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(a)(i)

                [4]

(a)(ii) Group 17 / VII / 7
AND
big (owtte) increase / big difference / big gap / big jump / jump in 
increase / jump in difference after 7th IE             [1]

(b) increases across period due to increasing attraction (of nucleus for 
electrons)                [1]
due to increasing nuclear charge / atomic / proton number AND 
constant / similar shielding / same (outer) shell / energy level           [1]
                                 [2]

(c) 1s22s22p63s23p4                [1] 

(100 − 99.76 − 0.04=) 0.2              [1]

0.2x + (99.76 × 16) + (0.04 × 17) = 16.0044                           [1]
                        100     
x = 18                [1]

                 [2]
                    [Total: 11]

name of
element

nucleon
number

atomic
number

number 
of
protons

number 
of
neutrons

number 
of
electrons

overall
charge

boron 10 5 5 5 5 0

nitrogen 15 7 7 8 10 -3

lead 208 82 82 126 80 +2

lithium 6 3 3 3 2 +1
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[1]
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(a)(i) enthalpy / energy / heat change when one mole of  
gaseous atoms is produced            [1]
from the element in its standard state           [1]
under standard conditions             [1]

          [3]

(a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
OR
as ΔHat for bromine / iodine also includes changes of state [1]

(a)(iii) (½Cl2 + ½I2 → ICl)
ΔHf = (½E(Cl2) + ½E(I2)) – E(ICl) OR E(ICl) = (151 / 2) + (242 / 2) + 24 [1]
E(ICl) = (+) 220.5 / 221           [1]

          [2]   

(b)(i) stronger / more / greater id–id / London / dispersion forces [1]
due to increasing numbers of electrons           [1]

          [2]

(b)(ii) (intermolecular forces in HF are) hydrogen bonds            [1]
(which are) stronger (than vdW) / more energy needed to  
separate molecules            [1]
OR

          [1]HF much more polar / F much more electronegative 
Intermolecular forces in HF stronger (than in HCl, HBr, 
HI) 

          [1] 
          [2]

(c)(i) P = iodine / I2 /I; Q = chlorine / Cl2 / Cl           [1]

(c)(ii) weaker H–P than H–Q bond ORA / easier /less energy to break  
H–P than H–Q ORA               [1]
due to greater distance / shielding of nucleus from bond pair ORA   [1]

          [2]

(c)(iii) 2HP (or 2HI) → (or   ) H2 + P2 (or I2)           [1]

(c)(iv)  [1]Ag+(aq) + Q−(aq) (or Cl−) → AgQ(s) (or AgCl(s)) 
AgQ(s) / AgCl(s) + NH3(aq) → Ag(NH3)2

+(aq) + Q−(aq) / Cl –(aq)         [1]
          [2]

(d)(i) [1]no of Cl increases by one each time / matches group number          
due to increasing number of valence/outer(most/shell) 
electrons / oxidation number / valency (of Mg, Al , Si)           [1]

          [2]

(d)(ii) [1]
[1]

MgCl2 (+aq) → Mg2+ + 2Cl –

AlCl3 + 6H2O → Al(H2O)6
3+ + 3Cl – / Al(H2O)5(OH)2+ + H+ + 3Cl –

SiCl4 + 2H2O → SiO2 + 4H+ + 4Cl –                                                                                          [1]
          [3]

[Total:21]

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(ii)

2(c)(i)

2(c)(iii)

2(c)(iv)

2(d)(i)

2(d)(ii)
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(a) Cr2O7
2− + 8H+ + 3H2C2O4 → 2Cr3+ + 6CO2 + 7H2O

M1 = species          [1]
M2 = balancing          [1]

        [2]

(a)(i) (0.02 × 32.0/1000 =) 6.40 × 10−4 [1]

(a)(ii) (6.4 × 10−4 × 3 = )1.92 × 10−3 [1]

(a)(iii) (0.242 / 1.92 × 10−3 =) 126(.0)         [1]

(a)(iv) (126 – 90 = 36; 36 / 18 = 2 hence) x = 2         [1]

[Total: 6]

3(a)

3(b)(i)

3(b)(ii)

3(b)(iii)

3(b)(iv)
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M2 = balancing          [1]
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(a) CH3CH2CH2COOH [1]
(CH3)2CHCOOH / CH3CH(CH3)COOH [1]

 [2]

(b)(i) Two from
1. CH3CH2COOCH3 2. CH3COOCH2CH3 3.HCOOCH2CH2CH3

[max 2]

(b)(ii) icorrect acid + alcohol for either ester          [1]
1. methanol + propanoic acid
2. ethanol + ethanoic acid
3. propan-1-ol + methanoic acid
(conc)H2SO4 / (conc)H3PO4 AND heat / warm / reflux;          [1] 

         [2]

(c) Peak at 1710–1750 (for ester) due to C(=)O           [1]
Peak at 1500–1680 (for X) due to C(=)C / alkene          [1]
Peak at 3200–3650 (for X) due to (alcohol) O(–)H              [1]  

         [3] 
[Total: 9]

4(a)

4(b)(i)

4(b)(ii)

4(c)
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(a) CH3CH2CH2COOH [1]
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(b)(i) Two from
1. CH3CH2COOCH3 2. CH3COOCH2CH3 3.HCOOCH2CH2CH3

[max 2]

(b)(ii) icorrect acid + alcohol for either ester          [1]
1. methanol + propanoic acid
2. ethanol + ethanoic acid
3. propan-1-ol + methanoic acid
(conc)H2SO4 / (conc)H3PO4 AND heat / warm / reflux;          [1] 

         [2]

(c) Peak at 1710–1750 (for ester) due to C(=)O           [1]
Peak at 1500–1680 (for X) due to C(=)C / alkene          [1]
Peak at 3200–3650 (for X) due to (alcohol) O(–)H              [1]  
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[Total: 9]
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(a)(i) acidified / H+

AND
potassium / sodium dichromate             [1]

(a)(ii) distillation (rather than reflux)                              [1]
(ensures aldehyde escapes) to avoid further  
oxidation / to avoid forming acid / as reflux  
causes further oxidation              [1] 
                                 [2]

(b) reaction 3 – (conc) H2SO4 / (conc) H3PO4 or Al 2O3 / pumice / 
porcelain / porous pot / ceramic

AND heat
reaction 4 – KBr / NaBr with (conc) H2SO4 or (red)P  

and Br2 / PBr3                       [1]
AND heat                                 [1] 

                                 [2]

5(a)(i)

5(a)(ii)

5(b)

5(c)(i)

5(c)(ii)

5(c)(iii)

QHIGH
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5(c)(i)

5(c)(ii)

5(c)(iii)

Q5 Mark scheme

(c)(i)

M1 = lone pair on C of CN– AND curly arrow from lone pair  
to carbonyl carbon               [1]
M2 = dipole on C=O AND curly arrow to O from =            [1]
M3 = intermediate with negative charge             [1]
M4 = lone pair and curly arrow to H+             [1]
                 [4]

(c)(ii)                       [1+1]
       
          

                [2]

(c)(iii) attack / attach from either side / above or below / from two  
directions because the carbonyl / molecule is             [1]

planar / trigonal / flat / because of the shape of the molecule           [1]
OR
product is chiral / has a chiral carbon / has a carbon attached to  

four different groups / has a chiral centre / is asymmetric
(equal) chance of forming either (of the two optical isomers) / 

mechanism doesn’t distinguish between the two
(optical isomers) / able to form either / chance of forming / able  

to form 50:50
OR
because the carbonyl / molecule is planar / trigonal / flat OR
because of the shape of the molecule (equal) chance of  

forming either (of the two optical isomers) / mechanism
doesn’t distinguish between the two (optical isomers) / able  

to form either / chance of forming / able to form 50:50            
                [2]

                    [Total: 13]
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(a)(i)

 [4]

(a)(ii) (–)CO2H / carboxylic acid           [1]

(a)(iii) (–)CHO / aldehyde / alkanal
or
alkene / C=C           [1]

(a)(iv) Oxidation of organic compound / reduction of MnO4
−/ redox

or
if alkene in (iii) then electrophilic addition           [1]

(a)(v) (–)OH / (1° / 2°) alcohol / alkanol / hydroxy
or
alkene / C=C            [1]

(a)(vi) transport / transporter / carrier, protein ; R pump protein
Add Na to give effervescence / hydrogen / gas which pops with 
lighted splint, or
Add PCl5 / SOCl2 to give misty fumes / steamy fumes / HCl , or Add 
carboxylic acid AND (conc) sulfuric acid to produce fruity / sweet 
smell
or
if alkene in (v) Br2 decolourised / brown to colourless           [1]

