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M
A

R
K

IN
G

 IN
STR

U
C

TIO
N

S  
 PR

EPA
R

A
TIO

N
 FO

R
 M

A
R

K
IN

G
  

R
M

 ASSESSO
R

 

1. 
M

ake sure that you have accessed and com
pleted the relevant training packages for on-screen m

arking: R
M

 A
ssessor O

nline Training; O
C

R
 

E
ssential G

uide to M
arking.  

 2. 
M

ake sure that you have read and understood the m
ark schem

e and the question paper for this unit.  

 3. 
Log-in to R

M
 Assessor and m

ark the required num
ber of practice responses (“scripts”) and the required num

ber of standardisation 
responses. 

 M
A

R
K

IN
G

 
 1. 

M
ark strictly to the m

ark schem
e. 

 2. 
M

arks aw
arded m

ust relate directly to the m
arking criteria.  

 3. 
The schedule of dates is very im

portant. It is essential that you m
eet the R

M
 Assessor 50%

 and 100%
 (traditional 50%

 Batch 1 and 100%
 

Batch 2) deadlines. If you experience problem
s, you m

ust contact your Team
 Leader (Supervisor) w

ithout delay. 

 4. 
If you are in any doubt about applying the m

ark schem
e, consult your Team

 Leader by telephone, em
ail or via the R

M
 Assessor m

essaging 
system

.  
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5. 
W

ork crossed out: 

a. 
w

here a candidate crosses out an answ
er and provides an alternative response, the crossed out response is not m

arked and gains no 
m

arks 

b. 
if a candidate crosses out an answ

er to a w
hole question and m

akes no second attem
pt, and if the inclusion of the answ

er does not 
cause a rubric infringem

ent, the assessor should attem
pt to m

ark the crossed out answ
er and aw

ard m
arks appropriately. 

 6. 
Alw

ays check the pages (and additional objects if present) at the end of the response in case any answ
ers have been continued there. If the 

candidate has continued an answ
er there then add a tick to confirm

 that the w
ork has been seen. 

 7. 
There is a N

R
 (N

o R
esponse) option. Aw

ard N
R

 (N
o R

esponse) 

- 
if there is nothing w

ritten at all in the answ
er space  

- 
O

R
 if there is a com

m
ent w

hich does not in any w
ay relate to the question (e.g. ‘can’t do’, ‘don’t know

’)  

- 
O

R
 if there is a m

ark (e.g. a dash, a question m
ark) w

hich isn’t an attem
pt at the question.  

N
ote: Aw

ard 0 m
arks – for an attem

pt that earns no credit (including copying out the question). 
 8. 

The R
M

 Assessor com
m

ents box is used by your Team
 Leader to explain the m

arking of the practice responses. Please refer to these 
com

m
ents w

hen checking your practice responses. D
o not use the com

m
ents box for any other reason.  

If you have any questions or com
m

ents for your Team
 Leader, use the phone, the R

M
 Assessor m

essaging system
, or em

ail. 
 

9. 
Assistant Exam

iners w
ill send a brief report on the perform

ance of candidates to their Team
 Leader (Supervisor) via em

ail by the end of the 
m

arking period. The report should contain notes on particular strengths displayed as w
ell as com

m
on errors or w

eaknesses. C
onstructive 

criticism
 of the question paper/m

ark schem
e is also appreciated.
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10. 
For answ

ers m
arked by levels of response: 

 R
ead through the w

hole answ
er from

 start to finish, concentrating on features that m
ake it a stronger or w

eaker answ
er using the indicative 

scientific content as guidance. The indicative scientific content indicates the expected param
eters for candidates’ answ

ers, but be prepared to 
recognise and credit unexpected approaches w

here they show
 relevance. 

 U
sing a ‘best-fit’ approach based on the science content of the answ

er, first decide w
hich set of level descriptors, Level 1, Level 2 or Level 3, 

best describes the overall quality of the answ
er using the guidelines described in the level descriptors in the m

ark schem
e. 

 O
nce the level is located, aw

ard the higher or low
er m

ark. 
 The higher m

ark should be aw
arded w

here the level descriptor has been evidenced and all aspects of the com
m

unication statem
ent (in 

italics) have been m
et. 

 The low
er m

ark should be aw
arded w

here the level descriptor has been evidenced but aspects of the com
m

unication statem
ent (in italics) 

are m
issing. 

