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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alon gside the
specific content of the mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these
marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond
the scope of the syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assess ed by the
question as indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level
descriptors.
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GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may
be limited according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thre sholds or
grade descriptors in mind.

Science-Specific Marking Principles

1 Examiners should consider the context and scientific use of any keywords when awarding marks. Although keywords may be present, marks
should not be awarded if the keywords are used incorrectly.

2 The examiner should not choose between contradictory statements given in the same question part, and credit should not be awarded for
any correct statement that is contradicted within the same question part. Wrong science that is irrelevant to the question should be ignored.

3 Although spellings do not have to be correct, spellings of syllabus terms must allow for clear and unambiguous separation fro m other
syllabus terms with which they may be confused (e.g. ethane / ethene, glucagon / glycogen, refraction / reflection).

4  The error carried forward (ecf) principle should be applied, where appropriate. If an incorrect answer is subsequently used in a scientifically
correct way, the candidate should be awarded these subsequent marking points. Further guidance will be included in the mark scheme
where necessary and any exceptions to this general principle will be noted.

5 'List rule’ guidance

For questions that require n responses (e.g. State two reasons ...):

The response should be read as continuous prose, even when numbered answer spaces are provided.

Any response marked ignore in the mark scheme should not count towards n.

Incorrect responses should not be awarded credit but will still count towards n.

Read the entire response to check for any responses that contradict those that would otherwise be credited. Credit should not be
awarded for any responses that are contradicted within the rest of the response. Where two responses contradict one another, this
should be treated as a single incorrect response.

e Non-contradictory responses after the first n responses may be ignored even if they include incorrect science.
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6 Calculation specific guidance

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show
your working’.

For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.

For answers given in standard form (e.g. a x 10”) in which the convention of restricting the value of the coefficient (a) to a value between 1
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.

Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded.
Exceptions to this general principle will be noted in the mark scheme.

7 Guidance for chemical equations

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme.
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Annotations guidance for centres

Examiners use a system of annotations as a shorthand for communicating their marking decisions to one another. Examiners are trained during the
standardisation process on how and when to use annotations. The purpose of annotations is to inform the standard isation and monitoring
processes and guide the supervising examiners when they are checking the work of examiners within their team. The meaning of annotations and
how they are used is specific to each component and is understood by all examiners who mark the component.

We publish annotations in our mark schemes to help centres understand the annotations they may see on copies of scripts. Note that there may
not be a direct correlation between the number of annotations on a script and the mark awarded. Similarly, the use of an annotation may not be an
indication of the quality of the response.

The annotations listed below were available to examiners marking this component in this series.

Annotations

Annotation Meaning

Correct point or mark awarded

Incorrect point or mark not awarded

Unclear

Information missing or insufficient for credit

L Benefit of the doubt given

o Contradiction in response otherwise markworthy, mark not given

Part of the correct answer has been seen. Full credit has not been awarded.

m

A EI T ke

C

-

Error carried forward applied

Incorrect or insufficient point ignored while marking the rest of the response

Rounding error

Repetition
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[sEEN]| Blank page or part of script seen
Error in number of significant figures
Transcription error
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1(a)(i) | Sr(HCOs)2 — SrCOs + CO2 + H20 1
1(a)(ii) | M1: radius of cation / M?* increases OR charge density of cation / M?* decreases 2

M2: less polarisation / less distortion of the anion / carbonate ion

1(b) M1: least soluble CaF2 < SrF2 < BaF2 most soluble 4
M2: AHiatt and AHhyd both become less exothermic / less negative

M3: AHhyd changes less / becomes less exothermic by a smaller extent
OR AHiatt changes more / becomes less exothermic by a larger extent

M4: AHso becomes more exothermic / more negative

1(c)(i) [ enthalpy change when one mole of gaseous ions dissolve in water to form a solution 1

1(c)(ii) | M1: ionic radii AND ionic charge 2

M2: (ionic) radii increase / charge density decreases AND AHhyd decreases/less exothermic AND less attraction between
water molecules and (gaseous) ions

OR

as ionic charge increases / charge density increases AND AHhyd increases/more exothermic AND more attraction between
water molecules and (gaseous) ions

1(d) M1: use of —2957/-1926 /-505 AND 2 x (-505) 2
M2: correct signs and evaluation

AHsol of MgF2(s) = —1926 + (2 x —505) — (=2957) = (+)21 kJ mol-"

1(e)()) | M1z Ksp = [Hg2?*] [FJ? 2

M2: units = mol3 dm®

1(e)(i)) | Ksp =22 x (9.20 x 10-3)3 = 3.11 x 10-6 min 2sf 1
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2(a) the (3)d and (4)s sub-shells / orbitals / electrons are close / similar in energy 1
2(b) species or ion formed by a central metal atom/ion AND surrounded by/bonded to (one or more) ligands 1
2(c)(i) NaOH / OH-(aq) AND precipitation / ligand exchange / deprotonation / acid—base 1
2(c)(ii) | M1: Fe(H20)4(OH)2 is oxidised (from + 2 to + 3 on standing) 3
M2: E5 of Fe(H20)3(OH)s is more negative than E° of O2
OR Ecell = 0.40 — (-0.56) = (+)0.96 V
M3: 4Fe(H20)4(OH)2 + O2 — 4Fe(H20)3(OH)s + 2H20
2(d) AG® =-2 x 1.67 x 96 500 = -322 310 J mol-" 2
M1: AG® = —nEPeiF AND n =2
OR -2 x 1.67 x 96 500
M2: AG® = -322.3 kd mol-!

