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equate equation 1 into equation 2 

347000 - 110vs = 306000 + 900vs 

vs = 34 m∙s-1
 

1.4.1 B  Red shifted (1) 

1.4.2 High frequency  Short wavelength  (2) 

  [12] 

QUESTION 2 

2.1 Doppler effect  

The change in frequency (pitch) of the sound detected by a listener because 

the sound source and the listener have different velocities relative to the 

medium of sound propagation.  

 (3) 

2.2 v = fL λ  

340 = fL x 0,016 ✓ 

fL = 21 250 Hz 

 

fL =
v±vL

v±vS
fS ✓ 

21250 ✓ =
340

340 − vB
fS ✓ 

 

= 21250 - 62.5VB 

 (4) 

2.3 fL = 21 250 – 62,5vB + 850 ✓ 

= 22 100 – 62,5vB 

 

fL =
v ± vL

v ± vS
fS 

22100 − 62.5vB ✓ =
340 + vB

340
 ✓ 21250 ✓ 

 

= vB = 6,8 m∙s-1 ✓ 

 (5) 

QUESTION 3 

3.1 The change in frequency or pitch of sound detected by a listener because the 

sound source and the listener have different velocities relative to the 

medium of sound propagation. ✓✓ (2) 

3.2 AWAY FROM. ✓Detector records lower frequency. ✓ (2) 

3.3 As the fire truck moves away from the detector, the wave fronts behind  

the truck become stretched out. ✓ The detector registers longer wavelength 

✓and lower frequency✓ 

 (3) 

3.4.1 v = fλ ✓ (3) 
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340 = f x 0,34 ✓ 

f = 1000 Hz ✓ 

 

3.4.2 fL =
v±vL

v±vS
fS ✓ 

 

fL =
340

340 + 20
✓✓1000 ✓ 

 

fL = 944.44Hz 

 

v = fλ 

340 = 944,44λ ✓ 

λ= 0,36 m ✓ 

 (6) 

3.5.1 Remains the same (1) 

3.5.2 Decreases (1) 

QUESTION 4 

4.1 It is the (apparent) change in frequency/pitch of the sound (detected by a 

listener) because the sound source and the listener have different velocities 

relative to the medium of sound propagation. 

 (2) 

4.2 Towards                                             Away 

 

fL =
v±vL

v±vS
fS ✓                                      

 

615 =
v

v − 26
fS  ✓                                 626 =

v

v + 26
fS ✓ 

 
615(v−26)

v
 =

626(v+26)

v
 ✓ 

 

v = 333,33 m∙s-1 ✓ 

 (5) 

4.3  

fs =
615(333,33−26)

333,33
  ✓          or       fs =

526(333,33+26)

333,33
   ✓ 

 

fs = 567.03Hz                                fs = 567.03Hz   

 

v= fλ ✓  

333,33 = 567,03λ ✓ 

λ = 0,59 m ✓ (4) 
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4.4 

 
 

✓ axis 

✓ shape 

✓ t1 

(3) 

QUESTION 5 

5.1 The change in frequency (or pitch) (of the sound) detected by a listener 

because the source and the listener have different velocities relative to the 

medium of propagation.  (2) 

5.2 Towards (1) 

5.3 fL =
v±vL

v±vS
fS ✓                                      

 

3148✓ =
340+0

340−vS
fS  ✓                                 2073✓ =

340−0

340+vs
fS ✓ 

 

3148(340 − vS)

340 + 0
 =

2073(340 + vS)

340 − vS
  

 

vS = 70 m∙s-1 ✓ 

 (6) 

5.4 
𝛥𝑡 =

𝛥𝑥

v
 

Δt =
350

70
  

= 5s 

 (2) 

  [11] 

 

Rates of Reaction 
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SOLUTIONS  

  

1.1 C   

1.2 B   

1.3 D   

1.4 C   

1.5 A   

1.6 B   

1.7 A   

1.8 A   

 A 

QUESTION 2   

2.1.1 The change in concentration of reactants or products per unit time.  

OR The change in mass of reactants or products per unit time.  

OR The change in volume of reactants or products per unit time.  

OR The change in moles of reactants or products per unit time. 

(2) 

2.2.1 Concentration of HCℓ  (1) 

2.2.2 Any ONE of the following: 

 

•Surface area of magnesium 

•Volume of HCℓ 

•Temperature 

•Mass of magnesium 

•Time intervals for measurement 

 

(1) 

2.3 P  (1) 

2.4 The higher the concentration of HCℓ , the more H2 is produced. 

OR The higher the concentration of HCℓ , the higher the rate of the reaction. 

(2) 

2.5 𝑛H2 = 
𝑉

𝑉𝑚
  

 

𝑛H2 = 
0,050

22,4
  

𝑛𝐻2 = 0,00223 mol 

Ratio Mg : H2 = 1 : 1 

0,00223 : 0,00223 

      ∴ 𝑛𝐻2 = 
𝑚

𝑀
 

0,00223 = 
𝑚

24
 

             𝑚 = 0,05357 ≈ 0,05 g     Marking guideline/criteria 

(4) 

2.6.1 Steeper (gradient) (1) 

2.6.2  (3) 
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 Increased surface area allows for more Mg-atoms to be exposed to the HCℓ     

           solution per unit time.  

