The gram formula mass of some liquids can be determined using the
following relationship.

PV =nRT

Where,

P is pressure in kilopascals, kPa

I is volume in litres, |

n is number of moles

R is 8-31 joules per kelvin per mole, JK "mol™

T'is temperature in kelvin, K

In an experiment, 0-518 g of a liquid carbonyl compound was boiled

producing 259 cm? of gas at a temperature of 353 K and a pressure of
101 kPa.

(a) (i) Use the data to calculate the gram formula mass of the liquid
carbonyl compound. 2

(Clearly show your working for the calculation.)

Example 1
AL BV - 01x 0251 - 0-00§AK
= YWV -
QT g2 x 383
oYX
%@"\ " 5 0084

TSY-0%¢

2 marks

The candidate has used the rounded value of 0.008918 which is covered in the marking instructions.
General marking instruction (g) applies. This rounded number is within the acceptable range for
significant figures (between 2 and 5) and so the final answer is correct. The final answer is also
within the allowed range of significant figures.



Example 2

N= 100LSL = 6 0gq1 1§ U]
g+ 383

QN\; Ny M
S -0 0046 L

1 mark

The gfm has been incorrectly calculated. 1 mark is awarded for calculating the number of moles.
The number is written with too many significant figures, but this is not a final answer and so the

mark is awarded.

Example 3
nzox AN ¥
¥R\
Q,,N\ :M_ =z D~OS%|
3™ " Ty
1 mark

The candidate has not converted the volume into litres. 1 mark is awarded for the correct
calculation of gfm from an incorrect number of moles and so is a correct follow through. The final

value is stated to the correct number of significant figures.

Example 4
n=g2le353 = W2l
WO [ * 0284
WA
1 mark

The candidate has rearranged the equation incorrectly and so has calculated an incorrect number
of moles. 1 mark is awarded for the correct calculation of gfm from an incorrect number of moles
and so is a correct follow through and the final answer is given with the correct nhumber of

significant figures.



Example 5

N= Ol OZJ‘\ SEN\. = §7 . 6
F3\ w53
= 0.Q01%

1 mark

The value for the number of moles has been rounded to too few significant figures and so general
marking instruction (g) applies. 1 mark is awarded for the correct calculation of gfm from an

incorrect number of moles.



Question 11(a)(ii)

(i) A solution of iodine was prepared by dissolving iodine in
0-239 mol ™" aqueous potassium iodide.

The following data was obtained by analysing the equilibrium

mixture.
[1,(aq)] = 1-21 x 103 mol "
[1,(ag)] = 0-116 mol ™
Calculate the equilibrium constant, K, for this reaction. 2
Example 1
K?Cik'] - oulle
E:j_r__ij Vg™ x 623
= LO\-\2
1 mark

The candidate has incorrectly used the value of 0-239 as the concentration of iodide and this is
covered in the marking instructions. 1 mark is awarded for correctly calculating a value for K from
an incorrect concentration of I'. The significant figures quoted are within the acceptable range.

Example 2 K YA
LDN0 <\ U G>

= 1120

1 mark

The candidate has incorrectly used the value of 1-21 x 103 as the concentration of iodide. 1 mark
is awarded for correctly calculating a value for K from an incorrect concentration of I'. The
significant figures quoted are within the acceptable range.

Example 3
17+ = W
[D-B’\’O-Nb | 200 616
0127%
o\
T 53
08 » \-1 w\O
= 1% -Al
1 mark

There is an error in the calculation of K (incorrect concentration of I2). The candidate has correctly
calculated the concentration of I'.



Question 11 (b)

(b) Structures A and B show two possible arrangements of the electron pairs
around the central iodine atom in a triiodide ion, I; .

denotes a non-bonding electron pair.

Explain fully why the electron pairs around the central iodine atom
adopt structure B rather than structure A. 2

Example 1
MinmaSes  [pu\sions
1 mark

The candidate has correctly stated that repulsions are minimised and so this is awarded one mark.
There is no link to the angle or distance between the lone pairs or bonding pairs and so the second
mark is not awarded.

