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2 (a) State briefly what is meant by the following terms.

  (i) reversible reaction

 ..................................................................................................................................

  (ii) dynamic equilibrium

 ..................................................................................................................................

 ..................................................................................................................................
[2]

 (b) Water ionises to a small extent as follows.

H2O(l)    H+(aq)  +  OH–(aq)           H  =  +58 kJ mol–1

  (i) Write an expression for Kc for this reaction.

 ..................................................................................................................................

  (ii) Write down the expression for Kw, the ionic product of water, and explain how this 
can be derived from your Kc expression in (i).

 ..................................................................................................................................

 ..................................................................................................................................

  (iii) State and explain how the value of Kw for hot water will differ from its value for cold 
water.

 ..................................................................................................................................

 ..................................................................................................................................
[3]

 (c) Kw can be used to calculate the pH of solutions of strong and weak bases.

  (i) Use the value of Kw in the Data Booklet to calculate the pH of 0.050 mol dm–3 
NaOH.

pH =  ...........................................

   Ammonia ionises slightly in water as follows.

NH3(aq)  +  H2O(l)    NH4
+(aq)  +  OH–(aq)

   The following expression applies to this equilibrium.

[H2O] ! Kc=  [NH4
+][OH–] / [NH3]  =  1.8 ! 10–5 mol dm–3
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  (ii) Calculate [OH–(aq)] in a 0.050 mol dm–3 solution of NH3. You may assume that only 
a small fraction of the NH3 ionises, so that [NH3] at equilibrium remains at 
0.050 mol dm–3.

[OH–(aq)] =  .................................
  
  (iii) Use the value of Kw in the Data Booklet, and your answer in (ii), to calculate [H+(aq)] 

in 0.050 mol dm–3 NH3(aq).

[H+(aq)] =  ...................................

  (iv) Calculate the pH of this solution.

pH =  ...........................................
[6]

[Total: 11]

Bilal Hameed A2 Chemistry P4 Mock Exam 2 2023



3  !
!
!
!
!
!
!
!
!
!
!

!

!
!

(a) (i)

Bilal Hameed A2 Chemistry P4 Mock Exam 2 2023



       
(ii)!
!

(iii)

Bilal Hameed A2 Chemistry P4 Mock Exam 2 2023



!

!"#$%&$%'%(%$)*+,-./0+)#$)

!"#
$%&'()*#+,

-,*

"+ +12345678+9585:2;7<+1=<+2>+?5497;+28+@+47A74>2BC7+47@D3258+EF78+@24+2>+F7@37;+35+3F7+379G74@3H47+
5?+@+D@4+786287I

+ #$%& #'%+ +0H667>3+@+J;53K@8;KD45>>L+7C7D34582D+>34HD3H47+?54+82345678+9585:2;7I

+ #''%+ +MF7+783F@CGN+DF@867+5?+?549@3258+5?+82345678+9585:2;7+2>+O!#+P(+95CQ$I+RF@3+2>+3F7+
783F@CGN+DF@867+?54+3F7+?5CC5E286+47@D3258S

+ )1=T6U++ ++1)T6U++O++=)T6U+ .4+V+IIIIIIIIIIIIIIIIIIIII+P(+95C
Q$

+ #'''%+ +/:GC@28+EFN+82345678+9585:2;7+2>+?5497;+28+3F7+D@4+786287I

+ +IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

+ #'(%+ +,>286+B58;+783F@CGN+A@CH7>+?459+3F7+/&0&12""34*0+@8;+N5H4+@8>E74+28+#''%+@B5A7<+
D@CDHC@37+@+A@CH7+?54+3F7+B58;+78746N+5?+82345678+9585:2;7I

B58;+78746N+V+IIIIIIIIIIIIIIIIIIIIIIIIII+P(+95CQ$

WXY

+ #)%+ +Z3+[##+\<+82345678+9585:2;7+47@D3>+E23F+FN;45678+@DD54;286+35+3F7+?5CC5E286+7]H@3258I

+ 7]H@3258+!+ )^)T6U++O+)1=T6U++ ++)^)=T6U++O++1)T6U

+ +MF7+ ?5CC5E286+ 3@BC7+ >F5E>+F5E+ 3F7+ 28232@C+ 4@37+5?+ 3F2>+ 47@D3258+;7G78;>+58+ 3F7+G@432@C+
G47>>H47>+5?+3F7+47@6783>I