 More effective collisions per unit time/Frequency of effective collisions occur.  

 Rate of reaction increases. 
 

2.7 

 

 

  17 

 QUESTION 3  

3.1.1 4NaNO     →     2Na2O + 4NO2 + O2        reac   prod bal (3) 

3.1.2 endothermic (1) 

3.1.3 A high energy unstable transition state between the reactants and the products (2) 

3.1.4 The net change  of chemical potential energy  of the system (2) 

 

3.1.5 Draw the curve for an endothermic (coe from 12.1.2) reaction  

 

1 

3.1.6 Correct labels for Ea and ΔH  (2) 

3.1.7 P on y-axis at peak position  (1) 

3.2.1 Maxwell-Boltzmann (distribution curve)  (1) 

3.2.2 Peak is higher and to the left of the original.  

Ends below original curve.  
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3.2.3 Ea line shifts to the left. (1) 

3.2.4 INCORRECT  

 

EITHER There are more particles with Ek ≥ Ea.  

OR         There will be the same number of collisions per unit time.  

∴ there will be more effective collisions per unit time.  

OR        There are not more particles.  

             The particles are not moving faster. 

 

 

 

 

(3) 

  19 

   

 Question 4  

4.1 Rate of change of concentration (of P) . OR 

The change in concentration (of P)  per unit time/per second.  

(2) 

4.2 10 s Gradient (of the tangent) at 10 s is greater than that at 30 s.  OR/OF 10 s The graph has a 

steeper slope at 10 s than at 30 s . 

(2) 

4.3 0,27 mol∙dm-3 (1) 

4.4 At  = 0 s:  

c = 
n

𝑣
    

0,27 = 
n

2
    

   n = 0,54 mol 

At = 10 s  

     c = 
n

𝑣
 

   0,15  = 
n

2  
  

    n   = 0,3 mole   

       rate = 
0,30− 0,54

10− 0  
 

Rate = - 0,024 mol∙s-1 / 0,024 mol∙s-1  

 

(5) 

4.5 More molecules with sufficient / enough kinetic energy.  More effective collisions per unit time.  (2) 
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  [13] 

Question 5  

5.1 temperature  (1) 

5.2 Rate of reaction  (1) 

5.3 Rate = gradient of graph 

Rate of reaction = 
∆V

∆t
 

                    = 
60− 0

30− 0  
 

                          = 2 cm3·s-1
 

(3) 

5.4  Less than  (1) 

5.5  The rate of change (or gradient) is less (1) 

5.6  decrease  (1) 

5.7 As the surface area increases, there are more particles available for reacting.  Thus there will be 

more collisions per second, and thus a greater number of effective collisions per second  and thus 

the reaction rate will increase.  

(3) 

5.8 n(Mg) = m/M = 20/24 

= 0,833 moles  

n (H2SO4) =c x V  

                 =1 x0,1 =0,1 moles  

0,1 moles of Mg will react with 0,1 moles of sulphuric acid 

             n(Mg) left = 0,83-0,1 moles 

                             = 0,733 moles  

   thus mass of Mg = n x M  

                               = 0,733 x 24  

= 17,6 g   

 

Alt. Method  

24 g Mg  reacts with 1 mol H2SO4 

 xg → 0,1 mol x = 2,4 g 

mass left = 20-2,4 

 = 17,6 g 

 

 

5.9 A substance that increase the rate of a chemical reaction without undergoing  (2) 

  [13] 

Question 6  

6.1 Change in concentration  of products/reactants per (unit) time.  (2) 

6.2.1 Rate of the reaction (1) 

6.2.2 Reaction rate increases with increase in concentration.    (2) 

6.3.1 Activation energy/(The boundary line for the) molecules with (adequate) kinetic energy to make 

effective collisions.  

(1) 
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6.3.2 B  (1) 

6.4  At a higher temperature particles move faster/have a higher kinetic energy.  

 More molecules have enough/sufficient (kinetic) energy.  OR 

 More effective collisions per unit time/second./Increased frequency of effective collisions.  

 Reaction rate increases.  

(4) 

6.5 Curve Y/it was obtained for the reaction where a catalyst was added.  (1) 

  12 

Question 7  

7.1 Change in concentration  of products/reactants per (unit) time.  (2) 

7.2  Time  

 Volume of gas /CO2/carbon dioxide 

(2) 

7.3 Experiment II  

 More (HCℓ) particles per unit volume./More particles with correct orientation.  

  More effective collisions per unit time./Higher frequency of effective collisions.  

 Higher reaction rate.  OR 

Experiment I: 

  Less (HCℓ) particles per unit volume.  

  Less effective collisions per unit time./Lower frequency of effective collisions.  

  Lower reaction rate.  