 In sum
m

ary: 

• 
The science content determ

ines the level. 
• 

The com
m

unication statem
ent determ

ines the m
ark w

ithin a level. 
 Level of response questions on this paper are 17(a) and 20(a). 
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11. 
A

nnotations  

 

A
nnotation 

M
eaning 

D
O

 N
O

T A
LLO

W
 

Answ
ers w

hich are not w
orthy of credit 

IG
N

O
R

E 
Statem

ents w
hich are irrelevant 

A
LLO

W
 

Answ
ers that can be accepted 

( ) 
W

ords w
hich are not essential to gain credit 

__ 
U

nderlined w
ords m

ust be present in answ
er to score a m

ark 

EC
F 

Error carried forw
ard 

A
W

 
Alternative w

ording 

O
R

A
 

O
r reverse argum

ent 
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12. 
Subject-specific M

arking Instructions  

 
IN

TR
O

D
U

C
TIO

N
  

 Your first task as an Exam
iner is to becom

e thoroughly fam
iliar w

ith the m
aterial on w

hich the exam
ination depends. This m

aterial includes:  
 • 

the specification, especially the assessm
ent objectives 

• 
the question paper  

• 
the m

ark schem
e. 

 
You should ensure that you have copies of these m

aterials.  
 You should ensure also that you are fam

iliar w
ith the adm

inistrative procedures related to the m
arking process. These are set out in the O

C
R

 
booklet Instructions for Exam

iners. If you are exam
ining for the first tim

e, please read carefully A
ppendix 5 Introduction to Script M

arking: 
N

otes for N
ew

 Exam
iners.  

 Please ask for help or guidance w
henever you need it. Your first point of contact is your Team

 Leader.  
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SEC
TIO

N
 A

 
 

Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
1 

C
 

1 
 

2 
D

 
1 

 
3 

C
 

1 
 

4 
C

 
1 

 
5 

C
 

1 
 

6 
B

 
1 

 
7 

C
 

1 
 

8 
B

 
1 

 
9 

B
 

1 
 

10 
D

 
1 

 
11 

A
 

1 
 

12 
B

 
1 

 
13 

D
 

1 
 

14 
B

 
1 

 
15 

C
 

1 
 

 
Total 

15 
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SEC
TIO

N
 B

 
 Q

uestion 
A

nsw
er 

M
arks 

G
uidance 

16 
(a) 

(i) 
 

Isotope 
Protons 

N
eutrons 

Electrons 
 

48Ti  
…

22... 
…

26…
. 

…
22…

. 
9

 
…

46Ti 3+.. 
…

22…
. 

24 
19 

9
 

  

2 
 M

ark by row
 

 
(b) 

(i) 
FIR

ST C
H

EC
K

 TH
E A

N
SW

ER
 O

N
 A

N
SW

ER
 LIN

E 
If answ

er = 79.915 aw
ard 2 m

arks 
-------------------------------------------------------------------- 
 (78.9183361 × 50.69) + (80.9162896 × 49.31) 
                                        100 
 O

R
 79.90352697 9

   
 = 79.904 (to 3 D

P)  9
   

 

2 
       A

LLO
W

 value > 3 D
P for 1st m

ark 

 
 

(ii) 
1s

22s
22p

63s
23p

63d
104s

24p
5 9

 
1 

A
LLO

W
 4s before 3d,  

i.e. 1s
22s

22p
63s

23p
64s

23d
104p

5 
A

LLO
W

 upper case D
, etc and subscripts, e.g. 

…
...4S

2 3D
10  

D
O

 N
O

T A
LLO

W
 [Ar] as shorthand for 

1s
22s

22p
63s

23p
6 

 Look carefully at 1s
22s

22p
63s

23p
6 – there m

ay be a 
m

istake  
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
 

(c) 
(i) 

 

 
 Increase from

 5–7 (B
→

N
) AN

D
 5 below

 4 but above 3 9
 

 8(O
) below

 7 and 9 A
N

D
 above 6 9

 

2 
             A

LLO
W

 if points correct but straight lines not draw
n 

 
 

(ii) 
Trend described dow

n group 
   A

tom
ic radius 
larger atom

ic radius 
O

R
 

m
ore shells     3

 
   E

ffect of nuclear charge/shielding 
Increased nuclear charge is outw

eighed by 
increased distance/shielding 
O

R
 

m
ore/increased shielding 3

  
 R

eactivity A
N

D
 N

uclear attraction 

3 
FU

LL A
N

N
O

TA
TIO

N
S M

U
ST B

E U
SED

 
----------------------------------------------------------- 
A

LLO
W

 O
R

A
 but com

parison should be used for 
each m

ark. 
 A

LLO
W

 ‘m
ore/higher energy levels’  