© Cambridge University Press & Assessment 2025 Page 8 of 19



9701/41 Cambridge International AS & A Level — Mark Scheme October/November 2025
PUBLISHED
Question Answer Marks
3(a) heterogeneous AND MnO: is in a different state / phase to the reactants / H202 1
3(b)(i) M1: (expt2 and 3) [I] x 2 initial rate x 2 so 1st order wrt [I-] 4
M2: (expt 1 and 2) [I7] x 2, [H202] x 0.5 initial rate x 1 so 1st order wrt [H202]
OR (expt 1 and 4) [I-] x4 initial rate x 4 AND [H*] x 4 so zero order wrt [H*]
OR (expt 1 and 3) [I7] x 4, [H202] x 0.5 initial rate x 2 so 1st order wrt [H202]
M3: (expt 1 and 4) [I-] x4, [H*] x 4 initial rate x 4 so zero order wrt [H]
OR (expt 3 and 4) [H202] x 2 initial rate x 2AND [H*] x 4 so zero order wrt [H*]
OR (expt 3 and 4) [H202] x 2, [H*] x4 initial rate x 2 so 1st order wrt [H202]
M4: rate = k [H202] [I-] OR rate = k [H202] [I-] [H*]°
3(b)(ii)) | M1: k=2.42 x 10-3 + (0.045 x 0.030) = 1.79 min 2sf 2
M2: units = dm3 mol-' s
3(c)(i) M1: calculation of one t112=60s+5s 2
M2: two ti/2 calculated that are constant
3(c)(ii) | k=In2+60=0.0116 OR k=0.693 + 60 = 0.0116 min 2sf 1
3(d) increases k and increases the rate of reaction 1
4(a) M1: potential difference / voltage / EMF AND between two half-cells / two electrodes (in a cell) 2
M2: (at concentration of) 1 mol dm—2 AND (pressure of) 1 atm/ 101 kPa AND (temperature of) 298 K/ 25 °C
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4(b)(i) ) 3
sall bridge
. e [, ,
0 e
wuer |_.,.»"”! Tz (aq)
CLI:“(aq]
M1: salt bridge labelled AND voltmeter /V AND wire to electrode and liquid level shown [complete circuit]
M2: Cu(s) AND Cu?*(aq)
M3: Zn(s) AND Zn?*(aq)
4(b)(ii) | ions AND electrons 1
4(b)(iii) | M1: Nernst equation E = E# + (0.059/z) log(Zn?*/Zn) 2
M2: E=-0.76 + (0.059/2) log(0.25) =-0.778 V
OR E=-0.76 + (8.31 x 298) /(96 500 x 2) In(0.25) = —0.778 V min 2sf
4(c)(i) (from) +4 (to) +3 1
4(c)(ii) |Zn + 2MnO2 — ZnO + Mn203 1
4(c)(iii) | E°*(MnO2/Mn203) =1.47 — 1.28 = (+)0.19V 1
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5(a) . 1
number of unpaired electrons
species
3d 4s
Cu 0 1
Cu* 1 0
5(b) e five 3d orbitals (lines, boxes) in the isolated Cu?* ion of the same energy 2
e splitting: three higher and two lower d orbitals
e energy of all five d orbitals in complex higher than all d orbitals in isolated ion
any two [1], all three [2]
5(c) M1: more than one (stable) oxidation state / exist in variable oxidation states 2
M2: vacant/ empty (d) orbitals are energetically accessible
OR vacant/ empty (d) orbitals can form dative bonds with ligands
5(d) . - . _ 2
metal ion coordination number | formula of complex ion | charge of complex ion
Ag* 2 Ag(CN); 1-
Fe2* 6 FelCN); 4
each row [1]
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5(e) M1: on 2
Br CN Br, &
\Au/ OR "5'”&
NC/ \Br NC( ‘Bf
M2: (shape) square planar AND (bond angle) 180°
5(f)(i) | M1: moles MnO4 = 0.075 x 0.0225 = 1.6875 x 103 3
M2: moles V#*=5/3 x 1.6875 x 103 =2.8125 x 103
M3: mass V=50.9 x 2.8125 x 103=0.143 g
% of V =0.143/0.250 x 100 = 57.3 min 2sf
S(f)(ii) | 2vOs~ + 3Zn + 12H* — 2V2* + 3Zn2* + 6H20 2
M1: 2 : 3 ratio on both sides
M2: rest of the equation correct
Question Answer Marks
6(a)(i) M1: (Rr value) is distance moved by a component / spot/ solute AND divided by distance moved by solvent 2
OR (Rr value) is the ratio of distance moved by a component / spot/ solute AND by distance moved by solvent
M2: (retention time) is (the time) between injection and detection (of a component)
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6(a)(ii) | thin-layer chromatography: polar solvent OR non-polar solvent OR named solvent 1
gas-liquid chromatography: non-volatile liquid OR high boiling point liquid
6(b) A is more soluble in the mobile phase OR A has less adsorption to the stationary phase 1
6(c)(i) 1
compound | number of peaks observed
Y 2
Fd 2
6(c)(ii) | M1:Y (two) singlet(s) 2
M2: Z triplet AND quartet
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7(a) M1: CICH2COOH  BrCH2COOH CHsCOOH CHsCH20H 4
most acidic least acidic
M2: electron withdrawing groups / electronegative groups / negative inductive effect
AND weakens O—H bond / more stable anion
OR
electron donating groups / positive inductive effect AND strengthens O-H bond / less stable anion
M3 M4:
e chlorine is more electron-withdrawing / electronegative than bromine (related to XCH2COOH)
e electron withdrawing of C=0 / negative inductive effect of C=0 (related to COOH)
e positive inductive effect/ electron donating of alkyl / ethyl / R group (related to ROH)
any two [1], all three [2]
7(b) M1: 2
COOH
M2: CO2
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7(c)(i) ﬁ O| 2
""" O
H H
M1: correct displayed amide bond with C=0, (CsHs)-N and (C-)C=0
M2: rest of the structure correct with continuation bonds
7(c)(ii) 1
O,N NO, + 12[H] —— H,N NH, + 4H,0
7(d)(i) 2

4 JI,-"'I_.‘X h ‘\-,::"'-‘_1L i N
M1: cr N=N ,f | ——N=N CI
x\‘\._\_j/.r;.-"
OH
ri
Jl_.r
P ! g——— —
Jl_.r' /-f “\\‘x / 'J:..’J ’ .‘\'\. "-.1 _.-'r_/ ~ ™ "-._‘-
- LAY k1
M2: {,:r I';}—N_N—{rl \‘!—N_N—{ :' .' \
"-.'\-,_"‘-\ JJI £ \,_‘: / h II'\. /'rl / /
W e ' - _.-"r ':"--.___p-" I_.r
’
i
HO
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7(d)(ii) | HNOz2 (and HCI) AND <10 °C 1
SEN02 AND HCI AND 10°C
Question Answer Marks
8(a)(i) NO2 group directs to 3 (and 5) / meta position AND due to being an electron-withdrawing / electronegative group 1
8(a)(ii) | HNOs + H2S80s4 — NO2* + HSOs + H20 1
OR HNO3 + 2H2S04 — NO2* + 2HSO4 + HzO*
8(b)(i) | © 1
8(b)(ii) | M1: (reaction 1) ethanoyl chloride / CH3COC!AND AICIs 2
M2: (reaction 2) 2-bromopropane / (CH3)2CHBr AND FeBrs
8(c) M1: 3
with CsHsBr no change / no precipitate AND
with CeHsCH2Br cream precipitate
in CeHsBr
M2: lone pair / p-orbital on Br delocalised / overlaps with ring / &= system
M3: C-Br bond stronger / has partially double bond character
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8(d)(i) | (nucleophilic) addition—elimination 1
8(a)(in) COS' intermediate 4
[ q)
R/ \Br R—C——B ——> duct
| products
ot
5 RN
N
M1 M2:
e lone paironO
e curly arrow from (lone pair) O (in H20) to C (of C=0)
e correct dipole on C=0
e curly arrow from the C=0 bond to O atom
any two [1], all four [2]
M3: correct intermediate
M4: curly arrow from (lone pair on) O©) to C—O bond AND curly arrow from C—Br to Br
Question Answer Marks
9(a) M1: (basicity linked to) ability of lone pair / p-orbital to 2
AND accept/ coordinate with a proton / H*
M2: (lone pair of) electrons on N is delocalised into C=0 group (and make amides neutral)
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9b)(i) [M1: M 2
©/\CN
M2: N
Br
9(b)(ii) | LiAlH4 1
9(c) ketone / carbonyl AND secondary / 2° 1
9(d)(i) R:1 iRs 2
R, R4
1 2
0. o
+
\06
3
curly arrow 1: from O lone pair to C atom (in C=C)
curly arrow 2: from C=C bond to the right-hand O atom in O=0
curly arrow 3: from O=0 bond to O*
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Question Answer Marks