(3) 

7.4 Average rate  = ­
∆n

∆t
 

1,4x10  = ­
nf ­ 0,016

2,5 ­(­0)
 

n[Aℓ2(CO3)3] = 0,005 (mole)  

(3) 

7.5 n(CO2) = 3n[Aℓ2(CO3)3 

            = 3(0,016)  

            = 0,048 mole  

n(CO2)   = 
𝑉

𝑉𝑚
 

            V = (0,048) (24000) 

      V(CO2) =1152cm3 (1.152 dm3) 

 

(3) 

  [13] 

Question 8  

.81 Change in concentration of products/reactants  per (unit) time.  (2) 

8.2.1 Surface area/State of division  (1) 

8.2.2 Amount/mass of magnesium /Concentration of HCℓ/acid/(Initial) temperature (1) 

8.3 ∆𝑚(𝑀𝑔) = 2,6 − 0,2 

               =2,4g 

n(Mg used) = 
𝑚

𝑀
  

(5) 

Downloaded from Stanmorephysics.com



30 
 

 

 

 

 

Question 9  

9.1 Exothermic, because    H < 0/Energy is released (1) 

9.2 rate = −
∆𝑚

∆𝑡
        

       = 
0.25−2

30
 

       = 0,06 (g·s-1)   (0,0583 g·s-1) 

(3) 

9.3 Marking guidelines  

•Calculate: m(CaCO3) reacted / of V(CO2) produced/Substitute: 100 g∙mol-1.  

•USE mole ratio: n(CO2) : n(CaCO3) = 1 : 1  

•Final answer: 0,18 dm3 (0,1792 dm3) 

 m(CaCO3) =
40

100
 × 2    

                  = 0,8 g  

n(CaCO3) reacted = 
𝑚

𝑀
 

                       =
0.8

100
   

                      = 8 x 10-3 mol  

n(CO2) = n(CaCO3)  

            = 8 x 10-3 mol  

 

V(CO2) = 8 x 10-3 x 22,4                = 0,18 dm3  

 

(5) 

9.4 ANY ONE:  (1) 

                  = 
2,4

24
 

              n(H2) = n(Mg ) = 0,1 mol  

                V(H2) = n.Vm   = (0,1) (25)  

              =2,5dm3 
 

 

 

8.4 • Larger surface area/state of division.  

 • More particles (per volume) with correct orientation.  

 • More effective collisions per (unit) time. /Frequency of effective collisions increases. /More 

particles collide with sufficient kinetic energy & correct orientation per (unit) time.  

(3) 

  [17] 
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• Concentration (of acid) P  

• Size/mass of tablet/Identical tablet /Type of tablet.  

• State of division / Surface area.                         

9.5 Criteria for conclusion 

Dependent [(reaction) rate/time] and independent (temperature) variables correctly identified. 

 

Relationship between the independent and dependent variables correctly stated. 

Examples 

 Reaction rate (
1

𝑡
) increases with increase in temperature. Time 

 Reaction rate (
1

𝑡
) decreases with decrease in temperature. Time 

IF: Reaction rate is DIRECTLY proportional to temperature: max =
1

2
 

 Time taken  for reaction decreases when temperature increases  

 Time taken for reaction increases when temperature decreases.     

   

(2) 

9.6 Increase in temperature increases the average kinetic energy/molecules move faster.  

 

More molecules have enough/sufficient kinetic energy/More molecules have  

Ek > Ea.    

More effective collisions per unit time/second. /Frequency of effective collisions increases.  

  

(3) 

9.7 Marking guidelines  

 For each value of temperature, the CURVE Y must be above the given CURVE.   

 CURVE Y must have an increasing rate with an increase in temperature.  

 

 

 

 

 

 

                                    Temperature (°C) 

(2) 

  18 

Question 10  

10.1.1 Exothermic Lower (potential) energy of the products than the reactants / More energy is 

released than absorbed/∆𝐻 < 0. 

(2) 

10.1.2 The number of particles with sufficient /enough kinetic energy (with a catalyst) OR 𝐸𝑘 ≥ 𝐸𝐴 

(which can undergo effective collision. 

(1) 

10.1.3 240,8 − 208,2 = 32,6 𝑘𝐽 (2) 

10.2.1 Decreases (1) 

10.2.2 Remain the same (1) 
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10.2.3 Remain the same  (1) 

10.3.1 Concentration (sulfuric acid/ H2SO4) (1) 

10.3.2  More (H2SO4) particles per unit volume. 

 More effective collision per unit time. / Higher frequency of effective collisions. 

 Higher reaction rate. 

OR 

 Less (H2SO4) particles per unit volume. 

 Less effective collisions per unit time. / Lower frequency of effective collisions. 

Lower reaction rate. 

 

(3) 

10.3.3 
𝑟𝑎𝑡𝑒 =  

∆𝑉𝐻2

∆𝑡
   

40 =
∆𝑉𝐻2

2,6(60)
 

 𝑉(𝐻2) = 6240 𝑐𝑚3      

𝑛(𝐻2) =  
𝑉

𝑉𝑚

 

=
6 240

27 000
 

= 0,23𝑚𝑜𝑙.   