A
LLO

W
 ‘electrons further from

 nucleus’  
A

LLO
W

 ‘different shell’ O
R

 ‘new
 shell’  

 IG
N

O
R

E m
ore orbitals O

R
 m

ore sub-shells  
    A

LLO
W

 m
ore electron repulsion from

 inner shells  
IG

N
O

R
E responses w

ith no com
parison 

 e.g. ‘is shielding’  
M

ark requires statem
ent that reactivity 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
R

eactivity increases 
A

N
D

 
less nuclear attraction 
O

R
 

less attraction on electrons 3
   

 

increases AN
D

 reason 
 IG

N
O

R
E nuclear charge/effective nuclear charge  

 A
LLO

W
 ‘less nuclear pull’  

O
R

 ‘electrons held less tightly’  
 

 
 

 
Total 

10 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
17 

(a)* 
 

P
lease refer to the m

arking instructions on page 4 of this 
m

ark schem
e for guidance on how

 to m
ark this question. 

Level 3 (5–6 m
arks)  

All three scientific points are covered in detail and 
explained thoroughly. 
 There is a w

ell-developed explanation w
hich is clear and 

logically structured, w
ith correct labels for the distribution, 

E
a  in distribution linked to areas and benefits clearly 

linked to energy dem
and and the environm

ent. 
 Level 2 (3–4 m

arks)  
All three scientific points are covered but explanations 
m

ay be incom
plete. 

O
R

 
Tw

o of the scientific points are described thoroughly w
ith 

no om
issions.  

 The explanation has a line of reasoning presented w
ith 

som
e structure, and linked to the distribution; attem

pts to 
link benefits for energy dem

and or the environm
ent.  

 Level 1 (1–2 m
arks)  

There is a description based on at least tw
o of the m

ain 
scientific points 
O

R
  

O
ne scientific point explained thoroughly w

ith few
 

om
issions. 

 E
xplanation is com

m
unicated in an unstructured w

ay w
ith 

som
e links to the B

oltzm
ann distribution or energy 

dem
and/the environm

ent. 
 0 m

arks 
N

o response w
orthy of credit.  

6 
Indicative scientific points m

ay include: 
B

O
LTZM

A
N

N
 D

ISTR
IB

U
TIO

N
 

 
C

urve 
• 

C
urve starts at origin (A

LLO
W

 som
e leew

ay) 
• 

C
urve does not touch the x axis at high energy 

A
xes labels 

• 
y axis: N

um
ber of m

olecules/particles 
• 

x axis: Energy (IG
N

O
R

E enthalpy)  
 A

C
TIVA

TIO
N

 EN
ER

G
Y 

C
atalyst on distribution  

• 
Tw

o activation energies labelled  
• 

Activation energy w
ith catalyst at low

er energy 
Explanation 
• 

M
ore m

olecules have m
ore energy than E

a  
• 

G
reater area under curve above E

a  
 C

A
TA

LYST  
Low

er energy dem
and 

• 
R

eactions take place at low
er tem

peratures  
Environm

ent  
• 

R
educed C

O
2  em

issions/burning fossil fuel 
• 

D
ifferent reactions possible w

ith better atom
 

econom
y/less w

aste/less hazardous chem
icals 

(IG
N

O
R

E ‘less global w
arm

ing’) 
 

(b) 
 

FIR
ST C

H
EC

K
 TH

E A
N

SW
ER

 O
N

 TH
E A

N
SW

ER
 LIN

E 
7 

Final answ
er m

ust be correct and have the correct 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
IF answ

er = 5184/5180 atm
2 aw

ard 7 m
arks 

IF answ
er = 5184/5180 w

ith incorrect units aw
ard 6 m

arks 
 Equilibrium

 am
ounts in m

ol 
 

2 M
AR

K
S 

3 correct 9
9

 
2 correct 9

 
n(H

2 O
) = 0.600 m

ol 
n(H

2 ) = 2.40 m
ol 

n(C
O

) = 0.800 m
ol 

Partial pressures 
Total m

oles = 4.(00) (m
ol) 9

 

p(C
H

4 ) = 0.200
4.00

  × 30.0 = 1.50 atm
 A

N
D

 

p(H
2 O

) = 0.600
4.00

  × 30.0 = 4.50 atm
 A

N
D

  

p(H
2 ) = 2.40

4.00   × 30.0 = 18.0 atm
 AN

D
 

p(C
O

) = 0.800
4.00

  × 30.0 = 6.00 atm
 9

 

