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Section A (multiple choice) 
 
Quest ion 
Number 

Correct  Answer Mark 

1 (a) D 1 
 
Quest ion 
Number 

Correct  Answer Mark 

1 (b) D 1 
 
Quest ion 
Number 

Correct  Answer Mark 

1 (c) A 1 
 
Quest ion 
Number 

Correct  Answer Mark 

2 B 1 
 
Quest ion 
Number 

Correct  Answer Mark 

3 C 1 
 
Quest ion 
Number 

Correct  Answer Mark 

4 D 1 
 
Quest ion 
Number 

Correct  Answer Mark 

5 B 1 
 
Quest ion 
Number 

Correct  Answer Mark 

6 A 1 
 
Quest ion 
Number 

Correct  Answer Mark 

7 (a) C 1 
 
Quest ion 
Number 

Correct  Answer Mark 

7 (b) B 1 
 
Quest ion 
Number 

Correct  Answer Mark 

7 (c) D 1 
 
Quest ion 
Number 

Correct  Answer Mark 

8 B 1 
 
 



Quest ion 
Number 

Correct  Answer Mark 

9  D 1 
 
Quest ion 
Number 

Correct  Answer Mark 

10 D 1 
 
Quest ion 
Number 

Correct  Answer Mark 

11 B 1 
 
Quest ion 
Number 

Correct  Answer Mark 

12 A 1 
 
Quest ion 
Number 

Correct  Answer Mark 

13  B 1 
 
Quest ion 
Number 

Correct  Answer Mark 

14  C 1 
 
Quest ion 
Number 

Correct  Answer Mark 

15  C 1 
 
Quest ion 
Number 

Correct  Answer Mark 

16  A 1 
 



Section B  
 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
17 (a)(i) 

 
5.7 x 10 –5 / 5.71 x 10 –5 / 5.714x 10 –5  / 0.000057  
 
IGNORE  SF except  1 (ie don’ t  accept  6 x 10 –5) 
 

  
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
17 (a)(ii) 

 
C4H9Br: f irst  order /  1 (1) 
 
(going from f irst  to second experiment )  
rate doubles when concent rat ion /  number of 
moles doubles (and [OH—]  constant  )/  rate and 
concent rat ion increase in proport ion (1) 
ALLOW ‘time halves’ instead of ‘rate doubles’ 
 
OH— :  zero order /  0  
and 
(going from second to third expt ) as increase in 
concent rat ion does not  affect  rate (and 
[C4H9Br]  constant  ) (1)  
 
ALLOW ‘ doubling in concent rat ion of OH—

instead of ‘ increase in concent rat ion’  
 
ALLOW t ime increases by the same factor as 
increase in hydroxide concent rat ion (5/ 3) 
  
May refer to experiment  number rather than 
concent rat ions  
 

  
3 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
17 (a)(iii) 

 
Rate = k[C4H9Br] 
OR  Rate = k[C4H9Br]1[OH—]0 

 

ALLOW k in lower or upper case 
 

Rate equat ion must  be consistent  with orders in 
(a)(ii) 
If  no order is given for hydroxide in (ii) mark 
cannot  be given 
 

  
1 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
17 (a)(iv) 

 
k= 2.9 x 10-5     
       0.017 
=  1.7 x 10-3 /  1.71 x 10-3 /  1.706 x 10-3 s-1 

 
ALLOW k=1.68 x 10-3

(value obtained from experiment  2 or 3) 
 
value of k (1) 
 
units (1) stand alone mark 
 
ALLOW  TE from (a)(iii)   
IGNORE  SF except  1 
 
Rate = k[C4H9Br]2 gives k= 0.10036 dm3 mol -1s-1 

 
Rate = k[C4H9Br][OH-]  gives k= 1.42 dm3 mol -1s-1

ALLOW k=1.39 dm3 mol -1s-1 

(value obtained from experiment  2 or 3) 
 
Rate = k[C4H9Br][OH-]2 gives k= 1184.6  
dm6 mol -2s-1

 
Rate = k[C4H9Br]2[OH-]  gives k= 83.62  
dm6 mol -2s-1 

 

  
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
17(b) 
 

 
[OH—]  is (in chemical equat ion but ) not  in rate 
equat ion /  not  in rate determining step (so is in 
a step other than rate determining step) 
 
OR 
 
Only C4H9Br is in rate equat ion /  rate 
determining step (so OH— is in a step other than 
rate determining step) 
 

  
1 

 



 
Quest ion 
Number 

Acceptable Answers Mark 

 
17 (c) 

First mark 
Choice of bromoalkane must  be consistent  with rate equat ion in 
(a)(iii).   
If  [OH—]  is not  in rate equat ion, secondary/ tert iary 
bromoalkane.  
If  [OH—]  is in rate equat ion, primary/ secondary bromoalkane. (1) 
 
Second and third marks 
Either SN1 or SN2 mechanism can score 2 marks regardless of 
choice of bromoalkane.  