9(d)(ii) 1
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alon gside the
specific content of the mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these
marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond
the scope of the syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assess ed by the
question as indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level
descriptors.
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GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may
be limited according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thre sholds or
grade descriptors in mind.

Science-Specific Marking Principles

1 Examiners should consider the context and scientific use of any keywords when awarding marks. Although keywords may be present, marks
should not be awarded if the keywords are used incorrectly.

2 The examiner should not choose between contradictory statements given in the same question part, and credit should not be awarded for
any correct statement that is contradicted within the same question part. Wrong science that is irrelevant to the question should be ignored.

3 Although spellings do not have to be correct, spellings of syllabus terms must allow for clear and unambiguous separation fro m other
syllabus terms with which they may be confused (e.g. ethane / ethene, glucagon / glycogen, refraction / reflection).

4  The error carried forward (ecf) principle should be applied, where appropriate. If an incorrect answer is subsequently used in a scientifically
correct way, the candidate should be awarded these subsequent marking points. Further guidance will be included in the mark scheme
where necessary and any exceptions to this general principle will be noted.

5 'List rule’ guidance

For questions that require n responses (e.g. State two reasons ...):

The response should be read as continuous prose, even when numbered answer spaces are provided.

Any response marked ignore in the mark scheme should not count towards n.

Incorrect responses should not be awarded credit but will still count towards n.

Read the entire response to check for any responses that contradict those that would otherwise be credited. Credit should not be
awarded for any responses that are contradicted within the rest of the response. Where two responses contradict one another, this
should be treated as a single incorrect response.

e Non-contradictory responses after the first n responses may be ignored even if they include incorrect science.
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6 Calculation specific guidance

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show
your working’.

For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.

For answers given in standard form (e.g. a x 10”) in which the convention of restricting the value of the coefficient (a) to a value between 1
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.

Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded.
Exceptions to this general principle will be noted in the mark scheme.

7 Guidance for chemical equations

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme.
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Annotations guidance for centres

Examiners use a system of annotations as a shorthand for communicating their marking decisions to one another. Examiners are trained during the
standardisation process on how and when to use annotations. The purpose of annotations is to inform the standard isation and monitoring
processes and guide the supervising examiners when they are checking the work of examiners within their team. The meaning of annotations and
how they are used is specific to each component and is understood by all examiners who mark the component.

We publish annotations in our mark schemes to help centres understand the annotations they may see on copies of scripts. Note that there may
not be a direct correlation between the number of annotations on a script and the mark awarded. Similarly, the use of an annotation may not be an
indication of the quality of the response.

The annotations listed below were available to examiners marking this component in this series.

Annotations

Annotation Meaning
Correct point or mark awarded

x Incorrect point or mark not awarded

? Unclear
Information missing or insufficient for credit
Benefit of the doubt given
Contradiction in response otherwise markworthy, mark not given

. Part of the correct answer has been seen. Full credit has not been awarded.
ECF Error carried forward applied
Incorrect or insufficient point ignored while marking the rest of the response
Rounding error
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Repetition
[SEEM]| Blank page or part of script seen
Error in number of significant figures
Transcription error
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1(a) Mg(NO3)2 — MgO +2NO2 + 202 OR 2Mg(NOs)2 — 2MgO + 4NO2 + O2 1
1(b) M1: Mg(NO3s)2 / magnesium nitrate 2
AND magnesium ion / Mg?*
AND is smaller / has higher charge density
M2: nitrate ion/ anion is more distorted / polarised
1(c)(i) magnesium sulffate and water/ MgSO4 and H20 1
1(c)(ii) M1: magnesium sulfate/ A has a more exothermic AHiat and AHhyd 3
M2: difference in AHhyd is greater
M3: magnesium sulfate/ A has a more exothermic AHkol
Question Answer Marks
2(a)(i) homolytic fission 1
2000 |5 N0 HG: N0 1
2(a)(iii) | 115-120° 1
2(b) M1: 3.825 x 10-3/0.003825/0.00383/0.0038 /3.8 x 103 2
M2: units = mol-' dm3s-"
2(c) not constant half-life because overall second order 1
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2(d) 8.17 /8.2 1

2(e) e reactants are adsorbed onto the catalyst surface 2
e bonds within reactant molecules are weakened
e products are desorbed from catalyst surface
Any two [1], all three [2]

Question Answer Marks
3(a)(i) | two species that differ by one proton/H* 1
3(a)(ii) | H2PO+~ AND PO#- 1
3(b)(i) | M1:[H*]=2.51x 10 2

M2: [CH3CH2COOH] =4.67 x 103
3(b)(ii) |3.98 x 10-" 1
3(b)(iii) | [HCI]=2.51x 104 1
3(b)(iv) | M1: top box ticked AND weaker acid 3

M2: alkyl group is electron donating

M3: O-H bond strengthened / anion is destabilised
3(c)(i) | NaOH AND CH3CH2COO0H + OH- — CH3CH2COO0- + H20 1
3(c)(ii) | H2SO4 AND conjugate base of CHsCH2COOH is not present 1
3(d)(i) |3.69 x 10 1
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3(d)(ii) | M1: Ksp =[MnZ*][OH]2 2
M2: units = mol® dm®

3(d)(iii)) | 2.0x 1013 1
Question Answer Marks
4(a) energy required when one mole of gaseous atoms is formed from the element 1
4(b) energy released when one mole of gaseous atoms gains one mole of electrons and becomes one mole of gaseous 1- ions 1
4(c) M1: iodine atom has greater radius 2

