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Answer all the parts.

Introduction
You will determine the enthalpy change of decomposition of aqueous hydrogen peroxide.
In Part 1 you will carry out a titration of the aqueous hydrogen peroxide supplied.

In Part 2 you will calculate the concentration of the aqueous hydrogen peroxide from the readings
obtained in the titration.

In Part 3 you will measure the temperature rise when aqueous hydrogen peroxide is decomposed by
adding manganese(IV) oxide.

In Part 4 you will calculate the enthalpy change of decomposition of aqueous hydrogen peroxide.
In Part 5 you will evaluate some of the procedures used.

Six chemicals are supplied.

* B aqueous hydrogen peroxide, H,0, Irritant x .
* C aqueous sulphuric acid, H,SO,,, shared Irritant x i
. D aqueous potassium iodide, KI, shared

e E aqueous sodium thiosulphate, containing 15.5gdm™3 of Na,S,0,. 5H,0

* F two containers of powdered manganese(IV) oxide, MnO,, Harmful x .

e G aqueous starch (indicator), shared
Part1 Titration of aqueous hydrogen peroxide using aqueous sodium thiosulphate
Skill | (Implementing) [10 marks]
You will do this in two stages, (a) and (b).
(a) Using a pipette and filler, transfer 10.0cm? of B into the 250 cm?3 volumetric flask.
Using a measuring cylinder, add 50cm? of C to the volumetric flask.
Using the same measuring cylinder, add 80 cm? of D to the volumetric flask.

Put the stopper on the volumetric flask.
Shake the volumetric flask gently for a few seconds to mix the reagents.

The solution will become dark red—brown, due to formation of aqueous iodine.

Leave the contents of the volumetric flask for several minutes for the reaction to
finish. You will carry out Part 1(b) later.

NOW CARRY OUT PART 3 ON PAGE 6.
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(b) Record all your readings in a table in the space below.

Readings

After completing Part 3, make the mixture in the volumetric flask up to 250cm?® using
distilled (or de-ionised) water.
Invert the volumetric flask several times before use, to mix the contents thoroughly.

Using a pipette and filler, transfer 25.0 cm?3 of this solution into a conical flask.

Fill the burette with E.
Record all burette readings to 0.05cm3.

Carry out a trial titration.

When the colour of the solution in the conical flask changes from red—brown to yellow,
add five drops of indicator G.

The titration is complete when the solution changes from blue to colourless.

Repeat the titration procedure to obtain two accurate titres.
In each case, add indicator G when the solution in the flask becomes yellow.

You will not have time to carry out more than two accurate titrations.

Calculate the mean titre.

Safety

Hydrogen peroxide can be used in hair bleach.
Suggest what precautions you should take when using a solution of hydrogen peroxide in this way.

© OCR 2009

Turn over



4

Part2 Calculating the concentration of hydrogen peroxide, H,0,, in solution B
Skill A (Analysing) [9 marks]

Show your working and give your answers to three significant figures.

(a) Solution E contains 15.5gdm™3 of hydrated sodium thiosulphate, Na,S,0,. 5H,0.
Calculate the amount, in moles, of Na,S,0,. 5H,0 used in the mean titre.

ANSWEL = it mol
(b) In the titration, iodine, I,, reacts with sodium thiosulphate.
(i) Balance the equation for this reaction.
Iy +...Na,5,0;, —> ...Na,5,0,4 + ...Nal

(i) Deduce the amount, in moles, of L, used in each titration.

BNSWET = it e e s mol
(c) The ionic half-equation for the reduction of H,O, is shown below.
2H* + H,O, + 26— 2H,0
During the reaction of H,O,, with potassium iodide, KI, iodide ions, I~, are oxidised to L,.

(i) Write the ionic half-equation for the oxidation of I".

(i) Hence show that 1 mol of H,O, reacts with KI to produce 1mol of L,.

© OCR 2009
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(d) Deduce the amount, in moles, of H,0, that produced the amount of 1, in (b)(ii) used
in the titration.