𝑛(𝐴𝑙) =  
2

3
𝑛(𝐻2)     

𝑛(𝐴𝑙) =
2

3
(0,23) 

         = 0,15𝑚𝑜𝑙   

       𝑛(𝐴𝑙) =
𝑚

𝑀
    

0,15 =
𝑚

27
      

   𝑚 = 4,05𝑔    

       %𝑝𝑢𝑟𝑖𝑡𝑦 =
4,05

5
(100) 

       = 81%        

 

(6) 

    [18] 

Question 11  

1.1 Reaction rate is the change in concentration of reactants or products per unit time.  (2) 

11.2 Concentration  (1) 

11.3 An increase in concentration will/will not increase the rate of reaction  (2) 

11.4 Surface Area  (1) 

11.5 
𝑛 =  

𝑚

𝑀
 =

6.5

65
 = 0,1 𝑚𝑜𝑙 

(3) 

11.6 Convert: 0,08 mol to 5,2 g,    (5) 
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Averate rate = − 
∆𝑚

∆𝑡
  

           0,15 = − 
0 − 5,2

B − 5
 

                B = 39,67 s  

11.7 

 

(3) 

 

 

 

 

 

 

 

 

 

  [17] 

Question 12  

12.1 Temperature  

12.2 NOTE 

Give the mark for per unit time only if in context of reaction rate.  

ANY ONE   

 Change in concentration  of products/reactants per (unit) time.  

 Change in amount/number of moles/volume/mass of products or reactants per 

(unit) time. 

 Amount/number of moles/volume/mass of products formed/reactants  used per 

(unit) time. 

 Rate of change in concentration/amount/number of moles/volume/mass.   

(2) 

12.3 14 (min) (1) 

12.4.

1 

Graph/ B    

- (Experiment 3) has the highest (acid) concentration/more particles/higher number of moles.  

(2) 

12.4.

2 

(Graph) C    

(Experiment 5) is at highest temperature/more particles with sufficient kinetic energy/HCℓ is at 

35oC  

(2) 

12.5.

1 

Speeds up the reaction. /Increases the reaction rate./Provides alternate pathway./Lowers the (net) 

activation energy.  

(1) 

12.5.

2 

Equal to  (1) 

10.6 (Zn)=
𝑚

𝑀
     = 

1,5

65
       = 0,023 mole 

rate=− 
∆𝑛

∆𝑡
= −

0−0,023

14−0
 = 1,63X10-3 (mol.min-1 )  

(4) 

Marking guideline for graph 

 Start by A 

 Gradient larger/dotted line 

below 

 Finish before B 
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Question 13  

13.1 ONLY ANY ONE OF:    

Change in concentration of products / reactants  per (unit) time.  

 Rate of change in concentration.   

        •Change in amount / number of moles / volume / mass of products or reactants per (unit) 

time.   

       •Amount / number of moles / volume / mass of products formed or reactants used per (unit) 

time.   

(1) 

13.2.

1 

Temperature (1) 

13.2.

2 

Rate of reaction / Volume of gas (formed) per (unit) time  (1) 

13.3 Larger mass / amount / surface area.   

•More effective collisions per (unit) time. / Frequency of effective collisions increase. / More 

particles collide with sufficient kinetic energy & correct orientation per (unit) time. 

(3) 

13.4 marking criteria:  

Compare Exp.1 

with Exp. 2:  

The reaction in exp. 1 is faster in exp. 1 than in exp. 2 due to the higher acid 

concentration.  

(1) 

 Therefore, the gradient of the graph representing exp. 1 is greater / steeper than that 

of exp. 2. / Graph of Exp. 1 reaches constant volume in shorter time than exp. 2.   

(1) 

Compare  

Exp. 1 with Exp 

3 & 4:  

 

The reaction in exp. 3 is faster than that in exp. 1 due to the higher temperature. 

The reaction in exp. 4 is faster than that in exp. 1 due to the higher temperature / 

larger surface area.  

Graph A represents exp. 4 due to the greater mass of CaCO3 - greater yield of CO2 at 

a faster rate. 

Therefore, the gradient of the graphs of exp. 3 & 4 are greater/steeper than that of 

exp. 1. / Graphs of Exp. 3 & 4 reaches constant volume in shorter time than exp. 1. 

(1) 

 

 

(1) 

 

 

 

(1) 

Final answer  C  (1) 

13.5 n(CO2) =  
𝑉

𝑉m
 = 

4,5

25,7
         

                  = 0,18 mol  (0,175 mol)    

n(CO2) = n(CaCO3 )     Ratio 1:1 

m(CaCO3) =(0,18)(100)   =18g (17,5g) 

m(CaCO3 not reacted): 25 – 18,00  = 7,00 g    (7,49 g)  

(Accept range:  7,00 g – 7,5 g)  

 (5) 
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  [18] 

 

 

Chemical Equilibrium 

SOLUTIONS  
CHEMICAL EQUILIBRIUM  
    
Multiple choice  
1.1 C  

1.2 B  

1.3 A  

1.4 B  

1.5 D [10] 

   

QUESTION 1  

1.1.1 When the equilibrium in a closed system is disturbed, the system will re-instate a new equilibrium 

by favouring the reaction that will cancel/oppose the disturbance.   