M2: less attraction between nucleus and incoming electron in iodine

4(d) M1: "2 (—486 + (2 x 364)) 2
M2: +121
Question Answer Marks
5(a)(i) | Co?* =[Ar]3d” AND Co?* = [Ar] 3d® 1
5(a)(ii) | has vacant d orbitals that are energetically accessible 1
5(a)(iii) |e pink 2
e Dblue
e aqueous

Any two [1], all three [2]

5(a)(iv) | [Co(H20)s]?* + 4HCI—> [CoCUJ2- + BH20 + 4H* OR [Co(H20)6]2* + 4CF — [CoClJ?- + 6H0 1
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5(a)(v) [ ligand exchange 1
5(a)(vi) | [Co(H20)e]?>* + 20H- — Co(OH)2(H20)4 + 2H20 OR 1
[Co(H20)e]?* + 20H- — Co(OH)2 + 6H20
S(b)(D) M1: Nemst equation E = E¢ + (0.059/z) x Iog(%) 2
M2: E=-0.28 +(0.059/2) x log(0.02)
5(b)(ii) |1.66V 1
5(b)(ii) | 3Co + Cr207% + 14H* — 3Co?* + 2Cr3* + 7TH20 1
5(b)(iv) | Co?*/Co, Co?*/Co, Cr207%-/ Cr3* 1
5(c) M1: moles of cobalt = 0.547 /58.9 = 0.00929 3
M2: coulombs required = 0.00929 x 96500 x 2 = 1792
M3: time required = 1792 /0.50 = 3584.8 s = 59.7 minutes 3sf
Question Answer Marks
6(a)(i) | Ni(CO)4 1
6(a)(i) |e ethanedioate given as C204 2
e formula shows one Ni and three ligands
e charge =4-
any two [1], all three [2]
Ni(C204)3*- scores [2]
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6(a)(iii) | F AND optical 1
6(b)(i) | N atom can donate one lone pair of electrons 1
6(b)(ii)) | [Cd(en)2]** AND has a larger Kstab / is more stable 1
6(b)(iii) | [[CA(CH3NH;)4]*] 1
[CdZ*][CH3NH,]*
Question Answer Marks
7(a) M1: Q CH3CH2CH(CH3)CHO 2
M2:
CoHs CaHs
C. AND ., C
“
/ \‘\ H H '¢' \
HOC CHO
CHs H3C
7(b)(i) | T CH3CH2CH.COCH3 AND V (CHz)2CHCOCHSs 1
7(b)(ii) | e yellow solid 2
e CH3CH2CH2COO0OH OR (CH3)CHCOOH
e CHIs
Any two [1], all three [2]
7(c)(i) | S (CH3)3CCHO 1
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7(c)(ii) | U CH3CH2COCH2CHs 1
7(c)(iii) | triplet AND two hydrogen atoms on neighbouring carbon atoms 1
7(c)(iv) | TMS/tetramethylsilane / Si(CH3)4 1
7(d) 4 2

3

5

3

Any two [1], all four [2]

Question Answer Marks
8(a) the pH at which an amino acid exists as a zwitterion 1
8(b) M1: [HOOCCH(NH3)CH2CONH]* 2

M2: [HOOCCH(NH3)CH2COOH]*
H
0 O H
\\ ' // O\\ | /O
P T C—C—CH2—C
HO + N s N
NH3 NH2 HO |'|\|+H3 OH
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8(c) M1: HOCH2CH(NH2)CH2CH2NH2 2
M2: HOCH2CH(NH2)CH2CH20H
H H
| I
HOC H2—C|—CH2—CH2NH2 HOCHz—(|:—CH2—c|-|20|-|
NH2 NH2

8(d)(i) HOOCCH2CO0H + 2S0OCl — CIOCCH2COC! +2S02 + 2HC! [1] 1
8(d)(ii) HOOCCH(CH2CONH2)NHCOCH2CONHCH(CH2CONH2)COOH 2

M1: three molecules joined, with four correct amide groups only
M2: whole structure correct as above, displayed formula accepted, skeletal formula as below accepted

O COOH O O COCH O

VWYY

HzN H H 2

8(e) M1: hydrolysis of amide to carboxylate ion 2
M2: hydrolysis of -COOH to carboxylate ion and rest of molecule

-OOCCH(NH2)CH2CO0-
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8(f) e three monomer residues 3
e all linkages correct
e correct trailing bonds
o repeat unit marked contains correct atoms
Any two [1], any three [2], all four [3]
CH2CONHz2 CH2CONHz2
I I
—COCHNH—-{COCHNH-}-COCHNH-
|
CH2CONHz2
8(9)(i) e rotate the plane of the plane polarised light 2
e by the same angle
e in opposite directions
Any two [1], all three [2]
8(g)(ii) | racemic mixture 1
Question Answer Marks
9(a) e all C atoms are sp? hybridised 3
e bonds between C atoms are c and nt
e C—-C o bonds are formed by overlap of sp2 hybrid orbitals
e C-Cr bonds are formed by overlap of p orbitals
e bonds between C and H atoms are ©
e C-H bonds are formed by overlap of sp2 hybrid orbitals and s orbitals
Any two [1], any four [2], all six [3]
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9(b) CHsCland AICI3 1
9(c) 3

v
TCH3 H CHs3

M1: curly arrow from within hexagon towards *C
M2: intermediate, usual rules for horseshoe and + charge
M3: curly arrow from C-H bond into ring AND H* product

9(d) M1: HNOs AND H2SO4 2
M2: concentrated AND 25°C T €60 °C

9(e) alkaline KMnOa4 1

9(f) 4-nitrobenzoic acid 1

9(9) (hot) concentrated HCI and Sn 1

9(h) M1: perform step 3 before step 2 OR perform step 2 before step 1 2

M2: COOH is 3-directing OR NO:2 is 3-directing
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alon gside the
specific content of the mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these
marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond
the scope of the syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assess ed by the
question as indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level
descriptors.
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GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may
be limited according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thre sholds or
grade descriptors in mind.

Science-Specific Marking Principles

1 Examiners should consider the context and scientific use of any keywords when awarding marks. Although keywords may be present, marks
should not be awarded if the keywords are used incorrectly.

2 The examiner should not choose between contradictory statements given in the same question part, and credit should not be awarded for
any correct statement that is contradicted within the same question part. Wrong science that is irrelevant to the question should be ignored.

3 Although spellings do not have to be correct, spellings of syllabus terms must allow for clear and unambiguous separation fro m other
syllabus terms with which they may be confused (e.g. ethane / ethene, glucagon / glycogen, refraction / reflection).

4  The error carried forward (ecf) principle should be applied, where appropriate. If an incorrect answer is subsequently used in a scientifically
correct way, the candidate should be awarded these subsequent marking points. Further guidance will be included in the mark scheme
where necessary and any exceptions to this general principle will be noted.