 
 
Lone pairs not  required   
 
Curly arrow from C-Br bond  to Br (making Br—) (1) 
 
Curly arrow from anywhere on OH— /  HO— to C+ in correct  
intermediate (making alcohol) (1) 
 
OR 

 
 
Both curly arrows from OH— and from C-Br bond to Br (may both 
be shown at  start ) (1) 
 
Transit ion state including minus charge (and product ) (1) 
 
Do not  penalise if  C2H5 shown instead of C3H7.  
Bonds in t ransit ion state can be dot ted. 
Do not  penalise the missing H atoms in alkyl groups in 
mechanism .  
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Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
17 (d) 
QWC 

 
(Primary and tert iary) carbocat ion 
intermediates have dif ferent  stabilit ies (1) 
as (induct ive effects of) alkyl groups stabilise 
tert iary carbocat ion  (1) 
 
 
 
 
 
 
OR 
 
Steric hindrance dif fers for at tack on primary 
and tert iary carbon (in the molecule) /  less 
space available for at tack by OH— on tert iary 
carbon /  more space for at tack by OH— on 
primary carbon (1) 
as bulky /  three alkyl groups obst ruct  at tack 
(1) 
 

 
“ Tert iary 
bromoalkanes 
react  by SN1”  
without  
further 
explanat ion 
 
carbocat ion 
intermediates 
have dif ferent  
react ivity 
 
steric 
hindrance in 
carbocat ion 
 
 

 
2 
 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
18 (a)(i) 

 
(Acid) hydrolysis  

 
subst itut ion 

 
1 
 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
18 (a)(ii) 

 
K2Cr2O7 /  Na2Cr2O7 /  Cr2O7

2— 
Potassium dichromate((VI)) /  sodium 
dichromate((VI)) /  dichromate((VI)) ions 
 
ALLOW  manganate((VII)) ions, etc 
 

 
Just  
“ dichromate”  
 
chromates 
 
Correct  
formula with 
wrong name 
and vice versa 
 
Incorrect  
oxidat ion 
number 
 

 
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

  
18 (a)(iii) 

 
Lithium tet rahydridoaluminate/  lithium 
aluminium hydride/  LiAlH4 (in dry ether) 
 

 
Just  [H—]  

 
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
18 (a)(iv) 

 
Methyl butanoate (1) 
 
CH3CH2CH2COOH + CH3OH  → 
         CH3CH2CH2COOCH3  + H2O  (1) 
 

ALLOW  ⇌ 
IGNORE state symbols even if  wrong 
 

 
Methyl 
butoate  
 

 
2 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
18 (a)(v) 

 

CH3 CH2 CH2 C
O

Cl  
Don’ t  penalise undisplayed methyl groups as 
here.   
COCl must  be displayed as above. 
 

 
C3H7 for 
CH3CH2CH2 

 

 

 
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
18 (b)(i) 

 
Nit rogen inert  /  unreact ive /  less react ive 
(than oxygen) 
 
OR  
 
Oxygen  might  react  with chemicals going 
through column /  sample might  oxidise 
 

  
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
18 (b)(ii) 

 
Solubil it y (in liquid /  stat ionary phase) 
 
OR 
 
Interact ion with liquid /  stat ionary phase 
 
OR 
 
Interact ion between mobile and stat ionary 
phase 
 
OR 
 
At t ract ion for liquid /  stat ionary phase 
 
OR  
 
Strength  of (named) intermolecular forces 
 
OR 
 
Adsorpt ion on liquid /  stat ionary phase  
 
OR 
 
Absorpt ion on liquid /  stat ionary phase  
 

 
Size of 
molecule /  
molar mass 
 
Polarity, 
unless with 
explanat ion 
 
Boiling point  /  
volat il it y  
 
Viscosity  
 
At t ract ion for 
carrier gas 
 
 
Just  a named 
intermolecular 
force 
 
Just  ‘ retent ion 
t ime’  
 
Density  
 

 
1 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
18 (c)(i) 

           

O

H

CH3

C CH2

O

C O

H

CH3

C CH2

O

C

 
 
OR 
 

CH3

H

CH2

O

C O C

H

CH3

CH2 C

O

OC

 
 
 
Ester link including C=O (1) 
Rest  of polymer with oxygens at  end correct  (1) 
 
All H atoms must  be shown. 
 