(2) 

1.1.2 (Mass) decreases.  (1) 

1.1.3  Decrease in amount of OH- ions/ concentration of OH- ions, favoures the reaction that 

increases the amount /concentration of OH- ions.  OR Acid/HCl/H+ reacts with OH- ions.  

 The forward reaction is favouredOR The amount/concentration of the products 

increases. 

 

 
 
(2) 

1.2.1 Endothermic  (1) 

1.2.2  With an increase in the temperature the Kc value increasesThe concentration of the 

products increases. OR Concentration of reactants decreases. OR The forward reaction 

is favoured.  

 (According to Le Chatelier’s principle) an increase in temperature favours the endothermic 

reaction.  

 

 
 
 
(3) 

1.2.3 CALCULATING USING THE NUMBER OF MOLES 

 Marking Criteria: 

(a) Calculate number of moles NH4HS (
70

51
)  OR 1.37 moles 

(b) USING RATIO: NH4HS: NH3: H2S : = 1:1:1  

(c) Calculate c(NH3) and c(H2S) at equilibrium (divide equilibrium moles by 3)  

(d) Correct Kc expressionSubstitute Kc = 18 x10-
 

(e) n(NH4HS)eq = n(NH4HS)in – n(NH4HS)changeSubstitute 51 in n = 
𝑚

𝑀
 P 

(f) Correct final answer: m= 5,61 g 

Range: 4,96g – 5,74g 

OPTION 1 

 

n= 
𝑚

𝑀
 

  = 
70

51
   NH4HS(s) NH3(g) H2S(g) 

Initial amount (mol) 1,37 0 0 

Change (mol) x x x  

Equilibrium amount (mol) 1,37-x x x 

Equilibrium 

concentration(mol.dm-3) 

 𝑥

3
 

𝑥

3
  

 

(8) 
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Kc = [NH3] [H2S]  

18 x10-2 = (
𝑥

3
 )2 

            x= 1,27 

n(NH4HS) aq= 1,37 – 1,27 

                   = 0,1 mol 

m(NH4HS) eq = nM 

                     = 0,1 x 51 

                     = 5,1 g 

 

 Option 2 

n= 
𝑚

𝑀
 

 = 
70

51
          KC = [NH3][H2S]  

                   18 x10-2 = x2  

                       X = 0,42 

 

 NH4HS(s) NH3(g) H2S(g) 

Initial amount (mol) 1,37 0 0 

Change (mol) 1,26 1,26 1,26  

Equilibrium amount (mol) 0.11 1,26 1,26 

Equilibrium 

concentration(mol.dm-3) 

 0,42 0,42 

 

 

m(NH4HS) aq = nM OR m(NH4HS) change = nM 

                    = 0,11 x 51  = 1,26 x 51 

                     = 5,61g   = 64,26g 

                              m(NH4HS) eq =70 - 64,26 

                                               = 5,74 g 

 

   
QUESTION 1  

1.1.1 When the equilibrium in a closed system is disturbed, the system will re-instate a new equilibrium 

by favouring the reaction that will cancel/oppose the disturbance.   

(2) 

1.1.2 (Mass) decreases.  (1) 

1.1.3  Decrease in amount of OH- ions/ concentration of OH- ions, favoures the reaction that 

increases the amount /concentration of OH- ions.  OR Acid/HCl/H+ reacts with OH- ions.  

 The forward reaction is favouredOR The amount/concentration of the products 

increases. 

 

 
 
(2) 

1.2.1 Endothermic  (1) 

1.2.2  With an increase in the temperature the Kc value increasesThe concentration of the 

products increases. OR Concentration of reactants decreases. OR The forward reaction 

is favoured.  

 (According to Le Chatelier’s principle) an increase in temperature favours the endothermic 

reaction.  

 

 
 
 
(3) 

1.2.3 CALCULATING USING THE NUMBER OF MOLES 

Marking Criteria: 

(g) Calculate number of moles NH4HS (
70

51
)  OR 1.37 moles 

(h) USING RATIO: NH4HS: NH3: H2S : = 1:1:1  

(i) Calculate c(NH3) and c(H2S) at equilibrium (divide equilibrium moles by 3)  

(j) Correct Kc expressionSubstitute Kc = 18 x10-
 

(k) n(NH4HS)eq = n(NH4HS)in – n(NH4HS)changeSubstitute 51 in n = 
𝑚

𝑀
 P 

(l) Correct final answer: m= 5,61 g 

Range: 4,96g – 5,74g 

(8) 
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OPTION 1 

 

n= 
𝑚

𝑀
 

  = 
70

51
   NH4HS(s) NH3(g) H2S(g) 

Initial amount (mol) 1,37 0 0 

Change (mol) x x x  

Equilibrium amount (mol) 1,37-x x x 

Equilibrium 

concentration(mol.dm-3) 

 𝑥

3
 

𝑥

3
  

 