5 'List rule’ guidance

For questions that require n responses (e.g. State two reasons ...):

The response should be read as continuous prose, even when numbered answer spaces are provided.

Any response marked ignore in the mark scheme should not count towards n.

Incorrect responses should not be awarded credit but will still count towards n.

Read the entire response to check for any responses that contradict those that would otherwise be credited. Credit should not be
awarded for any responses that are contradicted within the rest of the response. Where two responses contradict one another, this
should be treated as a single incorrect response.

e Non-contradictory responses after the first n responses may be ignored even if they include incorrect science.
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6 Calculation specific guidance

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show
your working’.

For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.

For answers given in standard form (e.g. a x 10”) in which the convention of restricting the value of the coefficient (a) to a value between 1
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.

Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded.
Exceptions to this general principle will be noted in the mark scheme.

7 Guidance for chemical equations

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme.
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Annotations guidance for centres

Examiners use a system of annotations as a shorthand for communicating their marking decisions to one another. Examiners are trained during the
standardisation process on how and when to use annotations. The purpose of annotations is to inform the standard isation and monitoring
processes and guide the supervising examiners when they are checking the work of examiners within their team. The meaning of annotations and
how they are used is specific to each component and is understood by all examiners who mark the component.

We publish annotations in our mark schemes to help centres understand the annotations they may see on copies of scripts. Note that there may
not be a direct correlation between the number of annotations on a script and the mark awarded. Similarly, the use of an annotation may not be an
indication of the quality of the response.

The annotations listed below were available to examiners marking this component in this series.

Annotations

Annotation Meaning

Correct point or mark awarded

Incorrect point or mark not awarded

Unclear

Information missing or insufficient for credit

L Benefit of the doubt given

o Contradiction in response otherwise markworthy, mark not given

Part of the correct answer has been seen. Full credit has not been awarded.

m

A EI T ke

C

-

Error carried forward applied

Incorrect or insufficient point ignored while marking the rest of the response

Rounding error

Repetition
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[sEEN]| Blank page or part of script seen
Error in number of significant figures
Transcription error

© Cambridge University Press & Assessment 2025 Page 6 of 19



9701/43 Cambridge International AS & A Level — Mark Scheme October/November 2025

PUBLISHED
Question Answer Marks
1(a)(i) | Sr(HCOs)2 — SrCOs + CO2 + H20 1
1(a)(ii) | M1: radius of cation / M?* increases OR charge density of cation / M?* decreases 2

M2: less polarisation / less distortion of the anion / carbonate ion

1(b) M1: least soluble CaF2 < SrF2 < BaF2 most soluble 4
M2: AHiatt and AHhyd both become less exothermic / less negative

M3: AHhyd changes less / becomes less exothermic by a smaller extent
OR AHiatt changes more / becomes less exothermic by a larger extent

M4: AHso becomes more exothermic / more negative

1(c)(i) [ enthalpy change when one mole of gaseous ions dissolve in water to form a solution 1

1(c)(ii) | M1: ionic radii AND ionic charge 2

M2: (ionic) radii increase / charge density decreases AND AHhyd decreases/less exothermic AND less attraction between
water molecules and (gaseous) ions

OR

as ionic charge increases / charge density increases AND AHhyd increases/more exothermic AND more attraction between
water molecules and (gaseous) ions

1(d) M1: use of —2957/-1926 /-505 AND 2 x (-505) 2
M2: correct signs and evaluation

AHsol of MgF2(s) = —1926 + (2 x —505) — (=2957) = (+)21 kJ mol-"