K
p  calculation 

K
p     = 

p(H
2 ) 3 × p(C

O
)

 p(C
H

4 ) × p(H
2 O

)   O
R

  18.0
3 × 6.00

1.50 × 4.50
  9

 

 K
p  = 5184 O

R
 5180 atm

2 9
 

   
 

units = atm
2   9

 
 

units to score all seven m
arks 

  If there is an alternative answ
er, check to see if 

there is any EC
F credit possible using w

orking 
below

 
       A

LLO
W

 EC
F from

 equilibrium
 am

ounts O
R

/AN
D

 
incorrect total num

ber of m
oles 

      C
orrect values substituted into correct expression 

for K
p  gains first four m

arks. 
 A

LLO
W

 EC
F w

ith answ
er 3 or m

ore SF up to 
calculator value, correctly rounded 
 

 
 

 
Total 

13 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
18 

(a) 
(i) 

(enthalpy change for) the form
ation of 1 m

ole H
2 O

 
from

 reaction of an acid/H
+ w

ith an alkali/base/O
H

– 9
 

       H
+(aq) + O

H
–(aq) →

 H
2 O

(l) 9
 

2 
A

LLO
W

 (enthalpy change for) the reaction of 1 m
ol H

+ 
w

ith 1 m
ol of O

H
– 

A
LLO

W
  form

ation of 1 m
ol of w

ater from
 neutralisation 

If no definition in w
ords, aw

ard 1st m
ark if 1 m

ol is 
w

ritten under species in the equation, in line w
ith 

m
arking criteria  

 D
O

 N
O

T A
LLO

W
 form

ation of 1 m
ol H

2 O
 from

 1 m
ole of 

acid and/or 1 m
ol of alkali  

 D
O

 N
O

T A
LLO

W
 form

ation of 1 m
ol H

2 O
 from

 an acid 
and its conjugate base  
 

 
 

(ii) 
2N

aO
H

 + H
2 SO

4  →
 N

a
2 SO

4  + 2H
2 O

 9
 

1 
IG

N
O

R
E state sym

bols (even if w
rong) 

not required 
 

 
 

(iii) 
FIR

ST, C
H

EC
K

 TH
E A

N
SW

ER
 O

N
 A

N
SW

ER
 LIN

E 
IF answ

er = –56.43 O
R

 –56.4 (kJ m
ol –1) aw

ard 3 
m

arks 
--------------------------------------------------------------------– 
Energy change 
energy change = 75.0 × 4.18 × 13.5  
= 4232.25 (J) O

R
 4.23225 (kJ) 9

 
 M

oles 

      n(N
aO

H
) 

= 1.5(0) × 50.0
1000    = 0.075(0) (m

ol)   

O
R

 n(H
2 SO

4 )  
= 1.5(0) × 25.0

1000    = 0.0375(0) (m
ol)  

O
R

 n(H
2 O

) form
ed  

 
        = 0.075(0) (m

ol) 9
 

  ∆H
neut  = – 4.23225

0.075
  =  –56.43 O

R
 –56.4 (kJ m

ol –1) 9
 

 
 

             – sign required 
 

3 
FU

LL A
N

N
O

TA
TIO

N
S M

U
ST B

E U
SED

 
--------------------------------------------------------------------------- 
IF there is an alternative answ

er, check to see if there is 
any EC

F credit possible using w
orking below

 
------------------------------------------------------------- 
IG

N
O

R
E any sign show

n 
A

LLO
W

 4230 (J) A
N

D
 4.23 (kJ) up to calculator value 

correctly rounded  
      A

LLO
W

 EC
F from

 calculated energy change
calculated m

oles H
2 O

   

 A
LLO

W
 3 significant figures up to calculator value 

correctly rounded 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
 

(b) 
(i) 

2H
2 S(g) + O

2 (g) →
 2S(s) + 2H

2 O
(g) 9

 
1 

A
LLO

W
 m

ultiples, 
e.g. 6H

2 S(g) + 3O
2 (g) →

 6S(s) + 6H
2 O

(g) 
 

 
(ii) 