Kc = [NH3] [H2S]  

18 x10-2 = (
𝑥

3
 )2 

            x= 1,27 

n(NH4HS) aq= 1,37 – 1,27 

                   = 0,1 mol 

m(NH4HS) eq = nM 

                     = 0,1 x 51 

                     = 5,1 g 

 

 Option 2 

n= 
𝑚

𝑀
 

 = 
70

51
          KC = [NH3][H2S]  

                   18 x10-2 = x2  

                       X = 0,42 

 

 NH4HS(s) NH3(g) H2S(g) 

Initial amount (mol) 1,37 0 0 

Change (mol) 1,26 1,26 1,26  

Equilibrium amount (mol) 0.11 1,26 1,26 

Equilibrium 

concentration(mol.dm-3) 

 0,42 0,42 

 

 

m(NH4HS) aq = nM OR m(NH4HS) change = nM 

                    = 0,11 x 51  = 1,26 x 51 

                     = 5,61g   = 64,26g 

                              m(NH4HS) eq =70 - 64,26 

                                               = 5,74 g 

 

   
QUESTION 2  

2.1 Add more reactants/increase the amount/mols/concentration of the reactants.  

OR 

Remove some of the products/ decrease the amount/mols/concentration of the products. 

OR 

Decrease in pressure 

 

2.2 Marking criteria 

 Correct calculate 70.59% of 5= 3.53 Correct 

 Using the correct mol ratio Calculating the quantity (mol) at equilibrium of all three 

substances  
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 Using the Concentration of Q2 at equilibrium and the number of mols of A2 at equilibrium 

in the equation c = n/v to calculate the volume of the container.  

 Calculating the equilibrium concentrations of the reactants 

 Kc expression 

 Correct substitution of equilibrium concentrations into Kc expression 

 Kc =5,09  

 

 

 A2Q A2 Q2 

Initial amount (mol) 5 0 0 

Change (mol) 3,53 3,53 1,765  

Equilibrium amount (mol) 1,47 3,53 1,765  

Equilibrium 

concentration(mol.dm-3) 

0,735 1,765 0,8825 

 

 

 

 

         C = 
𝑛

𝑣
  

 0.8825 =
1,765

𝑣
  

         V =2 dm3 

 

Kc = 
[A2]2 [Q2]

[A2Q]2   

     = 
(1,764)2(0,8825)

(0,735)2   

      = 5,09  

 

2.3 The rates of the forward and reverse reaction do not increase equally.  (1) 

2.4 When the equilibrium in a closed system is disturbed, the system will re-instate a new equilibrium 

by favouring the reaction that will oppose the disturbance.  

 

(2) 

2.5 GREATER THAN  (1) 

2.6 The rate of the forward reaction decreases less than the rate of the reverse reaction.  

The forward reaction is favoured. 

Concentration of the products increases while the concentration of the reactants decreases.  

 

 

 

(3) 

   

   

QUESTION 3  

3.1 Yes,  the concentrations of the reactants and products remain constant (2) 

3.2.1 Concentration N2 increases OR N2 was added  (2) 

3.2.2 Temperature was increased (2) 
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3.3.1 Increase  (1) 

3.3.2 The concentrations of the reactants and products increased.  (2) 

3.3.3 The system will react to increase the pressure by forming more gas molecules. OR A decrease in 

pressure favours a reaction producing more moles of gas. The reverse reaction will be favoured the 

concentration of NH3 will decrease 

 

 
(3) 

3.4 t1 and / t2  (2) 

   

3.5.1 Option 1 

n(NH3)= 
𝑚

𝑀
 = 

20,4

17
 = 1,2 mol OR give two marks in table for 1,2 mol 

 

 N2 H2 NH3 

Mol ratio 1 3 2 

Initial amount (mol) 5 5 0 

Change (mol) 0,6 1,8 1,2 

Equilibrium amount (mol) 4,4 3,2 1,2 

Equilibrium 

concentration(mol.dm-3) 

0,88 0,64 0,24 

 

 

kc= 
[𝑁𝐻3]2

[𝑁2][𝐻2]3    = 
(0,24)2

(0,88)(0,64)3    =0.25  

(9) 

3.5.2 The Kc value will remain the same. Only temperature changes will influence the Kc value.  (2) 

   

QUESTION 4  

4.1 (The stage in a chemical reaction when the) rate of the forward reaction equals the rate of the 

reverse reaction.  

OR 

(The stage in a chemical reaction when the) concentrations of reactants and products remain 

constant.  

 

 

 

 

(2) 

4.2 Exothermic  

∆H < 0 OR ∆H is negative  

 

(2) 

4.3.1 Remains the same  (1) 

4.3.2      Decrease 

 

       

• When the temperature is increased the reaction that will oppose this increase/decrease the 

temperature will be favoured. 

OR 

• The forward reaction is exothermic  

• An increase in temperature favours the endothermic reaction.  

• The reverse reaction is favoured.  

 

 

 

 

 

 

 

 

(4) 

4.4 Any THREE:  

• Decrease temperature  

• Increase pressure  

• Increase concentration of both/any one of reactants.  