  [Total: 9]

FA 5 FA 6 FA 7 FA 8

Fizz / bubbles /
effervescence

Fizz / bubbles /
effervescence

no change no change

Gas turns
limewater
milky / cloudy
white / white
ppt / chalky

Gas turns
limewater
milky / cloudy
white / white
ppt / chalky

No reaction/no
change

No reaction/no
change

Silver / black /
dark grey and
mirror / solid /
ppt

No reaction /
no change / no
silver mirror

No reaction /
no change / no
silver mirror

Silver / black /
dark grey
and
mirror / solid /
ppt

Purple to
colourless or
solution /
MnO4

– /
manganate
(VII)
decolourised/
disappeared

No reaction
or
remains / turns
purple or pink

Purple to
colourless or
solution / 

MnO4
–/

manganate(VII)
decolourised /
disappeared

Purple to
colourless
or solution /
MnO4

–/
manganate
(VII)
decolourised
/ disappeared

3(a)(i)

3(a)(ii)

3(a)(iii)

3(a)(iv)

3(a)(v)

3(a)(vi)
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(a)(I) dative (covalent) or coordinate

Hydrogen / H (boding)
         [2]

(a)(ii) octahedral          [1]

(a)(iii) Mg(NO3)2.6H2O → Mg(NO3)2 + 6H2O

Mg(NO3)2 → MgO + 2NO2 + ½ O2

any three of
(solid) dissolves / turns to liquid
condensation on tube
white solid (forms / remains)
brown fumes (evolved)
gas formed that relights a glowing splint [4]

(a)(iv) Mr values: Mg(NO3)2.6H2O = 256.3 MgO = 40.3
or
(loss in molar mass = 256.3 – 40.3 =) 216
percentage loss = 100 × 216 / 256.3 = 84.3 / 84.4%            [2]

(b) cat)-ionic radius / ion size increases (down the group)

less polarisation / distortion of nitrate ion / NO3
- [2]

(c) 2AgNO3 → 2Ag + 2NO2 + O2 [1]

           [Total: 12]

1(a)(i)

1(a)(ii)

1(a)(iii)

1(a)(iv)

1(b)

1(c)
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(c) 2AgNO3 → 2Ag + 2NO2 + O2 [1]
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(a)(I) dative (covalent) or coordinate
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(a) (an acid that is) partially / incompletely ionised / dissociated [1]

(b)(i) pKa = –logKa or Ka = 10–pKa           [1]

(b)(ii) ethanoic acid (1) is more acidic than propanoic acid (2) due to smaller 
electron-donating (R / alkyl) group / less electron-donating (R / alkyl) 
group(s)
2-chloropropanoic acid (3) is more acidic than propanoic acid (2) due to 
electron-withdrawing / electronegative (Cl / chlorine) atom
2-chloropropanoic acid (3) is more acidic than 3¬-chloropropanoic acid 
(4) since the Cl / chlorine / electronegative atom is closer to the CO2

–/ 
acid     [3]

(c)(i)

M1: voltmeter / V and salt bridge labelled

M2: Cu and Cu2+/ CuSO4 (any soluble Cu(II) salt)

M3: H2 (arrow in) and H+/ HCl / H2SO4 / any mineral acid

M4 Pt and one solution at 1 M / 1 mol dm–3 OR H2 at 1 atm          [4]

(c)(ii) Eocell = 0.34 (V) and (Cu2+) / Cu is the positive electrode 
          [3] 

(d)(i) Ka = 1.23 × 10–5

[H+] = √(Ka.c) = √(1.23 × 10–5 × 0.1) = 1.11 × 10–3 mol dm–3

pH = 3.0 (2.96) ecf from [H+]            [1]

(d)(ii) E = 0.0 + 0.059log(1.11 × 10–3) OR = –0.17(4)V
so new Ecell = 0.34 + 0.17 = 0.51V
ecf from (d)(i)           [2]

[Total: 14]

salt bridge

Cu

Cu2+(aq)
H+(aq)

H2(g)

Pt

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

Page 6 of 23Print Script



Select 
page

Your 
Mark Q2 Mark scheme

(a) (an acid that is) partially / incompletely ionised / dissociated [1]

(b)(i) pKa = –logKa or Ka = 10–pKa           [1]

(b)(ii) ethanoic acid (1) is more acidic than propanoic acid (2) due to smaller 
electron-donating (R / alkyl) group / less electron-donating (R / alkyl) 
group(s)
2-chloropropanoic acid (3) is more acidic than propanoic acid (2) due to 
electron-withdrawing / electronegative (Cl / chlorine) atom
2-chloropropanoic acid (3) is more acidic than 3¬-chloropropanoic acid 
(4) since the Cl / chlorine / electronegative atom is closer to the CO2

–/ 
acid     [3]

(c)(i)

M1: voltmeter / V and salt bridge labelled

M2: Cu and Cu2+/ CuSO4 (any soluble Cu(II) salt)

M3: H2 (arrow in) and H+/ HCl / H2SO4 / any mineral acid

M4 Pt and one solution at 1 M / 1 mol dm–3 OR H2 at 1 atm          [4]

(c)(ii) Eocell = 0.34 (V) and (Cu2+) / Cu is the positive electrode 
          [3] 

(d)(i) Ka = 1.23 × 10–5

[H+] = √(Ka.c) = √(1.23 × 10–5 × 0.1) = 1.11 × 10–3 mol dm–3

pH = 3.0 (2.96) ecf from [H+]            [1]

(d)(ii) E = 0.0 + 0.059log(1.11 × 10–3) OR = –0.17(4)V
so new Ecell = 0.34 + 0.17 = 0.51V
ecf from (d)(i)           [2]

[Total: 14]

salt bridge

Cu

Cu2+(aq)
H+(aq)

H2(g)

Pt

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

Page 7 of 23Print Script



Select 
page

Your 
Mark Q2 Mark scheme

(a) (an acid that is) partially / incompletely ionised / dissociated [1]

(b)(i) pKa = –logKa or Ka = 10–pKa           [1]

(b)(ii) ethanoic acid (1) is more acidic than propanoic acid (2) due to smaller 
electron-donating (R / alkyl) group / less electron-donating (R / alkyl) 
group(s)
2-chloropropanoic acid (3) is more acidic than propanoic acid (2) due to 
electron-withdrawing / electronegative (Cl / chlorine) atom
2-chloropropanoic acid (3) is more acidic than 3¬-chloropropanoic acid 
(4) since the Cl / chlorine / electronegative atom is closer to the CO2

–/ 
acid     [3]

(c)(i)

M1: voltmeter / V and salt bridge labelled

M2: Cu and Cu2+/ CuSO4 (any soluble Cu(II) salt)

M3: H2 (arrow in) and H+/ HCl / H2SO4 / any mineral acid

M4 Pt and one solution at 1 M / 1 mol dm–3 OR H2 at 1 atm          [4]

(c)(ii) Eocell = 0.34 (V) and (Cu2+) / Cu is the positive electrode 
          [3] 

(d)(i) Ka = 1.23 × 10–5

[H+] = √(Ka.c) = √(1.23 × 10–5 × 0.1) = 1.11 × 10–3 mol dm–3

pH = 3.0 (2.96) ecf from [H+]            [1]

(d)(ii) E = 0.0 + 0.059log(1.11 × 10–3) OR = –0.17(4)V
so new Ecell = 0.34 + 0.17 = 0.51V
ecf from (d)(i)           [2]

[Total: 14]

salt bridge

Cu

Cu2+(aq)
H+(aq)

H2(g)

Pt

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

Page 6 of 23Print Script



Select 
page

Your 
Mark Q2 Mark scheme

(a) (an acid that is) partially / incompletely ionised / dissociated [1]

(b)(i) pKa = –logKa or Ka = 10–pKa           [1]

(b)(ii) ethanoic acid (1) is more acidic than propanoic acid (2) due to smaller 
electron-donating (R / alkyl) group / less electron-donating (R / alkyl) 
group(s)
2-chloropropanoic acid (3) is more acidic than propanoic acid (2) due to 
electron-withdrawing / electronegative (Cl / chlorine) atom
2-chloropropanoic acid (3) is more acidic than 3¬-chloropropanoic acid 
(4) since the Cl / chlorine / electronegative atom is closer to the CO2