1(e)()) | M1z Ksp = [Hg2?*] [FJ? 2

M2: units = mol3 dm®

1(e)(i)) | Ksp =22 x (9.20 x 10-3)3 = 3.11 x 10-6 min 2sf 1
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2(a) the (3)d and (4)s sub-shells / orbitals / electrons are close / similar in energy 1
2(b) species or ion formed by a central metal atom/ion AND surrounded by/bonded to (one or more) ligands 1
2(c)(i) NaOH / OH-(aq) AND precipitation / ligand exchange / deprotonation / acid—base 1
2(c)(ii) | M1: Fe(H20)4(OH)2 is oxidised (from + 2 to + 3 on standing) 3
M2: E5 of Fe(H20)3(OH)s is more negative than E° of O2
OR Ecell = 0.40 — (-0.56) = (+)0.96 V
M3: 4Fe(H20)4(OH)2 + O2 — 4Fe(H20)3(OH)s + 2H20
2(d) AG® =-2 x 1.67 x 96 500 = -322 310 J mol-" 2
M1: AG® = —nEPeiF AND n =2
OR -2 x 1.67 x 96 500
M2: AG® = -322.3 kd mol-!
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3(a) heterogeneous AND MnO: is in a different state / phase to the reactants / H202 1
3(b)(i) | M1: (expt2and 3) [I-] x 2 initial rate x 2 so 1st order wrt [I7] 4
M2: (expt 1 and 2) [I7] x 2, [H202] x 0.5 initial rate x 1 so 1st order wrt [H202]
OR (expt 1 and 4) [I-] x4 initial rate x 4 AND [H*] x 4 so zero order wrt [H*]
OR (expt 1 and 3) [I7] x 4, [H202] x 0.5 initial rate x 2 so 1st order wrt [H202]
M3: (expt 1 and 4) [I-] x4, [H*] x 4 initial rate x 4 so zero order wrt [H]
OR (expt 3 and 4) [H202] x 2 initial rate x 2AND [H*] x 4 so zero order wrt [H*]
OR (expt 3 and 4) [H202] x 2, [H*] x4 initial rate x 2 so 1st order wrt [H202]
M4: rate = k [H202] [I-] OR rate = k [H202] [I-] [H*]°
3(b)(ii)) | M1: k=2.42 x 10-3 + (0.045 x 0.030) = 1.79 min 2sf 2
M2: units = dm3 mol-' s
3(c)(i) M1: calculation of one t112=60s+5s 2
M2: two ti/2 calculated that are constant
3(c)(ii) | k=In2+60=0.0116 OR k=0.693 + 60 = 0.0116 min 2sf 1
3(d) increases k and increases the rate of reaction 1
4(a) M1: potential difference / voltage / EMF AND between two half-cells / two electrodes (in a cell) 2
M2: (at concentration of) 1 mol dm—2 AND (pressure of) 1 atm/ 101 kPa AND (temperature of) 298 K/ 25 °C
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4(b)(i) ) 3
sall bridge
. e [, ,
0 e
wuer |_.,.»"”! Tz (aq)
CLI:“(aq]
M1: salt bridge labelled AND voltmeter /V AND wire to electrode and liquid level shown [complete circuit]
M2: Cu(s) AND Cu?*(aq)
M3: Zn(s) AND Zn?*(aq)
4(b)(ii) | ions AND electrons 1
4(b)(iii) | M1: Nernst equation E = E# + (0.059/z) log(Zn?*/Zn) 2
M2: E=-0.76 + (0.059/2) log(0.25) =-0.778 V
OR E=-0.76 + (8.31 x 298) /(96 500 x 2) In(0.25) = —0.778 V min 2sf
4(c)(i) (from) +4 (to) +3 1
4(c)(ii) |Zn + 2MnO2 — ZnO + Mn203 1
4(c)(iii) | E°*(MnO2/Mn203) =1.47 — 1.28 = (+)0.19V 1
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5(a) . 1
number of unpaired electrons
species
3d 4s
Cu 0 1
Cu* 1 0
5(b) e five 3d orbitals (lines, boxes) in the isolated Cu?* ion of the same energy 2
e splitting: three higher and two lower d orbitals
e energy of all five d orbitals in complex higher than all d orbitals in isolated ion
any two [1], all three [2]
5(c) M1: more than one (stable) oxidation state / exist in variable oxidation states 2
M2: vacant/ empty (d) orbitals are energetically accessible
OR vacant/ empty (d) orbitals can form dative bonds with ligands
5(d) . - . _ 2
metal ion coordination number | formula of complex ion | charge of complex ion
Ag* 2 Ag(CN); 1-
Fe2* 6 FelCN); 4
each row [1]
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5(e) M1: on 2
Br CN Br, &
\Au/ OR "5'”&
NC/ \Br NC( ‘Bf
M2: (shape) square planar AND (bond angle) 180°
5(f)(i) | M1: moles MnO4 = 0.075 x 0.0225 = 1.6875 x 103 3
M2: moles V#*=5/3 x 1.6875 x 103 =2.8125 x 103
M3: mass V=50.9 x 2.8125 x 103=0.143 g
% of V =0.143/0.250 x 100 = 57.3 min 2sf
S(f)(ii) | 2vOs~ + 3Zn + 12H* — 2V2* + 3Zn2* + 6H20 2
M1: 2 : 3 ratio on both sides
M2: rest of the equation correct
Question Answer Marks
6(a)(i) M1: (Rr value) is distance moved by a component / spot/ solute AND divided by distance moved by solvent 2
OR (Rr value) is the ratio of distance moved by a component / spot/ solute AND by distance moved by solvent
M2: (retention time) is (the time) between injection and detection (of a component)
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6(a)(ii) | thin-layer chromatography: polar solvent OR non-polar solvent OR named solvent 1
gas-liquid chromatography: non-volatile liquid OR high boiling point liquid
6(b) A is more soluble in the mobile phase OR A has less adsorption to the stationary phase 1
6(c)(i) 1
compound | number of peaks observed
Y 2
Fd 2
6(c)(ii) | M1:Y (two) singlet(s) 2
M2: Z triplet AND quartet
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7(a) M1: CICH2COOH  BrCH2COOH CHsCOOH CHsCH20H 4
most acidic least acidic
M2: electron withdrawing groups / electronegative groups / negative inductive effect
AND weakens O—H bond / more stable anion
OR
electron donating groups / positive inductive effect AND strengthens O-H bond / less stable anion
M3 M4:
e chlorine is more electron-withdrawing / electronegative than bromine (related to XCH2COOH)
e electron withdrawing of C=0 / negative inductive effect of C=0 (related to COOH)
e positive inductive effect/ electron donating of alkyl / ethyl / R group (related to ROH)
any two [1], all three [2]
7(b) M1: 2
COOH
M2: CO2
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7(c)(i) ﬁ O| 2
""" O
H H
M1: correct displayed amide bond with C=0, (CsHs)-N and (C-)C=0
M2: rest of the structure correct with continuation bonds
7(c)(ii) 1
O,N NO, + 12[H] —— H,N NH, + 4H,0
7(d)(i) 2

4 JI,-"'I_.‘X h ‘\-,::"'-‘_1L i N
M1: cr N=N ,f | ——N=N CI
x\‘\._\_j/.r;.-"
OH
ri
Jl_.r
P ! g——— —
Jl_.r' /-f “\\‘x / 'J:..’J ’ .‘\'\. "-.1 _.-'r_/ ~ ™ "-._‘-
- LAY k1
M2: {,:r I';}—N_N—{rl \‘!—N_N—{ :' .' \
"-.'\-,_"‘-\ JJI £ \,_‘: / h II'\. /'rl / /
W e ' - _.-"r ':"--.___p-" I_.r
’
i
HO

© Cambridge University Press & Assessment 2025

Page 15 of 19



9701/43

Cambridge International AS & A Level — Mark Scheme

October/November 2025

PUBLISHED
Question Answer Marks
7(d)(ii) | HNOz2 (and HCI) AND <10 °C 1
SEN02 AND HCI AND 10°C
Question Answer Marks
8(a)(i) NO2 group directs to 3 (and 5) / meta position AND due to being an electron-withdrawing / electronegative group 1
8(a)(ii) | HNOs + H2S80s4 — NO2* + HSOs + H20 1
OR HNO3 + 2H2S04 — NO2* + 2HSO4 + HzO*
8(b)(i) | © 1
8(b)(ii) | M1: (reaction 1) ethanoyl chloride / CH3COC!AND AICIs 2
M2: (reaction 2) 2-bromopropane / (CH3)2CHBr AND FeBrs
8(c) M1: 3
with CsHsBr no change / no precipitate AND
with CeHsCH2Br cream precipitate
in CeHsBr
M2: lone pair / p-orbital on Br delocalised / overlaps with ring / &= system
M3: C-Br bond stronger / has partially double bond character
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8(d)(i) | (nucleophilic) addition—elimination 1
8(a)(in) COS' intermediate 4
[ o
R/ \Br R—C——B ——> duct
| products
ot
5 RN
N
M1 M2:
e lone paironO
e curly arrow from (lone pair) O (in H20) to C (of C=0)
e correct dipole on C=0
e curly arrow from the C=0 bond to O atom
any two [1], all four [2]
M3: correct intermediate
M4: curly arrow from (lone pair on) O©) to C—O bond AND curly arrow from C—Br to Br
Question Answer Marks
9(a) M1: (basicity linked to) ability of lone pair / p-orbital to 2
AND accept/ coordinate with a proton / H*
M2: (lone pair of) electrons on N is delocalised into C=0 group (and make amides neutral)
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9b)(i) [M1: M 2
©/\CN
M2: N
Br
9(b)(ii) | LiAlH4 1
9(c) ketone / carbonyl AND secondary / 2° 1
9(d)(i) R:1 iRs 2
R, R4
1 2
0. o
+
\06
3
curly arrow 1: from O lone pair to C atom (in C=C)
curly arrow 2: from C=C bond to the right-hand O atom in O=0
curly arrow 3: from O=0 bond to O*
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Question Answer Marks

9(d)(ii) 1
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alon gside the
specific content of the mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these
marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond
the scope of the syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assess ed by the
question as indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level
descriptors.
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GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may
be limited according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thre sholds or
grade descriptors in mind.