Example 2

ona P 7S ol Puﬁkﬂf Oy fm cuclh e
1 mark
The candidate has correctly stated that the lone pairs are further away and given the wording of

the question it can be assumed they are referring to B. There is no mention of minimising
repulsions and so the first mark is not awarded.

Example 3

Y s Moe Sollo

0 marks

The candidate has not mentioned the repulsion or the angle of electron pairs and so no mark can
be awarded.



Example 4
|D.d~f\ﬂ.- homS gle Qu»%\ﬂ-f O,/PO.A

0 marks

The candidate has described structure B but has not mentioned repulsions or distance between
electron pairs.

Example 5

]u;\_(gipo.;fs Gle pl.a.f’f"\ef &10&14 T thas _
Minm§e s fﬂpu‘Ston Betuleg bu«c,l«:j P

1 mark

The candidate has made a correct statement about the distance between lone pairs and given the
wording of the question it can be assumed they are referring to B. The statement about repulsion
is incorrect and so the first mark cannot be awarded.

Example 6

MnmseS Ve pations oS o puoes ave ol
m o the mddie

1 mark

The answer correctly states that repulsions are minimised but the second mark cannot be awarded
as the angle or distance between lone pairs has not been stated.



Question 12(f)(i)

(i) Explain fully why an aqueous solution of sodium benzoate is
alkaline.

Example 1

\)r S AN} Sﬂx\l‘ D&) G SXfork\ébggq GAd G
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\OnS P((}dg(_@d W WE w el e:lwh\gnum.

1 mark

1 mark is awarded for the statement that the water equilibrium produces more OH" ions. Zero
marks are awarded for stating that it is the salt of a weak acid and a strong base.

Example 2
S ium &wlﬁu\v_ ?U“i d\ssatlu*e_g |r\—\o (GAS
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1 mark

The candidate has correctly stated that the benzoate ions remove the H* ions from the water
equilibrium and so 1 mark is awarded. There is no mention on the effect of OH" ions and so the

second mark cannot be awarded.

Example 3

Sodlud\'\ BQ\"\‘?-C’OJ‘Q —_ JCduum\oy\_gi
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2 marks

The candidate has correctly shown that H* ions from the water equilibrium react with benzoate
ions and has also stated that this results in excess of OH" ions.



Example 4
s &1 neal octd *SS\MS\QG&O S6
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1 mark

1 mark is awarded for stating that the removal of H* ions results in more OH" ions. The candidate
has not stated that benzoate ions remove hydrogen ions from the water equilibrium and so the first
mark cannot be awarded.



Question 12 (h) (ii)

(ii) Explain how the results of a mixed melting point analysis would be
used to assess the purity of this sample of benzoic acid. 2

Example 1
Com po-rﬂl MmQPl'm_& \ppm‘\ DQ Miyod MQ\‘LV\ Pc:m*
NATNER (¢TI Ma\iw\.\ ot of bBerroc ae

1 mark

1 mark is awarded for stating that the mixed melting point needs to be compared to pure benzoic
acid and although the word pure is not stated the word ‘actual’ is sufficient. There is no mention
of how this links to the purity and so only 1 mark is awarded.

Example 2

N\WG_(& N\Qumé {pw\‘c LGw 2 &S pu[@_

1 mark

The candidate has correctly stated that the mixed melting point should be compared to a pure
sample. There has been no link to how this relates to the purity of the sample.

Example 3
meoswle Yaa MQW“\& 'Q:mf\]" o@ waxed  savmgle
NS pare e n o ox,td
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1 mark

The candidate has correctly stated that the mixed melting point should be compared to a pure
sample. Although there is a statement linking the purity to the melting point, this is an incorrect
statement and so the second mark is not awarded.

Example 4
MO GS ure M\mc& M(’,ng POW\}( [}ih(,L M(}Cﬂ@_-‘-&
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1 mark

The candidate has correctly stated that the mixed melting point should be compared to a pure
sample. The candidate has also correctly linked the purity to the melting point by stating that ‘if
the mixed melting point is the same as the actual melting point then it is pure’. The final
statement is incorrect, and so the second mark cannot be awarded.