7:G7429783 GT^)U+%+@39 GT1=U+%+@39 28232@C+4@37+%+@39+>Q$

$ #I_& $I_# $IX#+ +$#Q"

) #I_& #I[# `I"X+ +$#Q[

` #I`) $I_# "IX#+ +$#Q[

+ #'%+ +a28;+ 3F7+54;74+5?+ 3F7+ 47@D3258+E23F+ 47>G7D3+ 35+7@DF+ 47@D3@83<+ 7:GC@28286+F5E+N5H+
@442A7+@3+N5H4+@8>E74I

+ +IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

+ +IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

+ +IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

+ +IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

+ +IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Bilal Hameed A2 Chemistry P4 Mock Exam 2 2023



                                                                                                                                  [Total: 18]

!

!"#$%&$%'%(%$)*+,-./0+)#$) "#$%&'()*%

!"#
$%&'()*#+,

-,*

+ +,,-+ +12345+6789+4:5+2;45+5<=;4379+;96+4:5+=934>+7?+4:5+2;45+@79>4;94A

+ +AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

+ +B:5+?7CC7839D+E5@:;93>E+:;>+F559+G=4+?728;26+?72+4:3>+25;@4379A

+ >45G+$+ HI++J++HI+ + H)I++J++I

+ >45G+)+ K)++J++I+ + K)I

+ >45G+L+ K)++J++H)I+ + H)++J++K)I

+ +,,,-+ +0:78+ :78+ 4:5+ 7M52;CC+ >473@:37E5423@+ 5<=;4379+ !+ @;9+ F5+ 6523M56+ ?27E+ 4:5+ 4:255+
5<=;4379>+?72+4:5+3963M36=;C+>45G>+D3M59+;F7M5A

+ +,)-+ ++0=DD5>4+8:3@:+7?+4:5+4:255+25;@4379>+39+4:5+E5@:;93>E+3>+4:5+2;45+65452E3939D+>45GA
+ /NGC;39+O7=2+;9>852A

+ +AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

+ +AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
PQR

+ +.-' 'B:5+?7CC7839D+39?72E;4379+79+:;C?S25;@4379>+25C;45>+47+4:5+25;@4379+F548559+KHIL+;96+;9+
5N@5>>+7?+T50I&A

+ T5LJ++J++5U++ ++T5)J+ $. +V+J#A""+W

+ LKJ++J++HILU++J++)5U++ ++KHI)++J++K)I+ $. +V+J#A!&+W

+ KHI)++J++KJ++J++5U++ ++HI++J++K)I+ $. +V+J#A!!+W

+ +,-+ +0=DD5>4+4:5+?72E=C;+7?+4:5+93427D59S@794;3939D+!+9;C+G276=@4+7?+4:3>+25;@4379A

+ +AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

+ +,,-+ +12345+;9+5<=;4379+?72+4:5+?72E;4379+7?+4:3>+93427D59S@794;3939D+G276=@4A

+ +,,,-+ +H3427D59+E797N365+?72E>+;+6;2X+F2789+@7EGC5N+834:+;9+5N@5>>+7?+T50I&Y;<ZA
+ +1:;4+X396+7?+F79639D+3>+39M7CM56+39+4:5+@7EGC5N+?72E;4379[

+ +AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

+ +,)-+ +0=DD5>4+;+?72E=C;+?72+4:3>+@7EGC5NA

+ +AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
P&R

PB74;C\+$"R

Bilal Hameed A2 Chemistry P4 Mock Exam 2 2023



4
8

9701/41/M/J/10© UCLES 2010

For
Examiner’s

Use

5 Although standard electrode potentials are measured for solutions where the concentrations 
of ions are 1.0 mol dm–3, cells used as sources of battery power tend to operate with more 
concentrated solutions. This question concerns the electrode reactions involved in the 
hydrogen-oxygen fuel cell and the lead-acid car battery.

 (a) In the hydrogen-oxygen fuel cell, H2(g) and O2(g) are fed onto two inert electrodes 
dipping into NaOH(aq). 

