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1 The aim of this experiment is to determine the relative formula mass of barium peroxide, BaO2. 

Solution R, which contains hydrogen peroxide, was prepared by adding dilute sulfuric acid to 
8.50 g of barium peroxide, filtering off the insoluble barium sulfate and diluting the resulting 
solution to 1.00 dm3. The equation for the reaction is shown below: 

BaO2(s) + H2SO4(aq)  BaSO4(s) + H2O2(aq) ----- equation 1 

The concentration of hydrogen peroxide in R can be determined by adding acidified aqueous 
potassium iodide and titrating the liberated iodine with aqueous sodium thiosulfate. The 
equations for the reactions are shown below: 

H2O2 + 2KI + 2H+  I2 + 2H2O + 2K+  ----- equation 2 

I2 + 2Na2S2O3  2NaI + Na2S4O6  ----- equation 3 

You are to determine the concentration of hydrogen peroxide in R and use this to determine 
the relative formula mass of barium peroxide. 

Q is 0.100 mol/dm3 sodium thiosulfate. 

Read all the instructions below carefully before starting the experiments in Question 1. 
 
Instructions 
 

 (a) Put Q into the burette. 

Pipette a 25.0 cm3 portion of R into a flask and add one full test-tube of dilute sulfuric acid 
followed by about one full test-tube of aqueous potassium iodide. The solution should turn 
red-brown. Do not add the starch indicator at this stage. 

Add Q from the burette until the red-brown colour fades to pale yellow, then add a few 
drops of the starch indicator. This will give a dark blue solution. Continue adding Q slowly 
from the burette until one drop of Q causes the blue colour to disappear, leaving a 
colourless solution. This is the end-point of the titration. 

Record your titration results in the space provided, repeating the titration as many times 
as you consider necessary to achieve consistent results. 

 

Results 

 

 

 

 

 

 

 

[5] 
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(b) From your titration results, obtain an average volume of Q to be used in your calculations. 
Show clearly how you obtained this volume.  
 
 
 
 
 
 

  average volume of Q …………………………. cm3 [1] 
   
 (c) Q is 0.100 mol/dm3 sodium thiosulfate. 

Use equation 3 to calculate the number of moles of iodine liberated. 
 
 
 
 
 
 
 

  number of moles of iodine …………………………. mol [1] 
   
 (d) Using your answer from (c) and equation 2, calculate the concentration in mol/dm3, of 

hydrogen peroxide in R. 

 

 

 

 

 

 

 
  concentration of hydrogen peroxide in R …………………………. mol/dm3 [2] 
   
 (e) R was prepared by adding dilute sulfuric acid to 8.50 g of barium peroxide and diluting 

the resulting solution to 1.00 dm3. 

Using your answer to (d), calculate the relative formula mass of barium peroxide. 

 

 

 

 

 

 

  relative formula mass of barium peroxide is …………………………. [2] 
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 (f) After rinsing the burette with distilled water, a student did not rinse her burette with Q, 
before performing the titration. State and explain the impact of this error on her titration 
results.  
 

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

 (g) Using oxidation numbers, show that equation 2 is a redox reaction.  
 

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

  [Total: 15] 
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2 (a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

You are provided with solid C. Carry out the following tests and record your observations 
in the table. You should test and name any gas evolved.  
 

test observations 
Test 1 
Place 2 spatulas of solid C in a 
clean test-tube. Heat the test tube 
strongly.  
 
 
 

 
 
 
 
 
 
 
 
 

Test 2 
Place half a spatula of solid C in a 
clean test-tube. Carefully add dilute 
sulfuric acid until the reaction is 
complete.  
Use a glass rod to stir the mixture. 
Keep the final solution for use in 
Tests 3 – 4. 
 

 
 
 
 
 
 
 
 

Test 3 
Place 1 cm depth of the solution 
formed in Test 2 in a clean test 
tube. Add aqueous ammonia slowly 
with shaking, until no further change 
is seen.  
 

 

Test 4 
Place 1 cm depth of the solution 
formed in Test 2 in a clean boiling 
tube. Add an equal volume of 
potassium iodide.  
 
Leave the mixture to stand for a few 
minutes to observe the colour(s) of 
the product(s) clearly. Keep the 
mixture for Test 5. 
 

 

Test 5 
To the mixture obtained in Test 4, 
add solution Q until the boiling tube 
is half-full. 
 