Science-Specific Marking Principles

1 Examiners should consider the context and scientific use of any keywords when awarding marks. Although keywords may be present, marks
should not be awarded if the keywords are used incorrectly.

2 The examiner should not choose between contradictory statements given in the same question part, and credit should not be awarded for
any correct statement that is contradicted within the same question part. Wrong science that is irrelevant to the question should be ignored.

3 Although spellings do not have to be correct, spellings of syllabus terms must allow for clear and unambiguous separation fro m other
syllabus terms with which they may be confused (e.g. ethane / ethene, glucagon / glycogen, refraction / reflection).

4  The error carried forward (ecf) principle should be applied, where appropriate. If an incorrect answer is subsequently used in a scientifically
correct way, the candidate should be awarded these subsequent marking points. Further guidance will be included in the mark scheme
where necessary and any exceptions to this general principle will be noted.

5 'List rule’ guidance

For questions that require n responses (e.g. State two reasons ...):

The response should be read as continuous prose, even when numbered answer spaces are provided.

Any response marked ignore in the mark scheme should not count towards n.

Incorrect responses should not be awarded credit but will still count towards n.

Read the entire response to check for any responses that contradict those that would otherwise be credited. Credit should not be
awarded for any responses that are contradicted within the rest of the response. Where two responses contradict one another, this
should be treated as a single incorrect response.

e Non-contradictory responses after the first n responses may be ignored even if they include incorrect science.
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6 Calculation specific guidance

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show
your working’.

For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.

For answers given in standard form (e.g. a x 10”) in which the convention of restricting the value of the coefficient (a) to a value between 1
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.

Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded.
Exceptions to this general principle will be noted in the mark scheme.

7 Guidance for chemical equations

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme.
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Annotations guidance for centres

Examiners use a system of annotations as a shorthand for communicating their marking decisions to one another. Examiners are trained during the
standardisation process on how and when to use annotations. The purpose of annotations is to inform the standard isation and monitoring
processes and guide the supervising examiners when they are checking the work of examiners within their team. The meaning of annotations and
how they are used is specific to each component and is understood by all examiners who mark the component.

We publish annotations in our mark schemes to help centres understand the annotations they may see on copies of scripts. Note that there may
not be a direct correlation between the number of annotations on a script and the mark awarded. Similarly, the use of an annotation may not be an
indication of the quality of the response.

The annotations listed below were available to examiners marking this component in this series.

Annotations

Annotation Meaning
Correct point or mark awarded

x Incorrect point or mark not awarded

? Unclear
Information missing or insufficient for credit
Benefit of the doubt given
Contradiction in response otherwise markworthy, mark not given

. Part of the correct answer has been seen. Full credit has not been awarded.
ECF Error carried forward applied
Incorrect or insufficient point ignored while marking the rest of the response
Rounding error
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Repetition
[SEEM]| Blank page or part of script seen
Error in number of significant figures
Transcription error
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1(a) forms (one or more) stable ions / compounds / oxidation states 1
with incomplete / partially filled (3)d orbital(s) / d shell / d sub-shell
1(b)(i) | (orbitals) are at the same energy 1
1(b)(ii) | (1s2) 2s2 2p6 3s2 3p6 3d° 1
1(c)(i) [Cu(NH3)4(H20)2]?*(aq) deep/dark/royal blue 1
AND
[CuCls)>(aq) yellow
1(c)(ii) | M1: d orbital(s) of different energy / d-d splitting occurs / d sub-shell splits 3
M2: electron(s) promoted / excited
M3: light/wavelength / frequency / photon absorbed AND complementary colour seen
1(d)(i) | M1: ligand exchange / replacement / substitution / displacement 2
M2: [CuCLk]?> + 4NHs3 + 2H20 > [Cu(NHs)4(H20)2]?* + 4CE
1(d)(ii) | M1: one correct 3D structure of [Cu(H20)2(NH3)4]%* 2
M2: correct 3D stereoisomer structure of isomer 1
NH, NH,
H0,, | NHs H:0,, | JRUGE
Him"""’Lu o, HZD’{_]U h
NH NH
1(d)(iii) | cis isomer AND dipoles do not cancel 1
1(e)(i) [ (two) oxygen and (one) nitrogen (can donate) three lone pair(s) of electrons (to the metal ion) 1
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1(e)(ii) | [Co(CaHsNOa4)2]~ 1
1(f)(i) equilibrium constant for the formation of the complex (ion) 1
in a solvent/ water / solution OR from its constituent ions or molecules
1(f)(ii) | [Ag(CN)z]-(aq) AND largest (value of) Kstab 1
1(9) M1 M2: any two [1], all four [2] 3
e moles MnO4~ =0.015 x18.70/1000 = 2.805 x 10
e moles SO3* =2.805 x 10 x 5/2=7.0125 x 10~ (in 10 cm?3)
e moles SO3% =1.753 x 10-2 (in 250 cm3)
e mass Na2S0Os3 =1.753 x 102 x 126.1 =2.21g
M3: % purity =100 x 2.21/3.75=58.9-59.0 % min 2sf
Question Answer Marks
2(a) M1: (solubility) decreases down the group 4
M2: AHiait and AHhyd decrease / become less exothermic / less negative
M3: AHhyd decreases / changes more / dominant factor / becomes less exothermic by a larger extent
OR AHiatt decreases / changes less / changes slower
M4: AHso becomes less exothermic / less negative OR AHsol becomes (more) endothermic / (more) positive
2(b)(i) | Ag2CrOa4(s) & 2Ag*(aq) + CrO4>-(aq) 1
2(b)(ii) | M1: Ksp =[Ag*]?[CrO4?] 3