2021 Advanced Higher Chemistry Question Paper breakdown

This document provides the structure of the 2021 questions in Section 1 and Section 2 by Key Area; Knowledge/Skill; intended grade A marks.

Section 1
Question Key Area of Course Question Type Grade A
1 é;ﬁ;?;ﬁ;?;t:slsénec}e&g%?;o dic table Knowledge and understanding - making statements
2 Electromagnetic radiation and atomic Processing info.rmation (using calculations significant figures and units, 1
spectra where appropriate)
3 Transition metals Applying knowledge to new situations, interpreting, solving problems
4 Chemical equilibrium \F,’Vrrc])é:re:sggﬁrlg;%;n;ea)t1on (using calculations significant figures and units, 1
5 Reaction feasibility Applying knowledge to new situations, interpreting, solving problems
6 Reaction feasibility Applying knowledge to new situations, interpreting, solving problems
7 Kinetics Applying knowledge to new situations, interpreting, solving problems
8 Kinetics Applying knowledge to new situations, interpreting, solving problems
9 Kinetics Applying knowledge to new situations, interpreting, solving problems
10 Synthesis Applying knowledge to new situations, interpreting, solving problems
11 Synthesis Applying knowledge to new situations, interpreting, solving problems
12 Molecular orbitals Applying knowledge to new situations, interpreting, solving problems
13 Synthesis Applying knowledge to new situations, interpreting, solving problems
14 Synthesis Applying knowledge to new situations, interpreting, solving problems
15 Non-specific \I;rﬁ:reessggig)rlggcr)i;r?:;uon (using calculations significant figures and units,
16 Synthesis Knowledge and understanding - making statements
17 Eé(r [zlec?:::ntal determination of Making predictions based on evidence/information 1
18 Synthesis Applying knowledge to new situations, interpreting, solving problems
19 Non-specific Making predictions based on evidence/information
20 Synthesis Applying knowledge to new situations, interpreting, solving problems
21 Experimental determination of Drawing vglid 'cgncl.usions and giving explanations supported by
structure evidence/justification
22 Non-specific \I:Vrr:)gre:i:;[g)rlggcr)i;r?:;non (using calculations significant figures and units, 1




Section 1

Question Key Area of Course Question Type Grade A
23 Experimental determination of Processing info‘rmation (using calculations significant figures and units, 1
structure where appropriate)
24 Non-specific Processing info.rmation (using calculations significant figures and units,
where appropriate)
25 Stoichiometric calculations Applying knowledge to new situations, interpreting, solving problems 1
Section 2
Question Area of Course Question Type A-type
1(a) Electromagnetic radiation and atomic Demo_ns_trating knowledge_ and und_erstand_ing of chemistry by providing
spectra descriptions and explanations and integrating knowledge
1(b)(i) SEFI)eec(::ttrr%magnetic radiation and atomic Applying knowledge to new situations, interpreting, solving problems
1(b)(ii) SEFI)ee<(::ttrr(;‘magnetic radiation and atomic Selecting information
1000 | Reaction feasibily B oo s o romangs. " 7918
1(c)(ii) Reaction feasibility Applying knowledge to new situations, interpreting, solving problems
2(a) Transition metals Applying knowledge to new situations, interpreting, solving problems
2(b) Transition metals Applying knowledge to new situations, interpreting, solving problems
2(c)(i) Transition metals Applying knowledge to new situations, interpreting, solving problems 1
2(c)(ii) Transition metals Knowledge and understanding - making statements
2(d)(i) Kinetics Applying knowledge to new situations, interpreting, solving problems
2(d)(ii) Kinetics Applying knowledge to new situations, interpreting, solving problems
3(a)(i) Molecular orbitals Knowledge and understanding - making statements
3(a)(ii) Molecular orbitals Knowledge and understanding - making statements
3| Moecular orials B o ans s ot nomanas 918 1
3(b)(i) Synthesis Knowledge and understanding - making statements
3(b)(ii) Synthesis Applying knowledge to new situations, interpreting, solving problems
3(b)(iii) Synthesis Demonstrating knowledge and understanding of chemistry by providing 1