–/ 
acid     [3]

(c)(i)

M1: voltmeter / V and salt bridge labelled

M2: Cu and Cu2+/ CuSO4 (any soluble Cu(II) salt)

M3: H2 (arrow in) and H+/ HCl / H2SO4 / any mineral acid

M4 Pt and one solution at 1 M / 1 mol dm–3 OR H2 at 1 atm          [4]

(c)(ii) Eocell = 0.34 (V) and (Cu2+) / Cu is the positive electrode 
          [3] 

(d)(i) Ka = 1.23 × 10–5

[H+] = √(Ka.c) = √(1.23 × 10–5 × 0.1) = 1.11 × 10–3 mol dm–3

pH = 3.0 (2.96) ecf from [H+]            [1]

(d)(ii) E = 0.0 + 0.059log(1.11 × 10–3) OR = –0.17(4)V
so new Ecell = 0.34 + 0.17 = 0.51V
ecf from (d)(i)           [2]

[Total: 14]

salt bridge

Cu

Cu2+(aq)
H+(aq)

H2(g)

Pt

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

Page 7 of 23Print Script



Select 
page

Your 
Mark Q2 Mark scheme

(a) (an acid that is) partially / incompletely ionised / dissociated [1]

(b)(i) pKa = –logKa or Ka = 10–pKa           [1]

(b)(ii) ethanoic acid (1) is more acidic than propanoic acid (2) due to smaller 
electron-donating (R / alkyl) group / less electron-donating (R / alkyl) 
group(s)
2-chloropropanoic acid (3) is more acidic than propanoic acid (2) due to 
electron-withdrawing / electronegative (Cl / chlorine) atom
2-chloropropanoic acid (3) is more acidic than 3¬-chloropropanoic acid 
(4) since the Cl / chlorine / electronegative atom is closer to the CO2

–/ 
acid     [3]

(c)(i)

M1: voltmeter / V and salt bridge labelled

M2: Cu and Cu2+/ CuSO4 (any soluble Cu(II) salt)

M3: H2 (arrow in) and H+/ HCl / H2SO4 / any mineral acid

M4 Pt and one solution at 1 M / 1 mol dm–3 OR H2 at 1 atm          [4]

(c)(ii) Eocell = 0.34 (V) and (Cu2+) / Cu is the positive electrode 
          [3] 

(d)(i) Ka = 1.23 × 10–5

[H+] = √(Ka.c) = √(1.23 × 10–5 × 0.1) = 1.11 × 10–3 mol dm–3

pH = 3.0 (2.96) ecf from [H+]            [1]

(d)(ii) E = 0.0 + 0.059log(1.11 × 10–3) OR = –0.17(4)V
so new Ecell = 0.34 + 0.17 = 0.51V
ecf from (d)(i)           [2]

[Total: 14]

salt bridge

Cu

Cu2+(aq)
H+(aq)

H2(g)

Pt

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

Page 6 of 23Print Script



Select 
page

Your 
Mark Q2 Mark scheme

(a) (an acid that is) partially / incompletely ionised / dissociated [1]

(b)(i) pKa = –logKa or Ka = 10–pKa           [1]

(b)(ii) ethanoic acid (1) is more acidic than propanoic acid (2) due to smaller 
electron-donating (R / alkyl) group / less electron-donating (R / alkyl) 
group(s)
2-chloropropanoic acid (3) is more acidic than propanoic acid (2) due to 
electron-withdrawing / electronegative (Cl / chlorine) atom
2-chloropropanoic acid (3) is more acidic than 3¬-chloropropanoic acid 
(4) since the Cl / chlorine / electronegative atom is closer to the CO2

–/ 
acid     [3]

(c)(i)

M1: voltmeter / V and salt bridge labelled

M2: Cu and Cu2+/ CuSO4 (any soluble Cu(II) salt)

M3: H2 (arrow in) and H+/ HCl / H2SO4 / any mineral acid

M4 Pt and one solution at 1 M / 1 mol dm–3 OR H2 at 1 atm          [4]

(c)(ii) Eocell = 0.34 (V) and (Cu2+) / Cu is the positive electrode 
          [3] 

(d)(i) Ka = 1.23 × 10–5

[H+] = √(Ka.c) = √(1.23 × 10–5 × 0.1) = 1.11 × 10–3 mol dm–3

pH = 3.0 (2.96) ecf from [H+]            [1]

(d)(ii) E = 0.0 + 0.059log(1.11 × 10–3) OR = –0.17(4)V
so new Ecell = 0.34 + 0.17 = 0.51V
ecf from (d)(i)           [2]

[Total: 14]

salt bridge

Cu

Cu2+(aq)
H+(aq)

H2(g)

Pt

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

Page 7 of 23Print Script



Cambridge Assessment International Education
The Triangle Building, Shaftesbury Road, Cambridge, CB2 8EA, United Kingdom
t: +44 1223 553554 f: +44 1223 553558
e: info@cambridgeinternational.org www.cambridgeinternational.org

Copyright © UCLES March 2018

mailto:info@cambridgeinternational.org
www.cambridgeinternational.org


Interactive Example Candidate Responses 
Paper 42 (May/June 2016), Question 3 

Interactive

Version 1.0

Cambridge International AS & A Level 
Chemistry 9701



In order to help us develop the highest quality resources, we are undertaking a continuous programme of review; not only to measure the success of 
our resources but also to highlight areas for improvement and to identify new development needs. 

We invite you to complete our survey by visiting the website below. Your comments on the quality and relevance of our resources are very important 
to us. 

www.surveymonkey.co.uk/r/GL6ZNJB 

Would you like to become a Cambridge International consultant and help us develop support materials? 

Please follow the link below to register your interest. 

www.cambridgeinternational.org/cambridge-for/teachers/teacherconsultants/ 

Copyright © UCLES 2018 
Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of 
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge. 

UCLES retains the copyright on all its publications. Registered Centres are permitted to copy material from this booklet for their own internal use. However, we 
cannot give permission to Centres to photocopy any material that is acknowledged to a third party, even for internal use within a Centre.

http://www.surveymonkey.co.uk/r/GL6ZNJB
http://www.cambridgeinternational.org/cambridge-for/teachers/teacherconsultants/


Select 
page

Your 
Mark Q3 Mark scheme

(a)(i) (CH3)2CHCN         [1]

(a)(ii) reaction 1: NH3 (in ethanol) under pressure (+ heat) 
or heat NH3 in a sealed tube

reaction 2: KCN / NaCN and heat / reflux (in ethanol)

reaction 3: H2 + Ni or LiAl H4          [3]

(b)(i) CH3CH2NH2 + H2O → CH3CH2NH3
+ (+) OH–         [1]

(b)(ii) ethylamine is more basic than ammonia…

because of electron-donating (alkyl / ethyl / R) group (in 
ethylamine)

which makes the lone pair (on N) more available for 
donation

or the lone pair (on N) more available for a proton / H+     [2]

(c)(i) A solution which resists / minimises / roughly maintains 
changes in pH when (small amounts of) H+ or OH– are 
added         [1] 

(c)(ii) CH3NH2 + H+ → CH3NH3
+

CH3NH3Cl + OH → CH3NH2 + H2O + Cl         [2]

          [Total: 10]

3(a)(i)

3(a)(ii)

3(b)(i)

3(c)(i)

3(b)(ii)

3(c)(ii)
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or the lone pair (on N) more available for a proton / H+     [2]

(c)(i) A solution which resists / minimises / roughly maintains 
changes in pH when (small amounts of) H+ or OH– are 
added         [1] 

(c)(ii) CH3NH2 + H+ → CH3NH3
+

CH3NH3Cl + OH → CH3NH2 + H2O + Cl         [2]

          [Total: 10]

3(a)(i)

3(a)(ii)

3(b)(i)

3(c)(i)

3(b)(ii)

3(c)(ii)

Page 9 of 24Print Script



Select 
page

Your 
Mark Q3 Mark scheme

(a)(i) (CH3)2CHCN         [1]

(a)(ii) reaction 1: NH3 (in ethanol) under pressure (+ heat) 
or heat NH3 in a sealed tube

reaction 2: KCN / NaCN and heat / reflux (in ethanol)

reaction 3: H2 + Ni or LiAl H4          [3]

(b)(i) CH3CH2NH2 + H2O → CH3CH2NH3
+ (+) OH–         [1]