PENALISE lack of displayed C=O once only 
ACCEPT  
Without  brackets around formula but  bonds at  
end should be shown 
More than two correct  units 
IGNORE n af ter brackets 
 

  
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
18 (c)(ii) 

 
Hydrolysis  
 
OR 
 
Split s /  breaks ester l ink  
 
OR  
 
polymer breaks down to monomers   
 
OR  
 
equat ion showing hydrolysis 
 

 
 
 
 
 
Just  ‘ breaks 
polymer down’  

 
1 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (a)(i) 

 
(Kp =) pCH3CO2H 
         pCH3OH (x) pCO 
 
Part ial pressure symbol can be shown in various 
ways, eg pp, pCO,  (CO)p,  etc 
 
ALLOW p in upper or lower case, round 
brackets 
IGNORE  units 
 

 
[   ]  
State symbols 
given as (l) 
 
+ in bot tom 
line  

 
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (a)(ii) 

 
P CH3OH = 4.9 (atm) (1) 
P CO = 4.9 (atm) (1) 
 
1 mark for recognit ion that  pressures are equal 
 
IGNORE unit s 
 

  
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (a)(iii) 

 
Kp = ((22.2)/ (4.9)2) 
 = 0.925 (1) 
 
atm—1 (1)  stand alone mark but must match 
expression used in (a)(iii) 
 
OR 
 
9.25 x 104 Pa—1 /  92.5 kPa—1 (2) 
 
ALLOW  TE from (a)(i) if  inverted and/ or (a)(ii) 
 

 
Answers to 
other than 3 
signif icant  
f igures 

 
2 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (b)(i) 

 
CH3OH:  3.2 
CO     :   3.2  (1) for both values 
 
CH3CO2H:  46.8 (1) 
 
ALLOW  TE for moles of ethanoic acid based on 
numbers of methanol and carbon monoxide 
used, as long as moles of methanol and carbon 
monoxide are equal and moles ethanoic acid + 
moles methanol = 50 
 

  
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (b)(ii) 

 
46.8 x 32   =  28.2 /  28.1504 (atm) 
      53.2 
 
IGNORE sf  except  1 
 
Value = 28.16 if  mol f ract ion rounded  
 
ALLOW  TE from (b)(i) 
 

 
28.1 
 
46.8 x 32  =   
      50 
29.95 (atm) 
 
 
 
 

 
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (b)(iii) 

 
exothermic as yield /  pp of ethanoic acid /  
conversion of reactants/  Kp  is higher at  lower 
temperature /  as equilibrium moves (right ) at  
lower temperature 
 
ALLOW  
if  part ial pressure of ethanoic acid < 22.2 atm 
in (b)(ii),  endothermic as yield /  pp of ethanoic 
acid /  conversion of reactants/  Kp  is lower at  
lower temperature  
 

  
1 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (c)(i) 

 
No effect   
and 
other concent rat ions change to keep Kp 
constant  /  Kp is only affected by temperature/  
as equilibrium moves (right ) to keep Kp 
constant  /  change  in pressure does not  change 
Kp

 

 
 
 
As Kp is a 
constant  

 
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (c)(ii) 

 
Yield increased  to restore fract ion /  quot ient  /  
part ial pressure rat io back to Kp 

 
ALLOW  (equilibrium moves) to use up the 
methanol / answers based on ent ropy or Le 
Chatelier 
 
Correct  predict ion in (c)(i) and (c)(ii) with 
inadequate explanat ions scores 1 mark  in 
(c)(ii) 
 

 
 
 
 
Just  
‘ equilibrium 
moves to the 
right ’  

 
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
19 (d) 

 
Mark independent ly 
 
React ion can occur at  lower temperature /  has 
lower act ivat ion energy /  requires  less energy 
(1) 
less fuel needed /  fewer emissions (from fuels) 
/  fewer raw materials needed /  less natural 
resources used (1) 
 
OR 
 
Enables use of an alternat ive process with 
higher atom economy (1) 
fewer raw materials needed /  less natural 
resources used (1) 
 

 
 
 
Answer based 
on car exhaust  
emissions  

 
2 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
20 (a)(i) 

 
Correct  answer with or without  working scores 
2 marks 
 
[H+]  = (1 .00 x 10—14/  0.250) = 4 x 10—14  (1) 
 
pH = (13.39794 =) 13.4 (1) 
 