FIR
ST, C

H
EC

K
 TH

E A
N

SW
ER

 O
N

 A
N

SW
ER

 LIN
E 

IF answ
er = 3.05 × 10

7 (g) aw
ard 3 m

arks 
--------------------------------------------------------------------– 
 volum

e of H
2 S  

= 1.50 × 10
8 × 16/100 = 2.4 × 10

7 dm
3 of H

2 S 9
 

 n(H
2 S) (= n(S))  

= 2.4 × 10
7/24.0 m

ol = 1 × 10
6 m

ol  9
 

 M
ass S = 1 × 10

6 × 95/100 × 32.1 = 3.05 × 10
7 (g)  9

  
 

3 
        A

LLO
W

 EC
F from

 incorrect volum
e of H

2 S  
 3 SF AN

D
 standard form

 required 

 
(c) 

(i) 
FIR

ST, C
H

EC
K

 FO
R

 A VALU
E O

F ∆G
.  

IF answ
er = – 89.96(34) (kJ m

ol –1) 
aw

ard 3 m
arks 

-------------------------------------------------------------------- 
∆S calculation (2 m

arks) 
∆S

 = (3 × 31.8) + (2 × 188.7) – [(2 × 205.7) + (248.1)] 
O

R
 

∆S = 472.8 – 659.5 9
 

 ∆S = –186.7 J m
ol –1 K

–1 O
R

 −0.1867 kJ m
ol –1 K

–1 9
 

 ∆G
 calculation (1 m

ark) 
∆G

 = ∆H
 – T∆S = –145.6 – (298 × –0.1867)  

 = – 89.96(34) (kJ m
ol –1) 9

 
 C

om
m

ent (1 m
ark) 

– sign show
s the (forw

ard) reaction is feasible 9
 

 Tem
perature at w

hich feasibility changes (1 m
ark) 

5 
         A

LLO
W

 (–) 187 O
R

 0.187 
  A

LLO
W

 EC
F from

 incorrect ∆H
 

 A
LLO

W
 –90 up to calculator value of –89.9634 correctly 

rounded  
O

R
A

 for com
m

ent about – sign required for feasibility 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 

T =  ∆H
 ∆S   = 

 
–145.6
–0.1867

 =  780 K 

A
N

D
 com

m
ent that ∆G

 O
R

 ∆H
 – T∆S = 0 9

 
 

 
 

(ii) 
FIR

ST, C
H

EC
K

 TH
E A

N
SW

ER
 O

N
 A

N
SW

ER
 LIN

E 
IF answ

er = –296.8 (kJ m
ol –1) aw

ard 2 m
arks 

--------------------------------------------------------------------– 
 C

orrect expression 
–145.6 = (2 × –241.8)  – (2 × –20.6 + ∆

f H
(SO

2 )) 9
 

 C
alculation of ∆

f H
(SO

2 ) form
ation  

∆
f H

(SO
2 ) = (2 × –241.8)  – (2 × –20.6) + 145.6  

= –296.8 (kJ m
ol –1) 9

 
 

2 
   A

LLO
W

 EC
F 

 A
LLO

W
 1 m

ark for (+)296.8  
S

ubtraction the w
rong w

ay around 

 
 

 
Total 

17 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
19 

(a) 
(i) 

 (K
a  =)  [H

+]  [C
6 H

7 O
6 –]

[C
6 H

8 O
6 ]

  9
 

 A
LL species M

U
ST have square brackets 

State sym
bols not required 

TA
K

E C
A

R
E that ‘H

’ is different on top and bottom
 of 

expression 
 

1 
A

LLO
W

 [H
3 O

+] for [H
+] 

 IG
N

O
R

E state sym
bols, even if w

rong 
 IG

N
O

R
E  

[H
+]  2

[C
6 H

8 O
6 ]   O

R
  

  
[H

+]  2[ A
–]

[H
A]

 

 
 

(ii) 
pK

a  = –log K
a  = –log (6.76 × 10

–5) = 4.17 9
 

 
1 

Answ
er required to tw

o D
P

 
 

 
(iii) 

FIR
ST, C

H
EC

K
 TH

E A
N

SW
ER

 O
N

 A
N

SW
ER

 LIN
E 

IF answ
er = 2.82 aw

ard 4 m
arks 

--------------------------------------------------------------------– 
 n(vitam

in C
) = 3 × 0.500

 176
   

 
 

= 8.52(2) × 10
–3 (m

ol) 9
 

 [vitam
in C

] = 8.52 × 10
–3 × 1000

250
    

 
 