(b)(ii) ethylamine is more basic than ammonia…

because of electron-donating (alkyl / ethyl / R) group (in 
ethylamine)

which makes the lone pair (on N) more available for 
donation

or the lone pair (on N) more available for a proton / H+     [2]

(c)(i) A solution which resists / minimises / roughly maintains 
changes in pH when (small amounts of) H+ or OH– are 
added         [1] 

(c)(ii) CH3NH2 + H+ → CH3NH3
+

CH3NH3Cl + OH → CH3NH2 + H2O + Cl         [2]

          [Total: 10]

3(a)(i)

3(a)(ii)

3(b)(i)

3(c)(i)

3(b)(ii)

3(c)(ii)

Page 8 of 23Print Script



Select 
page

Your 
Mark Q3 Mark scheme

(a)(i) (CH3)2CHCN         [1]

(a)(ii) reaction 1: NH3 (in ethanol) under pressure (+ heat) 
or heat NH3 in a sealed tube

reaction 2: KCN / NaCN and heat / reflux (in ethanol)

reaction 3: H2 + Ni or LiAl H4          [3]

(b)(i) CH3CH2NH2 + H2O → CH3CH2NH3
+ (+) OH–         [1]

(b)(ii) ethylamine is more basic than ammonia…

because of electron-donating (alkyl / ethyl / R) group (in 
ethylamine)

which makes the lone pair (on N) more available for 
donation

or the lone pair (on N) more available for a proton / H+     [2]

(c)(i) A solution which resists / minimises / roughly maintains 
changes in pH when (small amounts of) H+ or OH– are 
added         [1] 

(c)(ii) CH3NH2 + H+ → CH3NH3
+

CH3NH3Cl + OH → CH3NH2 + H2O + Cl         [2]

          [Total: 10]

3(a)(i)

3(a)(ii)

3(b)(i)

3(c)(i)

3(b)(ii)

3(c)(ii)

Page 9 of 23Print Script



Select 
page

Your 
Mark Q3 Mark scheme

(a)(i) (CH3)2CHCN         [1]

(a)(ii) reaction 1: NH3 (in ethanol) under pressure (+ heat) 
or heat NH3 in a sealed tube

reaction 2: KCN / NaCN and heat / reflux (in ethanol)

reaction 3: H2 + Ni or LiAl H4          [3]

(b)(i) CH3CH2NH2 + H2O → CH3CH2NH3
+ (+) OH–         [1]

(b)(ii) ethylamine is more basic than ammonia…

because of electron-donating (alkyl / ethyl / R) group (in 
ethylamine)

which makes the lone pair (on N) more available for 
donation

or the lone pair (on N) more available for a proton / H+     [2]

(c)(i) A solution which resists / minimises / roughly maintains 
changes in pH when (small amounts of) H+ or OH– are 
added         [1] 

(c)(ii) CH3NH2 + H+ → CH3NH3
+

CH3NH3Cl + OH → CH3NH2 + H2O + Cl         [2]

          [Total: 10]

3(a)(i)

3(a)(ii)

3(b)(i)

3(c)(i)

3(b)(ii)

3(c)(ii)

Page 7 of 22Print Script



Select 
page

Your 
Mark Q3 Mark scheme

(a)(i) (CH3)2CHCN         [1]

(a)(ii) reaction 1: NH3 (in ethanol) under pressure (+ heat) 
or heat NH3 in a sealed tube

reaction 2: KCN / NaCN and heat / reflux (in ethanol)

reaction 3: H2 + Ni or LiAl H4          [3]

(b)(i) CH3CH2NH2 + H2O → CH3CH2NH3
+ (+) OH–         [1]

(b)(ii) ethylamine is more basic than ammonia…

because of electron-donating (alkyl / ethyl / R) group (in 
ethylamine)

which makes the lone pair (on N) more available for 
donation

or the lone pair (on N) more available for a proton / H+     [2]

(c)(i) A solution which resists / minimises / roughly maintains 
changes in pH when (small amounts of) H+ or OH– are 
added         [1] 

(c)(ii) CH3NH2 + H+ → CH3NH3
+

CH3NH3Cl + OH → CH3NH2 + H2O + Cl         [2]

          [Total: 10]

3(a)(i)

3(a)(ii)

3(b)(i)

3(c)(i)

3(b)(ii)

3(c)(ii)
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(a)(i)

 [2]

(a)(ii) cis is (more) polar due to both Cl(∂–) on same side
or
cis is (more) polar as dipoles do not cancel / unsymmetrical
or
trans is non-polar as it is bond dipoles cancel

 [1]

(a)(iii) (This can only be cis)
its mirror image is the same / superimposable

or the distance between two coordinating nitrogens / oxygens 
is too small to bond trans
or difficult for the NH2 and O to change places (since 
5-memebered rings can only bridge adjacent positions)

[1]

(b)(i) It’s not square planar or it’s tetrahedral
[1]

(b)(ii) must be 3D structure (i.e. tetrahedral-like) 

          [1] 

            [Total: 6]

4(a)(i)

4(a)(ii)

4(a)(iii)

4(b)(i)

4(b)(ii)
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(a)(i)

 [2]

(a)(ii) cis is (more) polar due to both Cl(∂–) on same side
or
cis is (more) polar as dipoles do not cancel / unsymmetrical
or
trans is non-polar as it is bond dipoles cancel

 [1]

(a)(iii) (This can only be cis)
its mirror image is the same / superimposable

or the distance between two coordinating nitrogens / oxygens 
is too small to bond trans
or difficult for the NH2 and O to change places (since 
5-memebered rings can only bridge adjacent positions)

[1]

(b)(i) It’s not square planar or it’s tetrahedral
[1]

(b)(ii) must be 3D structure (i.e. tetrahedral-like) 

          [1] 

            [Total: 6]

4(a)(i)

4(a)(ii)

4(a)(iii)

4(b)(i)

4(b)(ii)
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(a)(i)

 [2]

(a)(ii) cis is (more) polar due to both Cl(∂–) on same side
or
cis is (more) polar as dipoles do not cancel / unsymmetrical
or
trans is non-polar as it is bond dipoles cancel

 [1]

(a)(iii) (This can only be cis)
its mirror image is the same / superimposable

or the distance between two coordinating nitrogens / oxygens 
is too small to bond trans
or difficult for the NH2 and O to change places (since 
5-memebered rings can only bridge adjacent positions)

[1]

(b)(i) It’s not square planar or it’s tetrahedral
[1]

(b)(ii) must be 3D structure (i.e. tetrahedral-like) 

          [1] 

            [Total: 6]

4(a)(i)

4(a)(ii)

4(a)(iii)

4(b)(i)

4(b)(ii)
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(a)(i)

 [2]

(a)(ii) cis is (more) polar due to both Cl(∂–) on same side
or
cis is (more) polar as dipoles do not cancel / unsymmetrical
or
trans is non-polar as it is bond dipoles cancel

 [1]

(a)(iii) (This can only be cis)
its mirror image is the same / superimposable

or the distance between two coordinating nitrogens / oxygens 
is too small to bond trans
or difficult for the NH2 and O to change places (since 
5-memebered rings can only bridge adjacent positions)

[1]

(b)(i) It’s not square planar or it’s tetrahedral
[1]

(b)(ii) must be 3D structure (i.e. tetrahedral-like) 

          [1] 

            [Total: 6]

4(a)(i)

4(a)(ii)

4(a)(iii)

4(b)(i)

4(b)(ii)
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(a)(i)

 [2]

(a)(ii) cis is (more) polar due to both Cl(∂–) on same side
or
cis is (more) polar as dipoles do not cancel / unsymmetrical
or
trans is non-polar as it is bond dipoles cancel

 [1]

(a)(iii) (This can only be cis)
its mirror image is the same / superimposable

or the distance between two coordinating nitrogens / oxygens 
is too small to bond trans
or difficult for the NH2 and O to change places (since 
5-memebered rings can only bridge adjacent positions)

[1]

(b)(i) It’s not square planar or it’s tetrahedral
[1]

(b)(ii) must be 3D structure (i.e. tetrahedral-like) 

          [1] 

            [Total: 6]

4(a)(i)

4(a)(ii)

4(a)(iii)

4(b)(i)

4(b)(ii)
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(a)(i)

 [2]

(a)(ii) cis is (more) polar due to both Cl(∂–) on same side
or
cis is (more) polar as dipoles do not cancel / unsymmetrical
or
trans is non-polar as it is bond dipoles cancel

 [1]

