
 

2018 A level H2 Chem Paper 4 Answer 



 

Expt VFA1 / cm3 Vwater / cm3 t / s 1/t / s−1 lg(1/t) lg(VFA1) 
1 25.00 0.0 27.9 0.0358 −1.45 1.40 
2 22.50 2.5 30.2 0.0331 −1.48 1.35 
3 20.00 5.0 34.0 0.0294 −1.53 1.30 
4 17.50 7.5 38.9 0.0257 −1.59 1.24 
5 15.00 10.0 45.7 0.0219 −1.66 1.18 

 

Note: Measuring cylinder is used for distilled water hence precision is up to 0.5cm3. 



 



 

Gradient = 
(−1.400)−(−1.730)

1.450−1.100
 = 0.943 

Rate = k[S2O3
2−]x[HCl]y, Rate ∝ 

1
𝑡
 and [S2O3

2−] ∝ VFA1  

1
𝑡
 = k (VFA1)x[HCl]y 

lg(
1
𝑡
) = x lg(VFA1) + lgk + ylg[HCl] 

gradient of lg (
1
𝑡
) vs lg(VFA1) graph is the order w.r.t S2O3

2− 

0.943 
 
First order 
 

t will increases 
 
The water left in the flask would lead to dilution of the reactants. With lower 
concentration of reactants, rate of reaction decreases and a longer time is 
required to produce the fixed amount of sulfur solid. 
 

We would need to know the amount of thiosulfate left in the reaction mixture when the fixed 
amount of sulfur solid is produced to make the solution opaque. This would allow us to find 
the change in [S2O3

2−]. 
 



 

8 S2O3
2− → S8 + 8 SO3

2− 

H+ acts as a catalyst in the reaction. It is reacted in step 1 and regenerated in step 9  



 



 

 

Average vol of FA1 used = 
24.80+24.80

2
 = 24.80 cm3 

 

24.80 cm3 
 



 

6.30 g 
 

Percentage by mass of Cu in alloy = 
6.299
11.54

 × 100% = 54.6% 

 

54.6% 
 

2.02 : 1 
 

1) Reduction of Cu2+ to Cu+ 

2) Precipitation of CuI from Cu+ and I− 

3) Lewis acid-base reaction of I2 + I− to give I3
− 

Any two of the above 
 



 

The acids present in FA2 would react with Na2CO3(aq) to give effervescence of CO2(g). 

When Na2CO3 is in slight excess, a white ppt of metal carbonate is produced. 

When CH3COOH (aq) is added dropwise, the metal carbonate dissolves due to acid-
carbonate reaction that also gives effervescence of CO2(g)  
 

The acids present in FA2 would react with S2O3
2− to give sulfur solid (Reaction in 

experiment 1, kinetics). 

If the acids are not removed, more S2O3
2− would be required to completely react 

with the I2 and H+ present and this would lead to larger titre values. 
 



 

White ppt, soluble in excess NaOH(aq) 
to give a colourless solution 

White ppt, soluble in excess NH3 (aq) 
to give a colourless solution 

White ppt CuI dissolves in NH3(aq) to 
give a colourless filtrate that turns dark 
blue rapidly. 

 

When H2SO4(aq) is added dropwise, 
pale blue ppt is formed. 

When more H2SO4(aq) is added, the 
pale blue ppt turns into a brown 
suspension.  

Upon leaving to stand, we can observe 
white ppt in the brown solution. 



 

When H2SO4(aq) is added to the brick 
red solid Cu2O, a blue solution and a 
pink solid is formed 

FA5 is a blue solution. 

Pale blue ppt, insoluble in excess 
NaOH(aq) 

Pale blue ppt, soluble in excess 
NH3(aq) to give a dark blue solution 

Zinc 
 Zn2+(aq) gives white ppt of Zn(OH)2 with NaOH(aq) and dissolves in excess 

NaOH(aq) to give colourless solution of [Zn(OH)4]2−. 

Zn2+(aq) gives white ppt of Zn(OH)2 with NH3(aq) and dissolves in excess 
NH3(aq) to give colourless solution of [Zn(NH3)4]2+. 

 
 

CuI white ppt reacts NH3 to give colourless filtrate [Cu(NH3)2]+ that is rapidly oxidized by 
O2 in the air to give dark blue [Cu(NH3)4]2+. 

When H2SO4 is added slowly, pale blue ppt Cu(OH)2 is formed. 