• Remove SO3 continuously  

 

 

 

 

(3) 

4.5 CALCULATIONS USING MOLES  

Mark allocation:  

• Change in n(SO3) = 0,2 (mol)  

• Ratio n(SO2) : n(O2) : n(SO3) = 2 : 1: 2  
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• n(SO2) at equilibrium = initial + change  

• n(O2) at equilibrium = initial + change  

• Divide three equilibrium amounts by 2 (calculation of concentration)  

• Kc expression 

• Substitution into Kc expression 

• Final answer = 0,21  

 

 

 

 

OPTION 1 

Amount of SO3 reacted = 0,2 mol  

n(SO2 formed) = 0,2 mol  

n(O2 formed) = ½ n(SO3 formed) = 0,1 mol  

At equilibrium: n(SO2) = 0,6 + 0,2 = 0,8 mol  

n(O2) = 0,5 + 0,1 = 0,6 mol  

  

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 OPTION 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

(8) 

  [20] 

QUESTION 5  

5.1 When the equilibrium in a closed system is disturbed, the system will re-instate a new equilibrium 

by favouring the reaction that will oppose the disturbance.    

 

(2) 

5.2.1 NegativeP (1) 

5.2.2 • Increase in temperature favours an endothermic reaction.                              ACCEPT: 

Decrease in temperature favours an exothermic.  

• Reverse reaction is favoured./Concentration of reactants increases./  Concentration of products 

decreases• (Forward) reaction is exothermic.P 
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Accept: Reverse reaction is endothermic.   

(3) 

5.2.3 CALCULATIONS USING NUMBER OF MOLES  

Marking criteria:  

a) Initial n(P) and n(Q2) and n(PQ) from table.  

b) Change in n(P) = equilibrium n(P) – initial n(P). 

c) USING ratio: P : Q2 : PQ = 2 : 1 : 2  

d) Equilibrium n(Q2) = initial n(Q2) + change in n(Q2)  

   Equilibrium n(PQ) = initial n(PQ) - change in n(PQ)  

e) Divide equilibrium amounts of P and Q2 and PQ by 2 dm3.  

f) Correct Kc expression (formulae in square brackets).  

g) Substitution of equilibrium concentrations into Kc expression.  

h) Final answer: 10,889 

 

   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(8) 

5.2.4 Remains the sameOnly temperature can change Kc./Temperature remains constant.   

(2) 

5.3.1 Increases  (1) 

5.3.2 Decrease  (1) 

  [18] 

   

QUESTION 6  

6.1.1 Reversible  (1) 

6.1.2 Higher than  (2) 

6.1.3 Equal to  (1) 

6.2 A At a given temperature the yield of NH3 is the highest (in graph A) Increase pressure favours 

reaction which produces less gas moles 

Forward reaction is favoured P 

 

 

 

(4) 

6.3 Marking criteria:  

(a) Calculating the initial number of moles of both reactants  

(b) Calculating change in mols of I2 (2,5 -1,45)  

(c) Correct mole ratio  

(d) Calculating the quantity(mol) at equilibrium of all H2 and HI substances  
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(e) Substitute V = 1,5 dm3 to determine concentration at equilibrium of all  

the substances.  

(f) Kc expression  

(g) Substitution into Kc expression  

(h) Final answer 4,30  

   

 

 

 

 

 

 

 

 

 

 

 

 
(8) 

  [16] 

   
QUESTION 7  
7.1 An open system is the one in which mass or energy can be transferred into or out of the system 

during a reaction.  

                                                         OR 

An open system is the system that continuously interacts with its environment.  

 

 

 

 

(2) 

7.2 Remains constantCarbon is a solid, concentration of solids = 1  

(2) 

7.3                             

 

 

 

 

 

 

(2) 
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7.4 OPTION 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

OPTION 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(9) 

   

   

7.5.1 Remains the same  (1) 

7.5.2 Decreases  (1) 

7.5.3 Increases  (1) 

  [18] 

   

QUESTION 8  
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8.1 To prevent gases from escaping (2) 

8.2.1 Higher than   (1) 

8.2.2 Equal to  (1) 

8.3.1 NO2(g) added  (1) 

8.3.2 Decrease in pressure  (1) 

8.4 IncreasesAn increase in temperature favours the endothermic reaction.    

The forward reaction is endothermic. / The forward reaction is favoured.  

 

 

(3) 

8.5  

 

 

(7) 

  [16] 

   

 

 

Acids and Bases 

ACIDS AND BASES 

SOLUTIONS 

QUESTION 1  

1.1 A (2) 

1.2 B (2) 

1.3 D (2) 

1.4 C (2) 

1.5 B (2) 

  [10] 

   

QUESTION 2  

2.1.1 An acid that ionises completely in water to form a high concentration of hydronium 

ions.  