V

hydrogen
oxygen

NaOH(aq)

  The following reactions take place.

   left hand electrode (cathode): H2(g)  +  2OH–(aq)    2H2O(l)  +  2e–

   right hand electrode (anode): O2(g)  +  2H2O(l)  +  4e–    4OH–(aq)

  (i) Use the Data Booklet to calculate E     o––cell for this reaction.

 ..................................................................................................................................

  (ii) Construct an equation for the overall reaction.

 ..................................................................................................................................

  (iii) By using one of the phrases more positive, more negative or no change, deduce 
the effect of increasing [OH–(aq)] on the electrode potential of

    • the left hand electrode  .......................................................................

    • the right hand electrode  .......................................................................

  (iv) Hence deduce whether the overall Ecell is likely to increase, decrease or remain the 
same, when [OH–(aq)] increases. Explain your answer.

 ..................................................................................................................................

 ..................................................................................................................................

  (v) Suggest one other reason why a high [NaOH(aq)] is used in the fuel cell.

 ..................................................................................................................................
[6]

Bilal Hameed A2 Chemistry P4 Mock Exam 2 2023



9

9701/41/M/J/10© UCLES 2010 [Turn over

For
Examiner’s

Use

 (b) In the cells of a lead-acid car battery the following reactions take place.

   cathode: Pb(s)    Pb2+(aq)  +  2e–

   anode: PbO2(s)  +  4H+(aq)  +  2e–     Pb2+(aq)  +  2H2O(l)

  (i) Use the Data Booklet to calculate E     o––cell for this reaction.

 ..................................................................................................................................

  (ii) Construct an equation for the overall reaction.

 ..................................................................................................................................

  The electrolyte in a lead-acid cell is H2SO4(aq). Most of the Pb2+(aq) ions that are 
produced at the electrodes are precipitated as the highly insoluble PbSO4(s).

  (iii) Construct an equation for the overall cell reaction in the presence of H2SO4.

 ..................................................................................................................................

  (iv) By considering the effect of decreasing [Pb2+(aq)] on the electrode potentials of 
the cathode and the anode, deduce the effect of the presence of H2SO4(aq) in the 
electrolyte on the overall Ecell.

   State whether the Ecell will increase, decrease or remain the same.
 
   Overall Ecell will ................................................ .

   Explain your answer.

 ..................................................................................................................................

 ..................................................................................................................................
[5]

[Total: 11]
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7 Each of the following structures is an 8-atom segment of the chain of a commercial polymer.

 For each structure,

  • decide whether it is part of a condensation or an addition polymer, and
  • draw the structural formulae of the monomer(s) from which the polymer is made.

polymer
addition or 

condensation?
formulae of monomers

H
N

H
N

CH2

CH2

O

C

H
N

O

C

O

C

O

O O

C

CH2

CH2 CH2

CH3

CH3

CH CH

O

C

CONH2

CH2

CH

CH2

CH

CH2

CH

CH2

CH

CH3 CONH2

[8]
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 (c) (i) Suggest suitable acyl chlorides to use in the following reaction. Draw their structures 
in the boxes provided.

+    H2N
NH2

NHHN

O O

OH

OH
O

O

C E

O

O O
n

+

D F

  Compound E dissolves in, but does not react with, cold water.

  (ii) Suggest the major type of intermolecular interaction that occurs between E and 
water.

 ..................................................................................................................................

  (iii) A solution of the diamine H2NCH2CH2NH2 in water has pH = 11 but a solution of E 
in water has pH = 7. Suggest why this is the case.

 ..................................................................................................................................

 ..................................................................................................................................

  (iv) What type of polymer is compound F?

 ..................................................................................................................................
[5]

[Total: 12]
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7 Predict the products of the following reactions and draw their structures in the boxes provided. 
Note that the molecular formula of the final product is given in each case.

Cl2 + light

C8H10O

NaOH

heat

Cl2 + AlCl3

C8H8ClO2N

HNO3 +

H2SO4

55˚C

KMnO4

+ OH–

+ heat

then H+

C10H10O4

CH3OH +
conc. H2SO4

heat

[6]

[Total: 6]
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