(a)(iii) (This can only be cis)
its mirror image is the same / superimposable

or the distance between two coordinating nitrogens / oxygens 
is too small to bond trans
or difficult for the NH2 and O to change places (since 
5-memebered rings can only bridge adjacent positions)

[1]

(b)(i) It’s not square planar or it’s tetrahedral
[1]

(b)(ii) must be 3D structure (i.e. tetrahedral-like) 

          [1] 

            [Total: 6]

4(a)(i)

4(a)(ii)

4(a)(iii)

4(b)(i)

4(b)(ii)
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(a)(i) Kstab = [Cd(CH3NH2)4
2+]

 [Cd2+] [CH3NH2]
4

units: mol–4 dm12

          [2]

(a)(ii) Cd2+ + 4CH3NH2    [Cd(CH3NH2)4]2+

at start: 1 × 1–4   0
at eqm: 1× 10–7  y 1 × 10–4 – 1 × 10–7

          or 9.99 × 10–5 or 1.0 × 10–4

9.99 × 10–5/ (y4 × 10–7)= 3.6 × 106

and y = 4√(9.99 × 10–5) / (1 × 10–7 × 3.6 × 106) = 0.129 / 0.13 

  [2]

(b)(i) (each complex is formed by) making (4 ×)N-Cd bonds and 
breaking (6 ×) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking         

          [1]

(b)(ii) ΔS = (ΔH – ΔG) / T = (60.7 – 56.5) × 1000 / 298 = (+)14 / (+)14.1 

 [1]

(b)(iii) fewer moles (of solutes) are forming (one mole of) the 
complex (so less loss of disorder)
or one en displaces two H2O whereas one CH3NH2 only 
displaces one H2O

[1]

(b)(iv) The [Cd(H2NCH2CH2NH2)2]
2+ / equilibrium 2 complex (is more 

stable) because:
either Kstab is greater or ΔGo is more negative.

[1]
[Total: 8]

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)
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(a)(i) Kstab = [Cd(CH3NH2)4
2+]

 [Cd2+] [CH3NH2]
4

units: mol–4 dm12

          [2]

(a)(ii) Cd2+ + 4CH3NH2    [Cd(CH3NH2)4]2+

at start: 1 × 1–4   0
at eqm: 1× 10–7  y 1 × 10–4 – 1 × 10–7

          or 9.99 × 10–5 or 1.0 × 10–4

9.99 × 10–5/ (y4 × 10–7)= 3.6 × 106

and y = 4√(9.99 × 10–5) / (1 × 10–7 × 3.6 × 106) = 0.129 / 0.13 

  [2]

(b)(i) (each complex is formed by) making (4 ×)N-Cd bonds and 
breaking (6 ×) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking         

          [1]

(b)(ii) ΔS = (ΔH – ΔG) / T = (60.7 – 56.5) × 1000 / 298 = (+)14 / (+)14.1 

 [1]

(b)(iii) fewer moles (of solutes) are forming (one mole of) the 
complex (so less loss of disorder)
or one en displaces two H2O whereas one CH3NH2 only 
displaces one H2O

[1]

(b)(iv) The [Cd(H2NCH2CH2NH2)2]
2+ / equilibrium 2 complex (is more 

stable) because:
either Kstab is greater or ΔGo is more negative.

[1]
[Total: 8]

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)
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(a)(i) Kstab = [Cd(CH3NH2)4
2+]

 [Cd2+] [CH3NH2]
4

units: mol–4 dm12

          [2]

(a)(ii) Cd2+ + 4CH3NH2    [Cd(CH3NH2)4]2+

at start: 1 × 1–4   0
at eqm: 1× 10–7  y 1 × 10–4 – 1 × 10–7

          or 9.99 × 10–5 or 1.0 × 10–4

9.99 × 10–5/ (y4 × 10–7)= 3.6 × 106

and y = 4√(9.99 × 10–5) / (1 × 10–7 × 3.6 × 106) = 0.129 / 0.13 

  [2]

(b)(i) (each complex is formed by) making (4 ×)N-Cd bonds and 
breaking (6 ×) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking         

          [1]

(b)(ii) ΔS = (ΔH – ΔG) / T = (60.7 – 56.5) × 1000 / 298 = (+)14 / (+)14.1 

 [1]

(b)(iii) fewer moles (of solutes) are forming (one mole of) the 
complex (so less loss of disorder)
or one en displaces two H2O whereas one CH3NH2 only 
displaces one H2O

[1]

(b)(iv) The [Cd(H2NCH2CH2NH2)2]
2+ / equilibrium 2 complex (is more 

stable) because:
either Kstab is greater or ΔGo is more negative.

[1]
[Total: 8]

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)

Page 11 of 22Print Script



Select 
page

Your 
Mark Q5 Mark scheme

(a)(i) Kstab = [Cd(CH3NH2)4
2+]

 [Cd2+] [CH3NH2]
4

units: mol–4 dm12

          [2]

(a)(ii) Cd2+ + 4CH3NH2    [Cd(CH3NH2)4]2+

at start: 1 × 1–4   0
at eqm: 1× 10–7  y 1 × 10–4 – 1 × 10–7

          or 9.99 × 10–5 or 1.0 × 10–4

9.99 × 10–5/ (y4 × 10–7)= 3.6 × 106

and y = 4√(9.99 × 10–5) / (1 × 10–7 × 3.6 × 106) = 0.129 / 0.13 

  [2]

(b)(i) (each complex is formed by) making (4 ×)N-Cd bonds and 
breaking (6 ×) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking         

          [1]

(b)(ii) ΔS = (ΔH – ΔG) / T = (60.7 – 56.5) × 1000 / 298 = (+)14 / (+)14.1 

 [1]

(b)(iii) fewer moles (of solutes) are forming (one mole of) the 
complex (so less loss of disorder)
or one en displaces two H2O whereas one CH3NH2 only 
displaces one H2O

[1]

(b)(iv) The [Cd(H2NCH2CH2NH2)2]
2+ / equilibrium 2 complex (is more 

stable) because:
either Kstab is greater or ΔGo is more negative.

[1]
[Total: 8]

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)
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(a)(i) Kstab = [Cd(CH3NH2)4
2+]

 [Cd2+] [CH3NH2]
4

units: mol–4 dm12

          [2]

(a)(ii) Cd2+ + 4CH3NH2    [Cd(CH3NH2)4]2+

at start: 1 × 1–4   0
at eqm: 1× 10–7  y 1 × 10–4 – 1 × 10–7

          or 9.99 × 10–5 or 1.0 × 10–4

9.99 × 10–5/ (y4 × 10–7)= 3.6 × 106

and y = 4√(9.99 × 10–5) / (1 × 10–7 × 3.6 × 106) = 0.129 / 0.13 

  [2]

(b)(i) (each complex is formed by) making (4 ×)N-Cd bonds and 
breaking (6 ×) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking         

          [1]

(b)(ii) ΔS = (ΔH – ΔG) / T = (60.7 – 56.5) × 1000 / 298 = (+)14 / (+)14.1 

 [1]

(b)(iii) fewer moles (of solutes) are forming (one mole of) the 
complex (so less loss of disorder)
or one en displaces two H2O whereas one CH3NH2 only 
displaces one H2O

[1]

(b)(iv) The [Cd(H2NCH2CH2NH2)2]
2+ / equilibrium 2 complex (is more 

stable) because:
either Kstab is greater or ΔGo is more negative.

[1]
[Total: 8]

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)
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(a)(i) Kstab = [Cd(CH3NH2)4
2+]

 [Cd2+] [CH3NH2]
4

units: mol–4 dm12

          [2]

(a)(ii) Cd2+ + 4CH3NH2    [Cd(CH3NH2)4]2+

at start: 1 × 1–4   0
at eqm: 1× 10–7  y 1 × 10–4 – 1 × 10–7

          or 9.99 × 10–5 or 1.0 × 10–4

9.99 × 10–5/ (y4 × 10–7)= 3.6 × 106

and y = 4√(9.99 × 10–5) / (1 × 10–7 × 3.6 × 106) = 0.129 / 0.13 

  [2]

(b)(i) (each complex is formed by) making (4 ×)N-Cd bonds and 
breaking (6 ×) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking         

          [1]

(b)(ii) ΔS = (ΔH – ΔG) / T = (60.7 – 56.5) × 1000 / 298 = (+)14 / (+)14.1 

 [1]

(b)(iii) fewer moles (of solutes) are forming (one mole of) the 
complex (so less loss of disorder)
or one en displaces two H2O whereas one CH3NH2 only 
displaces one H2O

[1]

(b)(iv) The [Cd(H2NCH2CH2NH2)2]
2+ / equilibrium 2 complex (is more 

stable) because:
either Kstab is greater or ΔGo is more negative.