= 0.0341 (m
ol dm

–3) 9
 

 [H
+]   =   

√(K
a  × [C

6 H
8 O

6 ])  O
R

  
 

 
√(6.76 x 10

–5 × 0.0341) O
R

 
 

 
1.52 × 10

–3 m
ol dm

–3 9
  

 pH
  

 
= –log(1.52 x 10

–3) = 2.82 9
 

                   Answ
er required to tw

o D
P 

 

4 
      A

LLO
W

 EC
F from

 incorrect n(vitam
in C

) 
   A

LLO
W

 EC
F from

 incorrect [vitam
in C

] 
m

ust be derived from
 √(K

a  × [C
6 H

8 O
6 ]) 

 A
LLO

W
 EC

F from
 incorrect [H

+]  
but O

N
LY if derived from

 √(K
a  × [C

6 H
8 O

6 ]) 
 

   

(b) 
(i)    

FIR
ST, C

H
EC

K
 TH

E A
N

SW
ER

 O
N

 A
N

SW
ER

 LIN
E 

IF ratio = 0.708 aw
ard 3 m

arks  
-------------------------------------------------------------------- 
  

3   

IF there is an alternative answ
er, check to see if there is 

any EC
F credit possible using w

orking below
 

----------------------------------------------------------- 
A

N
N

O
TA

TIO
N

S M
U

ST B
E U

SED
 

A
LLO

W
 A

LTER
N

A
TIVE using H

enderson–
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
  [H

+] = 10
–pH = 10

–4.02 = 9.55 × 10
–5 (m

ol dm
–3) 9

 
  [C

6 H
7 O

6 –]
[C

6 H
8 O

6 ]    =  
 

K
a

[H
+]  =  6.76 × 10

–5

9.55 × 10
–5   9

 

  = 0.708
1

  9
 

 

H
asselbalch equation 

-------------------------------------------------------------- 
A

LLO
W

 9.55 × 10
–5 up to calculator value of  

9.54992586 × 10
–5 correctly rounded 

  A
LLO

W
 EC

F from
 incorrect [H

+] 
   A

LLO
W

 0.71 (2 SF) up to calculator value correctly 
rounded 
  

 
 

(ii) 
m

ass of C
6 H

7 O
6 N

a = 0.708 × 300
176   × 198.0  

 = 239 O
R

 240 (m
g) 9

 
 

1 
A

LLO
W

 EC
F from

 answ
er to (i) 

 

 
(c) 

 
FIR

ST, C
H

EC
K

 TH
E A

N
SW

ER
 O

N
 A

N
SW

ER
 LIN

E 
IF answ

er = 0.0524 (m
ol dm

–3) aw
ard 2 m

arks 
--------------------------------------------------------------------– 
 [H

+(aq)] = 10
–pH  = 10

–12.72  
= 1.91/1.9 x 10

–13 (m
ol dm

–3) 9
  

 [N
aO

H
] / [O

H
–(aq)] =  

K
w

[H
+(aq)]   =  

  
1.0 × 10

–14

 1.91 × 10
–13

= 0.0524 (m
ol dm

–3) 9
  

 
 

2 
A

LLO
W

 alternative approach via pO
H

 
pO

H
 = 14 – 12.72 = 1.28 9

 
[N

aO
H

] /  [O
H

–(aq)] = 10
–pO

H  
= 0.0524 (m

ol dm
–3) 9

  
 A

LLO
W

 any value betw
een 0.052 and 0.053  

answ
er depends on degree of rounding for H

+ but 2 S
F 

m
inim

um
 

calculator: 0.052480746 

 
 

 
Total 

12 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
20 

(a) 
 

P
lease refer to the m

arking instructions on page 4 of this m
ark 

schem
e for guidance on how

 to m
ark this question. 