OR 
 
pOH = -log 0.250 = 0.602 (1) 
 
pH = (13.39794 =)13.4 (1) 
 
ALLOW  
TE in second mark if  error in [H+]  calculat ion 
gives pH more than 7  
3 or more sf  
IGNORE rounding errors e.g. accept  13.39 
 

  
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
20 (a)(ii) 

 
(Ka =) [CH3COO—] [H+]             (1) 
          [CH3COOH] 
 
ALLOW   
H30

+ instead of H+ 

[A—] [H+]   if  key to symbols given 
   [HA] 
IGNORE state symbols 
 

      
      [H+]2      
[CH3COOH]        

 
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
20 (a)(iii) 

 
Correct  answer with or without  working scores 
2 marks 
 
1.7 x 10—5   = [H+]2               (1) 
                   0.125 
 
[H+]  = 1.46 x 10—3 

pH = 2.84/ 2.8 (1) 
 
no TE from an incorrect  [H+]  
 

  
2 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
20 (a)(iv) 

 
pH = 4.8 /  4.77 (1) 
 
pH = pKa /  [H+]  = Ka (when acid is half  
neut ralized) (1) 
 

 
 
 
H+ = Ka

 
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
20 (a)(v) 

 
Sigmoid curve start ing between pH 2 and 4 
(2.8), ending between pH 12 and 14 inclusive 
(1) 
 
with steep rise (may be vert ical or gent ly 
sloping) of between 3 – 7 units between pH 6 
and 12. Sloping sect ion should not  extend over 
more than 5cm3.  (1) 
 
When 12.5 cm3,  NaOH added. (1)  
ALLOW  tolerance for grid  
 
Reverse curves lose f irst  mark 
 

  
3 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
20 (a)(vi) 

 
First mark 
Thymolphthalein more suitable as it  changes 
(from colourless to blue) in steep region of 
t it rat ion (pH 8.3 to 10.6)/  at  the equivalence 
point  /  at  the end point   
OR 
thymolphthalein has pH range in steep region 
of t it rat ion (1) 
 
Second mark 
Methyl yellow changes (from red to yellow at  
pH 2.9 to 4) before equivalence point  /  before 
the end point  /  doesn’ t  change in steep sect ion 
OR 
Methyl yellow has pH range before /  outside 
steep region of t it rat ion (1) 
 
ALLOW ‘ Thymolphthalein more suitable as it  
changes at  the equivalence point  but  methyl 
yellow does not . ’  This scores 2 marks 
 
OR 
 
First mark 
pKin     ± 1 must  lie within vert ical region on 
t it rat ion curve (1) 
 
Second mark 
hence thymolphthalein is suitable and methyl 
yellow is not  (1) 
 

  
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
20 (b) 

 
Sodium ethanoate/  CH3COONa  
Potassium ethanoate /  CH3COOK 
 
ALLOW  
other cat ions as alternat ives to sodium 
 

 
Use of sodium 
hydroxide 
(because it ’ s 
in food) 

 
1 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (a)(i) 

 ∆So
system = 109.2 + (6x 69.9) – 343   (1) 

=(+)185.6(J mol–1 K-1)  /  (+)186 (J mol–1 K-1)   (1) 
  
OR   
 
(+)0.186 (kJ mol–1 K-1)  (2) 
 
IGNORE unit s even if  incorrect  
 
correct  answer with no working scores 2 
 
Value using 1 for H2O = -163.9 scores 1 
 
Use of value for H2O(g)  (188.7) gives  
898.4 (J mol–1 K-1) (1) 
 
correct  value with incorrect  sign scores 1 

 
185 

 
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (a)(ii) 

 
Yes as (solid and) l iquid forms (from solid) /  
number of moles increases 
 
OR 
 
If  ∆So

system in (i) is negat ive the sign is not  as 
expected as liquid forms from solid /  number 
of moles increases 

 
Disorder 
increases, 
with no ref to 
liquid or 
number of 
moles 
 
 

 
1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (a)(iii) 

First mark ∆So
surroundings = –88.1 x (1000 )   (1) 

                            298 
Second mark  
= -295.6375  
= -295.6 J mol -1 K-1  (1) 
correct  unit s must  be shown but  order not  
important  
 
OR  
 
-0.2956 kJ mol -1 K-1 (1) 
correct  unit s must  be shown but  order not  
important  
 
correct  answer with or without  working and 
correct  unit s scores (2) 
ignore sf except  1 
 
correct  value with posit ive sign scores 1 

  
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (a)(iv) 