[1]
[Total: 8]

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)
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(a) essential mark
M1 the reactants / substrate has a shape complementary / 
specific to active site – can be awarded from a labelled
diagram as below or diagrams showing this specificity clearly
any two of
M2: reactants / substrate binds to / fits into the active site of 

the enzyme
M3: (Interaction with site) causes a specific bond to be 

weakened, (which breaks)
or lowers activation energy

M4: forms an E-S complex
M5: products released from enzyme / active site    

          [3]

(b)(i) δ 26 is CH3-CO δ 52 is CH3-O
δ 169 is CH3CO δ 167 is phenyl-CO

Phenyl ethanoate is B methyl benzoate is A
M1 = any two correct δ linked to phenylethanoate / methyl 
benzoate
M2 = the rest correct 

  [2]

(b)(iI) heat with H3O
+ (to hydrolyse the ester)

then add Br2(aq) / bromine water
decolourises/gives white ppt. (with phenol from B) 

[3] 
[Total: 8]

enzyme

active site

substrate

(products)

labelled diagrams

6(a)

6(b)(i)

6(b)(ii)
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(a) essential mark
M1 the reactants / substrate has a shape complementary / 
specific to active site – can be awarded from a labelled
diagram as below or diagrams showing this specificity clearly
any two of
M2: reactants / substrate binds to / fits into the active site of 

the enzyme
M3: (Interaction with site) causes a specific bond to be 

weakened, (which breaks)
or lowers activation energy

M4: forms an E-S complex
M5: products released from enzyme / active site    

          [3]

(b)(i) δ 26 is CH3-CO δ 52 is CH3-O
δ 169 is CH3CO δ 167 is phenyl-CO

Phenyl ethanoate is B methyl benzoate is A
M1 = any two correct δ linked to phenylethanoate / methyl 
benzoate
M2 = the rest correct 

  [2]

(b)(iI) heat with H3O
+ (to hydrolyse the ester)

then add Br2(aq) / bromine water
decolourises/gives white ppt. (with phenol from B) 

[3] 
[Total: 8]

enzyme

active site

substrate

(products)

labelled diagrams

6(a)

6(b)(i)

6(b)(ii)
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(a) essential mark
M1 the reactants / substrate has a shape complementary / 
specific to active site – can be awarded from a labelled
diagram as below or diagrams showing this specificity clearly
any two of
M2: reactants / substrate binds to / fits into the active site of 

the enzyme
M3: (Interaction with site) causes a specific bond to be 

weakened, (which breaks)
or lowers activation energy

M4: forms an E-S complex
M5: products released from enzyme / active site    

          [3]

(b)(i) δ 26 is CH3-CO δ 52 is CH3-O
δ 169 is CH3CO δ 167 is phenyl-CO

Phenyl ethanoate is B methyl benzoate is A
M1 = any two correct δ linked to phenylethanoate / methyl 
benzoate
M2 = the rest correct 

  [2]

(b)(iI) heat with H3O
+ (to hydrolyse the ester)

then add Br2(aq) / bromine water
decolourises/gives white ppt. (with phenol from B) 

[3] 
[Total: 8]

enzyme

active site

substrate

(products)

labelled diagrams

6(a)

6(b)(i)

6(b)(ii)
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(a) essential mark
M1 the reactants / substrate has a shape complementary / 
specific to active site – can be awarded from a labelled
diagram as below or diagrams showing this specificity clearly
any two of
M2: reactants / substrate binds to / fits into the active site of 

the enzyme
M3: (Interaction with site) causes a specific bond to be 

weakened, (which breaks)
or lowers activation energy

M4: forms an E-S complex
M5: products released from enzyme / active site    

          [3]

(b)(i) δ 26 is CH3-CO δ 52 is CH3-O
δ 169 is CH3CO δ 167 is phenyl-CO

Phenyl ethanoate is B methyl benzoate is A
M1 = any two correct δ linked to phenylethanoate / methyl 
benzoate
M2 = the rest correct 

  [2]

(b)(iI) heat with H3O
+ (to hydrolyse the ester)

then add Br2(aq) / bromine water
decolourises/gives white ppt. (with phenol from B) 

[3] 
[Total: 8]

enzyme

active site

substrate

(products)

labelled diagrams

6(a)

6(b)(i)

6(b)(ii)
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(a) essential mark
M1 the reactants / substrate has a shape complementary / 
specific to active site – can be awarded from a labelled
diagram as below or diagrams showing this specificity clearly
any two of
M2: reactants / substrate binds to / fits into the active site of 

the enzyme
M3: (Interaction with site) causes a specific bond to be 

weakened, (which breaks)
or lowers activation energy

M4: forms an E-S complex
M5: products released from enzyme / active site    

          [3]

(b)(i) δ 26 is CH3-CO δ 52 is CH3-O
δ 169 is CH3CO δ 167 is phenyl-CO

Phenyl ethanoate is B methyl benzoate is A
M1 = any two correct δ linked to phenylethanoate / methyl 
benzoate
M2 = the rest correct 

  [2]

(b)(iI) heat with H3O
+ (to hydrolyse the ester)

then add Br2(aq) / bromine water
decolourises/gives white ppt. (with phenol from B) 

[3] 
[Total: 8]

enzyme

active site

substrate

(products)

labelled diagrams

6(a)

6(b)(i)

6(b)(ii)
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(a) essential mark
M1 the reactants / substrate has a shape complementary / 
specific to active site – can be awarded from a labelled
diagram as below or diagrams showing this specificity clearly
any two of
M2: reactants / substrate binds to / fits into the active site of 

the enzyme
M3: (Interaction with site) causes a specific bond to be 

weakened, (which breaks)
or lowers activation energy

M4: forms an E-S complex
M5: products released from enzyme / active site    

          [3]

(b)(i) δ 26 is CH3-CO δ 52 is CH3-O
δ 169 is CH3CO δ 167 is phenyl-CO

Phenyl ethanoate is B methyl benzoate is A
M1 = any two correct δ linked to phenylethanoate / methyl 
benzoate
M2 = the rest correct 

  [2]

(b)(iI) heat with H3O
+ (to hydrolyse the ester)

then add Br2(aq) / bromine water
decolourises/gives white ppt. (with phenol from B) 

[3] 
[Total: 8]

enzyme

active site

substrate

(products)

labelled diagrams

6(a)

6(b)(i)

6(b)(ii)
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(a)(i) labelled with
M1: DC power supply + and – / battery / cell / + and – sign (on cell / 
electrodes) with a complete circuit
M2: buffer solution / electrolyte labelled
M3: (amino acid) mixture / x on (filter) paper / gel / agarose           [3]

(a)(ii) direction of movement related to charge (of amino acids)
distance travelled depends on charge / Mr (of amino acids) [2]

(b)(i) Asp + Val:
pH 12 because Asp will be –CH2COO– (R-group) moves further (to 
positive electrode than Val)
or pH 12 Asp more negative so moves further (to positive electrode)
or pH 12 because Asp has a charge of 2– but Val has a charge of 1–
or best at pH 7 because Asp will be negatively charged (anionic) but 
Val neutral [1]

(b)(ii) Lys + Ser:
pH 2 because Lys will be (CH2)4NH3

+ (R-group) moves further (to 
negative electrode than Ser)
or pH 2 Lys more positive so moves further (to negative electrode)
or pH 2 because Lys has a charge of 2+ and Ser has a charge of 1+
or pH 7 because Lys is positively charged (cationic) but Ser neutral / 
zwitterionic           [1]

(b)(iii) Tyr + Phe:
pH 12 because Tyr will be C6H5CH2O

– (R-group) moves further / more / 
faster (to positive electrode than Phe)
or pH12 because Tyr has a charge of 2– but Phe has a charge of 1–

          [1]

d.c. power supply

glass slides

electrolyte

filter paper soaked in buffer solutionamino acid mixture placed here

7(a)(i)

7(a)(ii)

7(b)(i)

7(b)(ii)

7(b)(iii)

7(c)(i)

7(c)(i)
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7(a)(i)

7(a)(ii)

7(b)(i)

7(b)(ii)

7(b)(iii)

7(c)(i)

7(c)(i)
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Q7 Mark scheme

(c)(i)