In excess H2SO4, Cu(OH)2 dissolves to give blue solution [Cu(H2O)6]2+. Cu2+(aq) rapidly 
reacts with I− to give white ppt CuI and brown solution I2. 

 

 
 



 

Cu2O + H2SO4 → Cu + CuSO4 + H2O 
 

Cu2O undergoes acid base reaction with H2SO4 to give Cu+(aq) that undergoes 
disproportionation reaction to give blue Cu2+(aq) and pink Cu(s). 

Eo
cell

 = +0.52 – (+0.15) = + 0.37V > 0, the redox reaction is spontanoues. 
 



 

Thinking process: 
Add excess Zn to a Styrofoam cup (supported in a beaker) containing a suitable volume of 

CuSO4(aq). Measure and record the temperature over a period of time, before reaction 

starts, during reaction and for some time after the reaction is completed. 

Plot a Temp vs time graph and extrapolate the cooling part of the graph until time of mixing. 

 

Calculations: 

If 50cm3 of CuSO4 is used, amount of CuSO4 = 
50

1000
 × 1.00 = 0.05 mol  

Amount of Zn required = 0.05 mol 

Minimum mass of Zn required = 0.05 × 65.4 = 3.27 g 

 



 

Procedures: 

1 Weigh accurately about 4.0 g of Zn in a clean and dry weighing bottle. Record the mass in  
Table 1. (Zn is in excess) 

2 Place one polystyrene cup inside another polystyrene cup and place them in a 250cm3 beaker. 

3 Use a burette to measure 50.00 cm3 of 1.00 mol dm−3 CuSO4 into the polystyrene cup. 

(As CuSO4 is the limiting reagent, a precise measurement using burette is required)  

4 Gently stir the solution in the cup with a 0.2 C division thermometer. Read and record the 
temperature. Start the stopwatch (t = 0.0 min). The stopwatch must be left to run for the rest of 
the experiment. 

5 Continue to stir the solution and measure and record the temperature of CuSO4 solution 
every 0.5 min for 2.5 min in Table 2. 

6 At exactly 3.0 min, add Zn solid into the polystyrene cup. Stir the mixture but do not read T.  

7 Continue to stir the mixture, measure and record the temperature at 3.5 min, then every 0.5 
min after mixing until the temperature reaches a maximum. Continue to measure temperature 
every 0.5 min until the stopwatch reaches 10 min. Record the data in Table 3. 

8 Weigh and record the mass of the weighing bottle containing residual Zn powder. 

(To calculate the actual mass of Zn(s) used, and ensure that Zn added is in excess). 

9 Plot a temperature vs time graph using the data collected in Table 3. 

10 By extrapolation, estimate the maximum and minimum temperatures of the solution at the 
3rd minute. Record the temperatures as Tmax and T min respectively and calculate the temperature 
change, Tmax = Tmax − T min. 

11 To ensure reliability, repeat the experiment to obtain another value for Tmax.  

    Table 1     Table 2 

Mass of weighing bottle / g   Final burette reading / cm3  c 

Mass of Zn and weighing bottle / g  a  Initial burette reading / cm3 d 

Mass of residual Zn and weighing bottle / g b  Volume of CuSO4 added / cm3 c–d 

Mass of Zn added / g a–b    

Table 3 

Time/ min Temp/ C  Time/ min Temp/ C 

0.0 
 

 3.0 - 

0.5 
 

 3.5  

1.0 
 

 4.0  

1.5 
 

 4.5  

2.0 
 

 5.0  

2.5 
 

 5.5 
 

 



 

× 

× 

Tmax 

Tmin 

ΔTmax 

Extrapolate the following two best fit lines until the time at which Zn was added. 

• Temperature readings before Zn was added, extrapolate to 3 mins (Tmin) 

• Temperature readings after the reaction is completed, extrapolate to 3 mins 

(Tmax)  

ΔTmax = Tmax – Tmin  



 

q = maqcΔTmax where maq = mass of CuSO4(aq) and c = specific heat capacity of solution  

 

ΔH = − 𝑞
𝑚𝑜𝑙 𝑜𝑓 𝐶𝑢𝑆𝑂4

 

Note: CuSO4 is the limiting reagent 

Graphical method is likely to be more accurate as the heat lost to the environment is 
accounted for through the extrapolation of cooling curve back to the time of mixing.   
 



 