 Level 3 (5–6 m
arks) 

A com
prehensive conclusion w

hich outlines control of 
concentrations for each experim

ent w
ith all volum

es show
n  

A
N

D
 

uses quantitative results for determ
ination of orders and rate 

equation  
A

N
D

  
calculates a value for the rate constant w

ith units.  
 There is a w

ell-developed conclusion show
ing a line of reasoning 

w
hich is clear and logically structured. The w

orking for control of 
variables, determ

ination of orders/rate equation and rate constant 
are clearly linked to the experim

ental evidence.  
 Level 2 (3–4 m

arks) 
R

eaches a sound, but not com
prehensive, conclusion based on 

the quantitative results  
A

N
D

  
outlines control of all concentrations, diluting each solution at a 
tim

e  
O

R
  

correctly identifies the orders supported by results and calculates 
a value for the rate constant. 
 The conclusion has a line of reasoning w

ith som
e structure. The 

w
orking for control of variables O

R
 orders/rate equation A

N
D

 
rate constant are linked to the experim

ental evidence.  
Level 1 (1–2 m

arks) 
Attem

pts to controls concentrations by diluting each solution in 
turn  
A

N
D

  
reaches a sim

ple conclusion for orders to obtain a rate equation 

6 
Indicative scientific points m

ay include: 
C

ontrol of variables 
Initial concentrations throughout 
• 

m
ix 10 cm

3 of Br –, BrO
3 – and H

+  
• 

dilute each solution in turn w
ith w

ater 
• 

only one solution changed at a tim
e 

• 
total volum

e kept the sam
e 

 N
O

TE: Volum
es of each m

ixture could be 
show

n and illustrates all points above, e.g. 
E

xpt 1: 10 / 10 / 10 
E

xpt 2: 2.5 + 7.5 H
2 O

 / 10 / 10 
E

xpt 3: 10 / 5 + 5 H
2 O

 /10  
E

xpt 4: 10 / 5 + 5 H
2 O

 / 5 + 5 H
2 O

 
----------------------------------------------------------- 
O

rders/rate equation 
• 

Br – 
1st order  

BrO
3 – 

1st order 
H

+ 
2nd order 

O
R

 rate = k[Br –] [BrO
3 –] [H

+] 2 
• 

Supported by reasoning from
 the 

experim
ental results 

 C
alculation of k

,  including units
 

• 
Value of k correctly calculated: k = 12  

• 
U

nits: dm
9 m

ol –3 s
–1 O

R
 m

ol –3 dm
9 s

–1 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
w

ith few
 errors. 

 The w
orking for orders, and rate equation are linked to the 

experim
ental data, but the evidence m

ay not be clearly show
n. 

 0 m
arks – N

o response or no response w
orthy of credit. 

 
 

(b) 
(i) 

3 M
nO

4 2– + 4 H
+ →

  2 M
nO

4 – + M
nO

2  + 2 H
2 O

 9
 

 
1 

A
LLO

W
 1 in front of M

nO
2  

 
 

(ii) 
In acidic conditions 

(C
oncentration of) H

+ increases 
A

N
D

  
equilibrium

 (position) shifts to the right to reduce 
concentration of H

+/rem
ove H

+ 9
 

 In alkaline conditions 
O

H
– reacts w

ith H
+ 

A
N

D
 

equilibrium
 (position) shifts to the left to increase 

concentration of H
+/add H

+  9
 

2 
       A

LLO
W

 H
+ + O

H
– →

 H
2 O

 
   

 
(c) 

 
In acid: 

H
2 (g) →

 2H
+(aq)  +  2e

– 
A

N
D

 
O

2 (g)  +  4H
+(aq)  +  4e

– →
 2H

2 O
(l) 9

 
 2H

2  + O
2  →

 2H
2 O

  
A

N
D

 
C

ell potential = 1.23 – 0.00 = 1.23 (V) 9
 

 
In alkali: 

2O
H

–(aq)  +  H
2 (g) →

 2H
2 O

(l)  +  2e
– 

A
N

D
 

O
2 (g)  +  2H

2 O
(l)  +  4e

– →
 4O

H
–(aq) 9

 
 2H

2  + O
2  →

 2H
2 O

 

4 
     A

LLO
W

 H
2  + ½

O
2  →

 H
2 O
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
A

N
D

 
C

ell potential = 0.40  –  (–0.83) = 1.23 (V) 9
 

A
LLO

W
 H

2  + ½
O

2  →
 H

2 O
 

 
 

 
 

Total 
13 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
21 

(a) 
(i) 

1s
22s

22p
63s

23p
63d

6 9
 

 Look carefully at 1s
22s

22p
63s

23p
6 – there m

ay be a m
istake  

 

1 
A

LLO
W

 4s
0 before or after 3d,  

i.e. 1s
22s

22p
63s

23p
64s

03d
6 

D
O

 N
O

T A
LLO

W
 [Ar] as shorthand for 

1s
22s

22p
63s

23p
6 

 A
LLO

W
 upper case D

, etc and 
subscripts, e.g. …

...3D
10  

 IG
N

O
R

E an extra 1s
2 after prom

pt on 
answ

er line 
 

 
(ii) 