 
(185.6–295.6)  
= -110 (J mol -1 K-1 )  
 
OR 
 
-0.110 ( kJ mol -1 K-1) 
 
could use 186 or 296 etc 
 
TE from (a)(i) and (iii) 
 
(+)602.8 (J mol -1 K-1 ) if value for 6H 2O(g) was 
used in (a) (i)   
 
-459.5 (J mol -1 K-1 ) if value for one H 2O was 
used in (a) (i)   
 

Answers where 
values in J are 
added to kJ 

 
1 

 
 
 
 
 
 
 
 
 
 



Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (a)(v) 

 
Decomposit ion (at  298 K) will not  occur as ∆So

total is negat ive /  React ions are only 
spontaneous if  total ent ropy change is posit ive 
/  decomposit ion not  thermodynamically 
feasible /  (hydrated cobalt  chloride) is 
thermodynamically stable 
 
TE if  answer to (a)(iv) is posit ive showing  
decomposit ion (at  298 K) may occur  
 
OR  
 
Posit ive total ent ropy change doesn’ t  indicate 
rate of react ion 
 

  
1 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (b)(i) 

 
First mark 
Thermometer  (1) 
 
Second mark  (dependent  on f irst ) 
depends on choosing thermometer  
 
as temperature change is small /  
(%) error in balance smaller than for 
temperature reading  
(%) error in pipet te smaller than for 
temperature reading  
(can be shown by calculat ion) /   
as scale with greater degree of precision 
needed /  scale with more graduat ions needed  
(1) 
IGNORE any references to ‘ accurate 
thermometer’  

 
 
 

 
2 

 



 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (b)(ii) 

 
Use more cobalt  chloride /  less water (1) 
 
To increase temperature rise (1) 
 
Mark independent ly 
 

 
Just  ‘ use more 
reactants’  
 
Use more 
cobalt  
chloride and 
more water 
 
repeat  expt  
 
add a lid or 
ext ra 
insulat ion to 
beaker 
 
use dist il led 
water 

 
2 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (c)(i) 
QWC 

 
Radius (of cat ion) increases (down group)  
OR any two values of radius: 
Mg 2+ = 0.072, Ca 2+ = 0.100 /  Sr 2+ = 0.113 (nm)   
data may be shown beside the table (1) 
 
Radius Co2+ = 0.065 nm 
OR Co2+ radius smaller than other ions (1) 
 
Data on EITHER Co2+ OR data showing increase 
in radius down Group II required for BOTH of 
f irst  two marks 
 
Force of at t ract ion between ions decreases (as 
radius of ions increases) /  charge density of 
ions decreases /  negat ive ion can come closer 
to nucleus of posit ive ion (1) 
ALLOW  “ weaker ionic bonds”  
 
Predict  lat t ice energy –2550 to -2900 (kJ mol -1) 
(1) 
 
IGNORE sign 

 
Atomic radii 
unless ionic 
radii also 
given 
 
Radius of 
cobalt  
chloride  
 
 
 
 
Polarising 
power 
decreases 
 

 
4 

 
 
 
 
 
 
 



Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (c)(ii) 
QWC 

 
First mark 
Reference to enthalpy of hydrat ion (may be in 
equat ion ∆Hsolut ion  = -LE + ∆Hhydrat ion)  (1) 
 
Second mark 
Solubil it y depends on relat ive size of  lat t ice 
energy and enthalpy of hydrat ion (1) 
 
Third mark 
EITHER 
Solubil it y more likely if  ∆Hsolut ion  is negat ive  
 
OR 
 
(If  ∆Hsolut ion  is posit ive,) may /  will dissolve if  ∆Stotal is posit ive  
 
ACCEPT solvat ion instead of hydrat ion 
 

  
3 

 
Quest ion 
Number 

Acceptable Answers Rej ect  Mark 

 
21 (d)  
QWC 

 
First mark 
Third  ionizat ion energy high(er)  for Mg /   Mg = 
7733 kJ mol–1,  (third ionizat ion energy for Co = 
3232 kJ mol -1) (1) 
 
Second mark 
(Third ionizat ion energy for Mg is high) because 
the elect ron is being removed from an inner 
shell /  full shell /  2p level /  2p orbital (1) 
 
OR 
 
Not  compensated by higher lat t ice energy for  
Mg3+ (and so ∆Hformat ion of MgCl3 would be highly 
endothermic) (1) 
 

 
 

 
2 

 