 

(2) 

2.1.2 No.  

It does not ionise completely  (It ionises partially/ [H3O+] < [HF]) 

 

(2) 

2.1.3 kw = [H3O+] [OH-] = 1 x 10-14  

0, 018 x [OH-] = 1 x 10-14  

[OH-] = 5, 56 x 10-13 mol.dm-3.  
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(3) 

2.2.1 An acid solution that contains a small amount of acid in proportion to the volume of 

water.  

 

(2) 

2.2.2 Smaller than.  (1) 

2.2.3 pH= -log [H3O+] 

12, 56 = - log [H3O+]  (Or [H3O+] = 10-12,56) 

[H3O+] = 2, 75 x 10-13mol.dm-3 

[ H3O+] [OH-] = 1x10-14 

2, 27x10-13x[OH-] = 1x10-14  

[OH-] = 0, 0363 mol.dm-3 

[NaOH] = [OH-] = 0, 0363 mol.dm-3. 

n = c.v = 0, 0363 x 0, 037 = 0, 0013431 mol. 

H2SO4: 

n = c.v = 0, 10 x 0, 012 = 0, 0012 mol. 

Ratio: NaOH:H2SO4 is 2: 1 

n(NaOH)= 2 x 0, 0012 = 0, 0024 mol.  

Total n of NaOH = 0, 0013431 + 0, 0024 = 0, 0037431 mol. 

m = n.M = 0, 0037431 x 40  

m= 0, 15 g  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(8) 

  [18] 

   

QUESTION 3  

3.1 A base that dissociates completely in water to form a high concentration of 

hydrogen ions.  

 

(2) 

3.2.1 n = c.V = 0, 15 x 0, 02  

n = 0, 003 mol.  

 

 

(3) 

3.2.2 Ratio: HNO3:Ba(OH)2 is 1:2 

n(Ba(OH)2) = 2 x 0, 003 = 0, 006 mol.  

HNO3: 

c = 
0,006

0,025
 = 0, 24 mol.dm-3 

[H3O+] = [HNO3] = 0, 24 mol.dm-3 

pH = - log [H3O+] = - log (0, 24)  

      = 0, 62  

 

 

 

 

 

 

 

 

 

 

(5) 

3.3 HNO3: 

n = c.V = 0,4 x 0, 025  = 0, 01 mol.  

n of HNO3 reacted: 0, 01 – 0, 006 = 0, 004 mol. 

Ratio: HNO3:MCO3 

n(MCO3) = ½ n(HNO3) = ½ x 0, 004 = 0, 002 mol 

m(MCO3) = 
85

100
 x 0, 198 = 0, 168 g 
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m = n. M 

0, 168 = 0, 002 x M  

M = 84 g.mol-1 

Molar mass of M = 84 – 60 = 24 g.mol-1 

M is Magnesium (Mg)  

 

 

 

 

 

 

 

(8) 

  [18] 

   

QUESTION 4  

4.1.1 It ionises completely in water.  (1) 

4.1.2 NO3
- (Nitrate ions)  (1) 

4.1.3 pH = - log [H3O+] = - log (0, 3)  

     = 0, 52  

 

 

(3) 

4.2.1 n = c.V = 2 x 0, 1 = 0, 2 mol.  (3) 

4.2.2 Burette  (1) 

4.2.3 B.  

Titration of a strong acid and a strong base.  

 

(3) 

4.2.4 The number of moles of the acid in the flask remains the same.  (1) 

4.2.5 n = c.V = 0, 2 x 0, 021 = 0, 0042 mol.  

n(HCl) = n(NaOH) = 0, 0042 mol.  

 

(3) 

4.2.6 n(HCl reacted) = 0, 2 – 0, 0042 = 0, 1958 mol. 

Ratio: MgO:HCl is 1:2 

n(MgO) = ½ 0, 1958 = 0, 0979 mol 

m = n.M = 0, 0979 x 40 = 3, 916 g 

% purity = 
3,916

4,5
 x 100 = 87, 02%  

 

 

 

 

 

(5) 

  [21] 

   

QUESTION 5  

5.1.1 An acid that donates two hydrogen ions.  (2) 

5.1.2 H2O2  and (COO)2
2-  (2) 

5.1.3 HC2O4
-  (1) 

5.2 It ionises partially in water.  (1) 

5.3 n = c.V = 0, 2 x 0, 25 = 0, 05 mol. 

m = n.M  = 0, 05 x 90 = 4, 5 g  

 

(4) 

5.4.1 Option 1 

(COOH)2:  

n = c.v  

 = 0, 2 x 0, 025  = 0.005 mol. 

n(NaOH) = 2 x n(C2O4H2)  

           = 2 x 0, 005 = 0, 01 mol 

Option 2 

ca x va

cb x vb
 = 

na

nb
  

0,2 x 25 

cb x 36 
 = 

1

2
  

Cb = 0, 28 mol.dm-3  
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NaOH: c = 
𝑛

𝑉
 = 

0,01

0,036
   

c = 0, 28 mol.dm-3  

 

 

 

(5) 

5.4.2 (COO)
2

2-
 (aq) + 2H2O (l)  ⇌ (COOH)2(aq) + 2OH-(aq)   bal.  (3) 

  [18] 
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