 

 
 

4 
 C

heck correct 1– charge 
A

LLO
W

 brackets, 
e.g. [FeC

l4 ] – 

    For I –, A
LLO

W
 SO

2  , (H
+)/Zn  

 For M
nO

4 –, 
A

LLO
W

 H
2 O

2  , (H
+)/C

r2 O
7 2–, C

l2   

  For Fe(O
H

)2  
A

LLO
W

 Fe(O
H

)2 (H
2 O

)4  
For colour, ALLO

W
 any colour that 

describes green 
  

 
(b) 

 
n(H

2 ) = 
150

24000   = 0.00625 (m
ol) 9

 
4 

  

  FeC
l4 –  9

 
 

[Fe(H
2 O

)6 ] 3+ 

pale yellow
 solution 

Fe(O
H

)2  
A

N
D

 
green precipitate 9

 

 [Fe(H
2 O

)6 ] 2+ 

pale green solution 

N
aO

H
(aq) 

C
onc H

C
l(aq) 

K
I/I –  9

 
(H

+)/M
nO

4 – 9
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
 If Equation 1, M

 = 
0.188

0.00625   = 30.08 (g m
ol –1) 9

 

 If Equation 2, M
 = 0.188/0.00625 × 1.5 = 45.18 (g m

ol –1) 9
  

 Elem
ent M

 = scandium
/Sc  9

 

    D
O

 N
O

T A
LLO

W
 EC

F based on 30 
 N

O
TE: O

nly 45 m
atches Ar values of d-

block elem
ent/Sc–Zn 

 
 

(c) 
(i) 

[C
o(H

2 O
)6 ] 2+ + 6N

H
3  →

 [C
o(N

H
3 )6 ] 2+ + 6H

2 O
 9

 
 ligand substitution 9

 
 

2 
  A

LLO
W

 ligand exchange 

 
 

(ii) 
 

 

 3–D
 Shape 9

 
 bond angle 90

 º 9
 

 

 Bonds m
ust be to N

 of N
H

3  ligands  

2 
IG

N
O

R
E charges (anyw

here) and labels 
(even if w

rong) 
 Square brackets N

O
T required 

 M
ust contain 2 ‘out w

edges’, 2 ‘in 
w

edges’ and 2 lines in plane of paper O
R

 
4 lines, 1 ‘out w

edge’ and 1 ‘in w
edge’: 

 For bond into paper, ALLO
W

: 

 
 

  A
LLO

W
 follow

ing geom
etry throughout: 

 
  

 
 

(iii) 
Em

pirical form
ula of com

plex D
 

4 
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Q
uestion 

A
nsw

er 
M

arks 
G

uidance 
 

C
o    :     N

     :     H
     :    C

l   

 =    22.03
58.9

  :  
 

31.41
14.0

 :  6.73
1.00    :  

 
39.83
35.5

  

 
O

R
  0.374 :    2.24 :    6.73  :    1.12  9

 
 

 
 

=     1 : 6 : 18 : 3 
=    C

oN
6 H

18 C
l3   9

  
  com

plex ion C
 

[C
o(N

H
3 )6 ] 3+ 9

 
 

com
plex D

  
 [C

o(N
H

3 )6 ] 3+[C
l –]3  9

 
 

     C
orrect em

pirical form
ula subsum

es 
previous m

ark 
    A

LLO
W

 [C
o(N

H
3 )6 ] 3+ 3C

l – 

 
 

(iv) 
H

alf equations 
[C

o(N
H

3 )6 ] 2+ →
 [C

o(N
H

3 )6 ] 3+ + e
– 9

 
 H

2 O
2  + 2e

–→
 2O

H
– 9

 
 

O
verall equation 

2[C
o(N

H
3 )6 ] 2+ + H

2 O
2  →

 2[C
o(N

H
3 )6 ] 3+ + 2O

H
– 9

 
 

3 
A

LLO
W

 m
ultiples throughout 

  A
LLO

W
 H

2 O
2  + 2H

+ + 2e
–→

 2H
2 O

   
  A

LLO
W

  
2[C

o(N
H

3 )6 ] 2+ + H
2 O

2  + 2H
+ →

 
                              2[C

o(N
H

3 )6 ] 3+ + 2H
2 O

 
 

 
 

Total 
20 

 

 