 
 
 
 
 
 
 
 

[9] 
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(b) You are provided with solution D. Carry out the following tests and record your 
observations in the table. You should test and name any gas evolved.  
 

Test observations 
Test 1 
Place 1 cm depth of solution D in a 
boiling tube and add sodium 
hydroxide slowly, with shaking, until 
no further change is seen.  
 
Add an aluminium strip and warm 
the mixture. 
 
 
 

 

Test 2 
Place 1 cm depth of solution D in a 
test-tube and add hydrochloric acid.  

 
 
 
 
 
 
 
 

[3] 
 

 (c) Deduce the formula of the compound in solid C. 
 
…………………………………………………………………………………………………...[2] 
 

 (d) Deduce the formula of the compound in solution D. 
 
…………………………………………………………………………………………………...[2] 
 

[Total: 16] 
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3 (a) All chemical reactions would involve the absorption of energy to break bonds and the release 
of energy when new bonds are formed. In a chemical reaction, a difference between the 
amounts of energy absorbed and released would result in an energy change. This usually takes 
the form of heat energy, which could register as a temperature rise or temperature drop of the 
reacting solution.  
 
When zinc powder is added to aqueous copper(II) sulfate, an exothermic reaction occurs.  
 

CuSO4(aq) + Zn(s)  ZnSO4(aq) + Cu(s) H < 0 
 
The maximum temperature change, Tmax, occurring during this reaction may be determined 
experimentally.  
 
In this question, you are to plan a procedure that would provide sufficient data to allow you to 
determine a value for Tmax. You may assume that you are provided with:  
 

 aqueous copper(II) sulfate 
 powdered zinc solid 
 the equipment normally found in a school laboratory.  

 
In your plan you should include brief details of: 

 the apparatus you would use  
 the procedure you would follow 
 the measurements you would make to allow you to determine a value for Tmax. 
 how you would use your measurements to calculate a value for Tmax. 

 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 

[4] 
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 (b) Describe and explain the expected observations during the reaction between zinc powder and 
aqueous copper(II) sulfate. 
 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………… [2] 
 

 (c) Jane carried out an experiment by adding 0.5 g of zinc to 100 cm3 of 0.1 mol/dm3 aqueous 
copper(II) sulfate. Show, by calculations, that zinc is the limiting reagent.  
[Ar of Zn = 65] 
 
 
 
 
 
 
 

[2] 
 

 (d) Jane found that the Tmax for her experiment was +6.5 oC. 
Calculate the enthalpy change, H, of the reaction using the equation given below: 
 
H = –  × ସ.ଶ × ∆ ்ೌೣ

.    ௦  ௧ ௧
 J/mol 

 
where V is the volume of copper(II) sulfate in cm3 
 
 
 
 
 
 
 
 

H = ………………………………. J/mol [1] 
 

[Total: 9] 
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QUALITATIVE ANALYSIS NOTES 

 Test for anions 
anion Test test result 

carbonate (CO3
2–) add dilute acid effervescence, carbon dioxide 

produced 
chloride (Cl–) 
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate 

white ppt. 

iodide (I–) 
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate 

yellow ppt. 

nitrate (NO3
–) 

[in solution] 
add aqueous sodium hydroxide 
then aluminium foil; warm 
carefully 

ammonia produced 

sulfate (SO4
2–) 

[in solution] 
acidify with dilute nitric acid, then 
add aqueous barium nitrate 

white ppt. 

 Test for aqueous cations 
cation effect of aqueous sodium 

hydroxide 
effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess 
giving a colourless solution 

white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming - 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in 
excess 

light blue ppt., soluble in excess 
giving a dark blue solution 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 
iron(III) (Fe3+) red-brown ppt., insoluble in 

excess 
red-brown ppt., insoluble in excess 

zinc (Zn2+) white ppt., soluble in excess 
giving a colourless solution 

white ppt., soluble in excess giving a 
colourless solution 

Test for gases 
gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 
carbon dioxide (CO2) gives white ppt. with limewater 

(ppt. dissolves with excess CO2) 
chlorine (Cl2) bleaches damp litmus paper 
hydrogen (H2) ‘pops’ with a lighted splint 
oxygen (O2) relights a glowing splint 
sulfur dioxide (SO2) turns aqueous acidified potassium manganate (VII) 

from purple to colourless 
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