M1: for –CONH– as shown above
M2: for rest of molecule and correct connectivity of the bonds        [3]

(c)(ii) from the IR spectrum
• E is O-H or N-H (allow NH2)
• F is C=O
• G is C-O [2]

[Total: 9]
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Your 
Mark Q7 Mark scheme

(a)(i) labelled with
M1: DC power supply + and – / battery / cell / + and – sign (on cell / 
electrodes) with a complete circuit
M2: buffer solution / electrolyte labelled
M3: (amino acid) mixture / x on (filter) paper / gel / agarose           [3]

(a)(ii) direction of movement related to charge (of amino acids)
distance travelled depends on charge / Mr (of amino acids) [2]

(b)(i) Asp + Val:
pH 12 because Asp will be –CH2COO– (R-group) moves further (to 
positive electrode than Val)
or pH 12 Asp more negative so moves further (to positive electrode)
or pH 12 because Asp has a charge of 2– but Val has a charge of 1–
or best at pH 7 because Asp will be negatively charged (anionic) but 
Val neutral [1]

(b)(ii) Lys + Ser:
pH 2 because Lys will be (CH2)4NH3

+ (R-group) moves further (to 
negative electrode than Ser)
or pH 2 Lys more positive so moves further (to negative electrode)
or pH 2 because Lys has a charge of 2+ and Ser has a charge of 1+
or pH 7 because Lys is positively charged (cationic) but Ser neutral / 
zwitterionic           [1]

(b)(iii) Tyr + Phe:
pH 12 because Tyr will be C6H5CH2O

– (R-group) moves further / more / 
faster (to positive electrode than Phe)
or pH12 because Tyr has a charge of 2– but Phe has a charge of 1–

          [1]

d.c. power supply

glass slides

electrolyte

filter paper soaked in buffer solutionamino acid mixture placed here

7(a)(i)

7(a)(ii)

7(b)(i)

7(b)(ii)

7(b)(iii)

7(c)(i)

7(c)(i)
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7(a)(ii)

7(b)(i)

7(b)(ii)

7(b)(iii)

7(c)(i)

7(c)(i)

Page 16 of 22Print Script

Q7 Mark scheme

(c)(i)

M1: for –CONH– as shown above
M2: for rest of molecule and correct connectivity of the bonds        [3]

(c)(ii) from the IR spectrum
• E is O-H or N-H (allow NH2)
• F is C=O
• G is C-O [2]

[Total: 9]
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Your 
Mark Q7 Mark scheme

(a)(i) labelled with
M1: DC power supply + and – / battery / cell / + and – sign (on cell / 
electrodes) with a complete circuit
M2: buffer solution / electrolyte labelled
M3: (amino acid) mixture / x on (filter) paper / gel / agarose           [3]

(a)(ii) direction of movement related to charge (of amino acids)
distance travelled depends on charge / Mr (of amino acids) [2]

(b)(i) Asp + Val:
pH 12 because Asp will be –CH2COO– (R-group) moves further (to 
positive electrode than Val)
or pH 12 Asp more negative so moves further (to positive electrode)
or pH 12 because Asp has a charge of 2– but Val has a charge of 1–
or best at pH 7 because Asp will be negatively charged (anionic) but 
Val neutral [1]

(b)(ii) Lys + Ser:
pH 2 because Lys will be (CH2)4NH3

+ (R-group) moves further (to 
negative electrode than Ser)
or pH 2 Lys more positive so moves further (to negative electrode)
or pH 2 because Lys has a charge of 2+ and Ser has a charge of 1+
or pH 7 because Lys is positively charged (cationic) but Ser neutral / 
zwitterionic           [1]

(b)(iii) Tyr + Phe:
pH 12 because Tyr will be C6H5CH2O

– (R-group) moves further / more / 
faster (to positive electrode than Phe)
or pH12 because Tyr has a charge of 2– but Phe has a charge of 1–

          [1]

d.c. power supply

glass slides

electrolyte

filter paper soaked in buffer solutionamino acid mixture placed here

7(a)(i)

7(a)(ii)

7(b)(i)

7(b)(ii)

7(b)(iii)

7(c)(i)

7(c)(i)
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Q7 Mark scheme

(c)(i)

M1: for –CONH– as shown above
M2: for rest of molecule and correct connectivity of the bonds        [3]

(c)(ii) from the IR spectrum
• E is O-H or N-H (allow NH2)
• F is C=O
• G is C-O [2]

[Total: 9]
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(a)

[2]

(b)

  [2]

(c) step 1: (CH3)2CHCH2Cl + Al Cl 3 (+ heat)

step 2: CH3COCl + Al Cl 3 (+ heat)

step 3: HCN + NaCN or HCN + base or HCN + CN–

(steps 4 and 5 could be reversed on J)
If J1 step 4 then step 5 J2 step 5 then step 4
step 4: H3O

+ + heat / aqueous HCl + heat

step 5: conc H2SO4 + heat / conc H3PO4 + heat

or Al 2O3 + heat

step 6: H2 + Ni (+ heat) 
          [6]

(d) step 1: electrophilic substitution or alkylation

step 6: reduction / hydrogenation / addition 

[2] 

[Total: 11]

9(a)

9(b)

9(c)

9(d)
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(a)

[2]

(b)

  [2]

(c) step 1: (CH3)2CHCH2Cl + Al Cl 3 (+ heat)

step 2: CH3COCl + Al Cl 3 (+ heat)

step 3: HCN + NaCN or HCN + base or HCN + CN–

(steps 4 and 5 could be reversed on J)
If J1 step 4 then step 5 J2 step 5 then step 4
step 4: H3O

+ + heat / aqueous HCl + heat

step 5: conc H2SO4 + heat / conc H3PO4 + heat

or Al 2O3 + heat

step 6: H2 + Ni (+ heat) 
          [6]

(d) step 1: electrophilic substitution or alkylation

step 6: reduction / hydrogenation / addition 

[2] 

[Total: 11]

9(a)

9(b)

9(c)

9(d)
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(a)

[2]

(b)

  [2]

(c) step 1: (CH3)2CHCH2Cl + Al Cl 3 (+ heat)

step 2: CH3COCl + Al Cl 3 (+ heat)

step 3: HCN + NaCN or HCN + base or HCN + CN–

(steps 4 and 5 could be reversed on J)
If J1 step 4 then step 5 J2 step 5 then step 4
step 4: H3O

+ + heat / aqueous HCl + heat

step 5: conc H2SO4 + heat / conc H3PO4 + heat

or Al 2O3 + heat

step 6: H2 + Ni (+ heat) 
          [6]

(d) step 1: electrophilic substitution or alkylation

step 6: reduction / hydrogenation / addition 

[2] 

[Total: 11]

9(a)

9(b)

9(c)

9(d)
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1(c)(vi)

1(d)

1(f)

1(e)

1(g)

1(c)(v)

Q1 Mark scheme
Expected answer

(a) (As the Eo cell value increases) ΔHr decreases or ΔHr becomes more 
negative or ΔHr becomes more exothermic.
AND
The more reactive the metal then the greater the energy release will be.
OR
Energy output of both reactions is dependent upon the difference in 
reactivity (of metals).             [1]

(b) Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR
enthalpy change            [1]

(c)(i) Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid.            [1]

(c)(ii) Mass of metal before and after
Initial temperature (before metal added)
AND
Highest temperature (after metal added)            [1]

(c)(iii) Wear gloves            [1]

(c)(iv) Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 × 24.3 =) 0.6075 g
AND
mass required value is greater than 0.6075 g             [1]

(c)(v) Larger surface area
AND
causes increased rate of reaction            [1]

(c)(vi) Ensure uniformity of heating (of solution)            [1]

(d) 50.0 × 4.18 × 58.5 = 12 226.5 (J)
ΔHr = 12 226.5 / 0.025 = 489 000 = – 489
1000            [1]

(e) Complete circuit involving
labelled voltmeter;
labelled salt bridge;
two separate solutions;
(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg 
rod
and
copper(II) sulfate CuSO4 with copper or Cu rod
Concentration of solution(s) is 1 mol dm–3 or 1 M             [1]

(f) So that values can be compared            [1]

(g) Both ΔHr (Zn) and ΔHr (Fe) values which are consistent with the 
prediction in (a).            [1]
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1(c)(vi)

1(d)

1(f)

1(e)

1(g)

1(c)(v)