descriptions and explanations and integrating knowledge




Section 2

Question Area of Course Question Type A-type
4(a) Volumetric analysis Knowledge and understanding - making statements
4(b)(i) Stoichiometric calculations Applying knowledge to new situations, interpreting, solving problems
4(b)(ii) Stoichiometric calculations Applying knowledge to new situations, interpreting, solving problems
. . Demonstrating knowledge and understanding of chemistry by providing
4(c) Volumetric analysis descriptions and explanations and integrating knowledge 2
5(@)(i) Transition metals Applying knowledge to new situations, interpreting, solving problems
5(a)(ii) Transition metals Applying knowledge to new situations, interpreting, solving problems
5(b)(i) Gravimetric analysis Planning or designing experiments 1
5(b)(ii) Stoichiometric calculations Applying knowledge to new situations, interpreting, solving problems
5(c)(i) Volumetric analysis Knowledge and understanding - making statements
5(c)(ii) Practical skills and techniques Planning or designing experiments
6(a) Etﬁﬁstrsjrrr:eental determination of Applying knowledge to new situations, interpreting, solving problems
6(b)(i) Experimental determination of Processing information (using calculations significant figures and units, where
structure appropriate)
6(b)(ii) Experimental determination of Processing information (using calculations significant figures and units, where 1
structure appropriate)
6(c) Experimental determination of Drawing valid conclusions and giving explanations supported by 1
structure evidencel/justification
7(a) Synthesis Applying knowledge to new situations, interpreting, solving problems
7(b) Synthesis Applying knowledge to new situations, interpreting, solving problems
7(c) Synthesis Applying knowledge to new situations, interpreting, solving problems 1
7(d)() Synthesis Planning or designing experiments
7(d)(ii) Stoichiometric calculations Applying knowledge to new situations, interpreting, solving problems 1




Section 2

Question Area of Course Question Type A-type
8(a) Chemical equilibrium Applying knowledge to new situations, interpreting, solving problems
8(b)(i) Chemical equilibrium Applying knowledge to new situations, interpreting, solving problems
. . S Demonstrating knowledge and understanding of chemistry by providing
8(b)(ii) Chemical equilibrium descriptions and explanations and integrating knowledge 1
8(c) Chemical equilibrium Planning or designing experiments 1
9(a) Pharmaceutical chemistry Knowledge and understanding - making statements
9(b) Pharmaceutical chemistry Knowledge and understanding - making statements
. . . Demonstrating knowledge and understanding of chemistry by providing
9() Stoichiometric calculations descriptions and explanations and integrating knowledge
9(d) Stereochemistry Applying knowledge to new situations, interpreting, solving problems 2
. ) . Processing information (using calculations significant figures and units, where
10(a)(i) Non-specific appropriate) 1
- . Processing information (using calculations significant figures and units, where
10(a)(ii) Synthesis appropriate)
10(b) Non-specific Evaluating experiments and suggesting improvements 1
11(a)(i) Chemical equilibrium Applying knowledge to new situations, interpreting, solving problems
11(a)(ii) Chemical equilibrium Applying knowledge to new situations, interpreting, solving problems 1
11(b) Atomic orbitals, electronic Drawing valid conclusions and giving explanations supported by 1

configurations and the periodic table

evidencel/justification




Section 2

Question Area of Course Question Type A-type
12(a) Synthesis Applying knowledge to new situations, interpreting, solving problems
12(b) Practical skills and techniques Knowledge and understanding - making statements
12(c) Practical skills and techniques Planning or designing experiments
12(d) Synthesis Knowledge and understanding - making statements
12(e) Synthesis Applying knowledge to new situations, interpreting, solving problems 1
R T T e e e ,
esigning an experlment
12(f)(ii) Practical skills and techniques Planning or designing experiments
12(g) Practical skills and techniques Planning or designing experiments
12(h)(i) Practical skills and techniques Planning or designing experiments
12000 _| Practcal sils and techriues | oo e e o :
12(i) Experimental determination of Drawing valid conclusions and giving explanations supported by

structure

evidencel/justification
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