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Instructions

1. This paper consists of Three (3) questions.

2. Answer all questions.

3. Question one (1) caries (20 marks), questions two (2) and three (3) each caries
(15 marks).

4. Mathematical tables and Non programable calculator may be used.

5. Write your Examination Number on every page of your answer booklet(s).

6. For your calculations the following constants may be useful:

• Gas constant: R = 8.314Jmol−1K−1 or 0.0821K−1atm mol−1dm3

• Atomic Mass: H = 1, C = 12, O = 16, N = 14, S = 32, Br = 80, Na = 23

This paper consists of five printed pages
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1. You are provided with the following:

EF: A 250cm3 solution containing 1.00g of an impure sample of manganese
dioxide, “MnO2” and 2.20g of ethanedioic acid crystals, H2C2O2 ·2H2O in
250cm3

GH: A standard solution of 0.02M potassium permanganate, KMnO4, and

HH: Dilute sulphuric acid, H2SO4

Theory:
Manganese dioxide and ethaneodioic acid react quantitatively as follows:
MnO2 + 2COOH

COOH
Mn2+ + 2H2O + 2CO–

2 In dilute sulphuric acid as

MnO2 + H2C2O4 + 2H+ Mn2+ + 2H2O + 2CO2 and the excess ethanedioic
acid react Quantitatively with potassium permanganate as follows:
2MnO–

4 + 5COO−

COO−
+ 16H+ 2Mn2+ + 8H2O + 10CO2

OR
2MnO–

4 + 5C2O2 –
4 + 16H+ 2Mn2+ + 8H2O + 10CO2

Procedures:

1. Pipette 20cm3 or (25cm3) of EF, into a conical flask. Add about 20cm3 of
dilute sulphuric acid and heat the contents of the flask to about 80°C

2. Titrate the hot EF, with GH until the purple colour disappears or a permanent
colour change is observed.

3. Repeat this procedure two or three times and record your results as here
below:
Results:

The volume of the pipette used was cm3

The volume of the burette used was cm3

Burette readings:

Titration Number Pilot 1 2 3

Final reading (cm3)

Initial reading (cm3)

Titre value (cm3)
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Summary:
For complete reaction cm3 of EF required cm3 of GH
Questions:

(a) Write the balanced half-reaction and overall equations for this experiment.

(c) With the aid of oxidation-reduction half reactions, show specifically the
oxidizing and reducing agents.

(c) Calculate the;

(i) Molarity of ethanedioic acid solution.

(ii) Concentration of ethanedioic acid in gdm−3

(iii) Percentage purity of manganese dioxide in the sample.

2. You are provided with the following:
AZ: 2.0M NaOH solution
AR: 1.0M HCl solution
AM: 1.0M CH3COOH solution
Thermometer (0°C−100°C)

Measuring cylinder (10cm3) and (25cm3)

Theory:
Enthalpy change when neutralization reaction take place can be determined
experimentally by measuring the temperature change when the acid and base are
mixed together.
Assuming that no heat is lost by any factor.
The enthalpy change ∆H =−MC∆T
Where, M=mass of the solution
C=specific heat capacity of the solution
∆H= temperature change.
Procedure:

(i) Measure 10cm3 of solution AR using 25cm3 measuring cylinder record its
temperature and name it as initial temperature.

(ii) Measure 10cm3 of solution AZ using 10cm3 measuring cylinder while the
thermometer is in solution AR in 25cm3 measuring cylinder pour solution
AZ into solution AR. Record the final temperature reached.

(iii) Repeat procedure (i)-(ii) to obtain a total of three readings and tabulate the
result as shown below;
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The table for NaOH against HCl

Volume of HCl used (cm3) 10 10 10

Volume of NaOH used (cm3)

Final temperature (°C)

Initial temperature (°C)

Change in temperature (°C)

Summary:
The initial temperature was °C and the final temperature reached was

°C

(iv) Repeat the procedure (i)-(iii) by using solution AM instead of AR and
tabulate the results as shown here below:

The table for NaOH against CH3COOH.

Volume of CH3COOH used (cm3) 10 10 10

Volume of NaOH used (cm3) 10 10 10

Final temperature (°C)

Initial temperature (°C)

Change in temperature (°C)

Summary:
The initial temperature was °C and the final temperature was °C
Questions:

(a) Calculate the molar enthalpy of neutralization for the reaction takes place
in

(i) First experiment

(ii) Second experiment

(b) Compare the two values obtained in (a) above and comment on their
differences. Assume the density of solution is equal to the density of
water (1.0g/cm3).
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3. Substance M containing two cations and two anions. Use the information given in
the experiment column in the table below to complete the observations and hence
identify the two cations and two anions.

S/N Experiment Observation Inferences

a. Appearance of sample M

b. Mix a little amount of sample M with few
drops of conc ·HCl, using a glass rod bring a
little to burning flame

c. Put a spatulaful of sample M into a boiling
tube and add distilled water. Boil the mixture
for 1 minute. Filter to obtain the residue and
clear solution. Divide the resulting clear
solution into two portions:

(i) To the first portion add sodium hydroxide
solution. warm gently, identify any gas
evolved.

(ii) To the second portion of the clear solution
add dil ·HNO3 followed by AgNO3 solution.

d. To a little quantity of the residue in (c) add
conc.HCl and identify any gas enolved.

To resulting solution above, add dilute NaOH
on small quantity till in excess.

e. Perform confirmatory tests for each ion.

Conclusion:

(i) Two cations in the sample M are and

(ii) The anions are and
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