Q1 Mark scheme
Expected answer

(a) (As the Eo cell value increases) ΔHr decreases or ΔHr becomes more 
negative or ΔHr becomes more exothermic.
AND
The more reactive the metal then the greater the energy release will be.
OR
Energy output of both reactions is dependent upon the difference in 
reactivity (of metals).             [1]

(b) Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR
enthalpy change            [1]

(c)(i) Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid.            [1]

(c)(ii) Mass of metal before and after
Initial temperature (before metal added)
AND
Highest temperature (after metal added)            [1]

(c)(iii) Wear gloves            [1]

(c)(iv) Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 × 24.3 =) 0.6075 g
AND
mass required value is greater than 0.6075 g             [1]

(c)(v) Larger surface area
AND
causes increased rate of reaction            [1]

(c)(vi) Ensure uniformity of heating (of solution)            [1]

(d) 50.0 × 4.18 × 58.5 = 12 226.5 (J)
ΔHr = 12 226.5 / 0.025 = 489 000 = – 489
1000            [1]

(e) Complete circuit involving
labelled voltmeter;
labelled salt bridge;
two separate solutions;
(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg 
rod
and
copper(II) sulfate CuSO4 with copper or Cu rod
Concentration of solution(s) is 1 mol dm–3 or 1 M             [1]

(f) So that values can be compared            [1]

(g) Both ΔHr (Zn) and ΔHr (Fe) values which are consistent with the 
prediction in (a).            [1]
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1(c)(vi)

1(d)

1(f)

1(e)

1(g)

1(c)(v)

Q1 Mark scheme
Expected answer

(a) (As the Eo cell value increases) ΔHr decreases or ΔHr becomes more 
negative or ΔHr becomes more exothermic.
AND
The more reactive the metal then the greater the energy release will be.
OR
Energy output of both reactions is dependent upon the difference in 
reactivity (of metals).             [1]

(b) Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR
enthalpy change            [1]

(c)(i) Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid.            [1]

(c)(ii) Mass of metal before and after
Initial temperature (before metal added)
AND
Highest temperature (after metal added)            [1]

(c)(iii) Wear gloves            [1]

(c)(iv) Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 × 24.3 =) 0.6075 g
AND
mass required value is greater than 0.6075 g             [1]

(c)(v) Larger surface area
AND
causes increased rate of reaction            [1]

(c)(vi) Ensure uniformity of heating (of solution)            [1]

(d) 50.0 × 4.18 × 58.5 = 12 226.5 (J)
ΔHr = 12 226.5 / 0.025 = 489 000 = – 489
1000            [1]

(e) Complete circuit involving
labelled voltmeter;
labelled salt bridge;
two separate solutions;
(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg 
rod
and
copper(II) sulfate CuSO4 with copper or Cu rod
Concentration of solution(s) is 1 mol dm–3 or 1 M             [1]

(f) So that values can be compared            [1]

(g) Both ΔHr (Zn) and ΔHr (Fe) values which are consistent with the 
prediction in (a).            [1]
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1(c)(vi)

1(d)

1(f)

1(e)

1(g)

1(c)(v)

Q1 Mark scheme
Expected answer

(a) (As the Eo cell value increases) ΔHr decreases or ΔHr becomes more 
negative or ΔHr becomes more exothermic.
AND
The more reactive the metal then the greater the energy release will be.
OR
Energy output of both reactions is dependent upon the difference in 
reactivity (of metals).             [1]

(b) Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR
enthalpy change            [1]

(c)(i) Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid.            [1]

(c)(ii) Mass of metal before and after
Initial temperature (before metal added)
AND
Highest temperature (after metal added)            [1]

(c)(iii) Wear gloves            [1]

(c)(iv) Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 × 24.3 =) 0.6075 g
AND
mass required value is greater than 0.6075 g             [1]

(c)(v) Larger surface area
AND
causes increased rate of reaction            [1]

(c)(vi) Ensure uniformity of heating (of solution)            [1]

(d) 50.0 × 4.18 × 58.5 = 12 226.5 (J)
ΔHr = 12 226.5 / 0.025 = 489 000 = – 489
1000            [1]

(e) Complete circuit involving
labelled voltmeter;
labelled salt bridge;
two separate solutions;
(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg 
rod
and
copper(II) sulfate CuSO4 with copper or Cu rod
Concentration of solution(s) is 1 mol dm–3 or 1 M             [1]

(f) So that values can be compared            [1]

(g) Both ΔHr (Zn) and ΔHr (Fe) values which are consistent with the 
prediction in (a).            [1]
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1(c)(vi)

1(d)

1(f)

1(e)

1(g)

1(c)(v)

Q1 Mark scheme
Expected answer

(a) (As the Eo cell value increases) ΔHr decreases or ΔHr becomes more 
negative or ΔHr becomes more exothermic.
AND
The more reactive the metal then the greater the energy release will be.
OR
Energy output of both reactions is dependent upon the difference in 
reactivity (of metals).             [1]

(b) Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR
enthalpy change            [1]

(c)(i) Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid.            [1]

(c)(ii) Mass of metal before and after
Initial temperature (before metal added)
AND
Highest temperature (after metal added)            [1]

(c)(iii) Wear gloves            [1]

(c)(iv) Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 × 24.3 =) 0.6075 g
AND
mass required value is greater than 0.6075 g             [1]

(c)(v) Larger surface area
AND
causes increased rate of reaction            [1]

(c)(vi) Ensure uniformity of heating (of solution)            [1]

(d) 50.0 × 4.18 × 58.5 = 12 226.5 (J)
ΔHr = 12 226.5 / 0.025 = 489 000 = – 489
1000            [1]

(e) Complete circuit involving
labelled voltmeter;
labelled salt bridge;
two separate solutions;
(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg 
rod
and
copper(II) sulfate CuSO4 with copper or Cu rod
Concentration of solution(s) is 1 mol dm–3 or 1 M             [1]

(f) So that values can be compared            [1]

(g) Both ΔHr (Zn) and ΔHr (Fe) values which are consistent with the 
prediction in (a).            [1]
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1(e)
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Q1 Mark scheme
Expected answer

(a) (As the Eo cell value increases) ΔHr decreases or ΔHr becomes more 
negative or ΔHr becomes more exothermic.
AND
The more reactive the metal then the greater the energy release will be.
OR
Energy output of both reactions is dependent upon the difference in 
reactivity (of metals).             [1]

(b) Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR
enthalpy change            [1]

(c)(i) Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid.            [1]

(c)(ii) Mass of metal before and after
Initial temperature (before metal added)
AND
Highest temperature (after metal added)            [1]

(c)(iii) Wear gloves            [1]

(c)(iv) Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 × 24.3 =) 0.6075 g
AND
mass required value is greater than 0.6075 g             [1]

(c)(v) Larger surface area
AND
causes increased rate of reaction            [1]

(c)(vi) Ensure uniformity of heating (of solution)            [1]

(d) 50.0 × 4.18 × 58.5 = 12 226.5 (J)
ΔHr = 12 226.5 / 0.025 = 489 000 = – 489
1000            [1]

(e) Complete circuit involving
labelled voltmeter;
labelled salt bridge;
two separate solutions;
(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg 
rod
and
copper(II) sulfate CuSO4 with copper or Cu rod
Concentration of solution(s) is 1 mol dm–3 or 1 M             [1]

(f) So that values can be compared            [1]

(g) Both ΔHr (Zn) and ΔHr (Fe) values which are consistent with the 
prediction in (a).            [1]
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(c)(v) Larger surface area
AND
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(a)

All mass values.            [1]

All volume values.            [1]

(b) Candidate’s points plotted correctly from table in 2(a).            [1]

Line of best fit drawn.            [1]

(c)(i) Y evaporates from the (hypodermic) syringe
OR
Y evaporates before injection
OR
Y evaporates before weighing / after injection            [1]

(c)(ii) (Stop evaporation by)
Keeping the syringe as cool as possible
OR
Closing off the needle end to stop evaporation
OR
Minimising length of time between each weighing            [1]

(d)(i) correct co-ordinates.             [1
correct calculation of the gradient
must be three significant figures            [1]

(d)(ii) Calculation of Mr = 3.07×104 / gradient in 2(d)(i)
Answer             [1]

(e) Mr (from mass spectrum) = 84
OR
empirical formula = CH2
OR
ratio of C and H seen as 1:2
Y is C6H12  [1]

 Total: [12]

Mass of liquid Y used / g Volume of vapour Y / cm3

0.15 48

0.10 35

0.21 72

0.17 58

0.24 83

0.09 31

0.20 70

0.23 79

0.12 41

0.22 73
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