ANSWEL = ettt e e e mol

(e) Calculate the concentration, in mol dm3, of H,0O,, in solution B.
Show your working clearly.

ANSWEL = oo eeeea e mol dm™3

NOW CARRY OUT PART 4 ON PAGE 7
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Part 3 Measuring the temperature change during decomposition of hydrogen peroxide
Skill I (Implementing) [6 marks]

Record all your readings in a table in the space below.
You will carry out the experiment twice.

Support a plastic cup inside the glass beaker.

Using a measuring cylinder, transfer 25.0cm? of B into the plastic cup.

Measure and record the temperature of B, to the nearest 0.5°C.

You may need to tilt the cup so that the thermometer bulb is completely immersed.

The reaction that follows is vigorous.
Avoid inhaling any spray that may be produced.

Tip one of the containers of manganese(IV) oxide, F, into the plastic cup containing B.
Stir the mixture with the thermometer until the maximum temperature is reached.
Record the maximum temperature.

Calculate the temperature rise.

Repeat the experiment using another plastic cup and the other container of F.

Readings

Calculate the mean temperature rise.

= LI V=] ST °C

NOW RETURN TO YOUR EXPERIMENT IN PART 1(b) ON PAGE 3.
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Part4 Calculating the enthalpy change of decomposition of hydrogen peroxide
Skill A (Analysing) [5 marks]

Show your working clearly.
Give your answers to a suitable number of significant figures.

(a) Calculate the heat evolved, in Joules, when 25.0cm? of H,O, decomposes, given that:

o mass of 25.0cm? of H,0, solution = 25.09;
«  specific heat capacity of the solution = 4.2Jg 1K™,

ANSWEL = iiiieieeeeeiiie et e e e e e e eaas J
(b) Inthe presence of MnO,, hydrogen peroxide decomposes to give water and oxygen.
Complete the balanced equation for this reaction.
Include state symbols.

H,O(@q) = .o F o,

(c) (i) Referto the concentration of H,O, in solution B that you calculated in Part 2(e).
Calculate the amount, in moles, of H,O, decomposed in the plastic cup in Part 3.

If you were unable to calculate the concentration of H,0, in solution B in Part

2(e), assume that it was 0.880moldm™ so that you can attempt this part of the
calculation.

F T 1S =] T mol

(i) Hence calculate the enthalpy change for the decomposition of 1 mol H,0,, in kJ.

ANSWEL = et e e e e raen kd
© OCR 2009 Turn over



Part 5 Skill E (Evaluating) [14 marks]

(@) In your titration procedure in Part 1, excess aqueous potassium iodide was added to
aqueous hydrogen peroxide.

(i) Suggest two reasons why excess KI must be used.

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

(i) The equation for the reaction taking place is:
H,0O, + 2KI + H,80, = K,SO, + I, + 2H,0

Carry out a calculation to show that excess KI was actually used in Part 1.

Assume that the concentration of H,O,, in solution B was 0.88 moldm™3,

The concentration of KI in solution D was 0.50 moldm™3,

(2]

(iii) State and explain whether the titration you carried out was reliable.

............................................................................................................................... [2]
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(b)

(c)
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During the experiment in Part 3, the temperature rise you measured was lower than
expected.

This is partly because there are heat losses from the apparatus.

State two methods by which heat losses from the apparatus could be reduced.

For the determination of the enthalpy change of decomposition of hydrogen peroxide,
you used aqueous hydrogen peroxide of ‘10 volume’ concentration.

The aqueous hydrogen peroxide supplied to schools and colleges often has a
concentration of ‘100 volume’.

Suggest three reasons why the accuracy of the experiment in Part 3 would be affected
if 25.0cm3 of a ‘100 volume’ solution of hydrogen peroxide had been used instead of
25.0cm? of the ‘10 volume’ solution.

Explain each reason.

END OF QUESTION PAPER
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