M2: 3/(1.12X% 1012 + 4) =6.54 x 10-5

M3: [Ag*] =2 x 6.54 x 10-5=1.31 x 104 (mol dm3) min 2sf
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2(c)(i) | Ka=10549=3.236 x 107 2
[H*]2=8.08984 x 10-°
M1: [H*]=8.99 x 10-°
M2: pH =-log(8.99 x 10-5) =4.05 min 2sf
2(c)(ii) | conjugate acid H2CrOs4 1
AND
conjugate base CrO4z-
2(d)(i) | (the energy change / released when) one mole of gaseous atoms become 1- ions/ gain one mole of electrons 1
2(d)(ii) | due to repulsion between negative ion and incoming / gained electron 1
2(d)(iii) | 2Ag*(g) S*(g) > AgzS(s) 1
2(d)(iv) | M1: selection of correct six numbers only: —33, 731, 279, —200, 532, —-2677 3
M2: use of x 2 as only multiplier with Ag
M3: correct signs and evaluation of data
—33=2AHat + (2 x 731) + 279 + (—200) + 532 + (-2677)
2AHat =571 (kJ mol -1)
AHat = +285.5 (kJ mol )
2(e) Ag2S smaller / less negative / less exothermic lattice neergy AND larger ionic radius (of cation) 1
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3(a) number of possible arrangements of particles and energy in a system 1
3(b)(i) 1
process AS is negative | AS is positive
steam condensing into water v

solid KCI dissolving into water v

3(b)(ii) | M1: three numbers and correct multipliers used 2

M2: correct signs and evaluation

AS® = (3 x 203.0) +(223.1) — (2 x 281.6) = (+)268.9 (J K-' mol-")

3(c)(i) positive 1
AND

gas produced / on the right OR less / no gas on left

3(c)(ii) | M1 and M2: calculation of gradient from the graph for AS 4
gradient = (—)140/900 = (-)0.1556

AS® = (-)0.1556 x 1000
= (+)155.6 £ 5 (J K-' mol-')

M3: T=1120 5 (K)

M4: AHe = (+)172 % 10 (kJ mol-)
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Question Answer Marks
4(a)(i) 1
the order of reaction with respect to [Hz] 1
the order of reaction with respect to [NO] 2
overall order of the reaction 3
4@)(i) rate x % 1
4(a)(iii) | rate x 27 1
4(a)(iv) | afour-particle collision is unlikely 1
4(a)(v) |[step1 2NO > N202 2
step2 N202 + H2 > N20 + H20
step3 N20 + H2 > N2 + H20
4(a)(vi) | intermediate formed (step 2) then used up later (step 3) 1
4(b) k=0.693/720 =9.625 x 10+ min 2sf 1
AND units: s
4(c)(i) homogeneous 1
AND Co?®*/ catalyst/ it is in the same phase / same state as the reactants
4(c)(ii) M1: (equation 1) 2Co% + 2I- = 2Co%* + 2 2
M2: (equation 2) 2Co0% + S208% > 2Co03% + 2S042-
4(c)(iii) | repulsion of two negative / same charge ions slows the reaction / raises Ea 1
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5(a) M1 and M2: any two [1], all three [2] 4
e (hexagonal ring) planar / (trigonal) planar
e 120°
e sp?hybridised
M3: p orbitals overlap sideways / laterally (with each other above and below the ring) forming = bonds
M4: ¢ bonds form when sp?/ hybridised orbitals overlap end-on-end / head on
5(b)(i) | M1: (reaction 5) Pt/Ni + Hz (+ heat) 2
M2: (reaction 6) (CH3)2CHCOC! + AICI3 (+ heat)
5(b)(ii) | reduction/hydrogenation 1
5(c)(i) (CH2CHs group) directs to 2-, 4- (and 6-) positions AND due to being an electron donating group 1
5(c)(ii) | CH3CH2Br + FeBrs > CHsCH2* + FeBrs- 1
S(e)(i) organic intermediate COOH 3
COOH COOH
+ H*
— CH2CH3 —3 | )| eeeees
+CH2CH3 H
M1: curly arrow from inside / touching the hexagon to (CH2) group / C* charge
M2: structure of the intermediate
M3: curly arrow from C-H bond into / onto the ring AND formation / loss of H*
5(c)(iv) |[H* + FeBrs~ > HBr + FeBrs 1
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6(a) sp=1 AND sp?=1 AND sp3=3 1
6(b)(i) | acid-base / neutralisation AND hydrolysis 1
6(b)(ii) 0 NH;CI 4
reaction 7 * COOH
HO
0] NHCOCHj;
reaction 8 CN
HoN
NH,
reaction 9 HZN/\)\/\NLZ
any two * [1], any three * [2], any five * [3], all six * [4]
6(c)(i) |five/5 1
6(c)(ii) 2
proton environment a b c
name of splitting pattern doublet multiplet doublet
chemical shift range, 2.2-3.0 3.2-4.0 2.0-3.0
o/ ppm

any three [1], all six [2]
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Question

Answer

Marks

7(a)

M1: (most acidic) benzoic acid
4-methylphenol
water

(least acidic) phenylmethanol

M2: correct link of acidity to
weakens O—H /H* more easily lost / anion stabilised / conjugate base stabilised

M3 and M4: any two [2]
» for benzoic acid: negative inductive effect of C=0 / electronegative C=0 /two electronegative O / —ve charge delocalised
(across two O) /resonance in —COO-
e for 4-methylphenol: as lone pair on oxygen delocalised into the ring / © system/ delocalised system
OR p orbital on oxygen overlaps with ring / = system/ delocalised system
e for phenylmethanol: positive inductive effect of alkyl group / R/ CH2

4

— ONa + 1/2H,

7(c)(i)

O
O
0O
O\J

7(c)(ii)

(reaction 10) addition—elimination / condensation / esterification
AND

(reaction 11) addition—elimination / condensation (polymerisation) / esterification
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Question Answer Marks
7(c)(iii) 0 0 2
,'M /\/O\
/’ O \\
M1: ester linkage shown
M2: rest of the structure correct with continuation bonds
Question Answer Marks
8(a) e chlorobenzene is less reactive than ethanoyl chloride 2
e p orbital / lone pair on CI/—Cl will overlap / delocalise into the ring
OR C of COClI has most electron deficient OR has an electronegative oxygen atom / two electronegative atoms / electron
withdrawing C=0 group
e due to partial double C-Cl bond
OR C-Clbond strengthened (more) / stronger bond between Cland benzene / ring
OR C-Clweakened in ROCl!
any two [1], all three [2]
8(b)(i) |e nitrile 2
e amide
e ketone/carbonyl
e ester
any two [1], all four [2]
8(b)(ii) | 8/eight 1
8(b)(iii) | no need to separate optical isomers 1
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Question Answer Marks
8(e) COO" 0O O 3
N o
HoN OH
O
M1: amide bond hydrolysed and COO- and NHz2 formed
M2: nitrile bond hydrolysed and COO- formed
M3: ester bond hydrolysed and COO- and OH formed
8(d)(i) | percentage =100 x28/(28+58+13+42)=19.9(%) min 2sf 1
8(d)(ii) | D is attracted more strongly to the stationary phase / forms stronger intermolecular forces with the stationary phase 1
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