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1. You are provided with,
· A dibasic acid - Solid M (H2X).
· 0.1M sodium carbonate, solution N.

You are required to:

· Prepare a saturated solution of solid M.
· Dilute the saturated solution of M and standardise it using solution N.

· Determine the solubility of solid M at room temperature.

Procedure 1

(i) Measure 30cm3 of water using a measuring cylinder and transfer it into a measuring cylinder and transfer it into a clean 250cm3 conical flask. Add all the solid M provided and shake it vigorously for five minutes.
(ii) Measure and record the steady temperature of the resulting mixture.

Temperature........................................................ 0C. 




(1 Mark)

(iii) Filter the mixture from (i) above using a dry filter paper and filter funnel into a clean dry conical flask.

(iv) Measure accurately 20cm3 of the filtrate with a 100cm3 measuring cylinder. To the solution in the measuring cylinder, add distilled to make it up to 100cm3. Transfer this solution into a clean dry beaker, and label it solution D.
(v) Fill the burette with solution D. Pipette 25cm3 of the solution N into a conical flask and add 3 drops of phenolphthalein. Titrate with solution D. Record your results in the table below.

Repeat the titration to obtain three concordant volume.

Table 1

	
	I
	II
	III

	Final burette reading (cm3)
	
	
	

	Initial burette reading (cm3)
	
	
	

	Titre (cm3)
	
	
	


   











(4 Marks)
(a)  i)
Calculate the average volume of solution D used. 




(1 Mark)
............................................................................................................................................................................................................................................................................................................
ii)  Calculate the number of moles of sodium carbonate in the volume of solution N used. 











(1 Mark)
............................................................................................................................................................................................................................................................................................................
iii) Calculate the number of moles of acid in solution D which reacted with the sodium carbonate, solution D. 







(2 Marks)
........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
iv) Calculate the number of moles of acid in 100cm3 of solution D. 


(1 Mark)
...........................................................................................................................................................................................................................................................................................................

v)  Calculate the molarity of the saturated solution of M. 



(2 Marks)
..................................................................................................................................................................................................................................................................................................................................................................................................................................................................
vi) Calculate solubility of solid M (relative molecular mass = 118).


(1 Mark)
..................................................................................................................................................................................................................................................................................................................................................................................................................................................................
vii) Write a balanced chemical equation of the reaction taking place in procedure 1 above.











(1 Mark)
..................................................................................................................................................................................................................................................................................................................................................................................................................................................................
viii) Write an ionic equation of the chemical reaction taking place in (vii) above. 
(1 Mark)
............................................................................................................................................................................................................................................................................................................

2. You are provided with; 

· Solution A – 1M solution of a strong acid.
· Solution B – 1M solution of sodium hydroxide.
You are required to:

· Determine the basicity of the strong acid solution A.

· Find the heat of neutralisation of sodium hydroxide, solution B.
Procedure 2

(a) Using a 50ml measuring cylinder measure 40cm3 of solution A into a 100ml plastic beaker. Measure and record the steady temperature T1 of the solution in table II below. With a clean 10ml measuring cylinder measure 5cm3 of solution B. Pour this solution into the 100ml beaker containing 40cm3 of solution  A. Stirring gently with a thermometer, measure the highest temperature T2 of the mixture, record this in table II below. Rinse the measuring cylinders, thermometer and 100ml plastic beaker. Repeat the procedure above using the volumes of solution A and B indicated in the table II and hence complete the table. Remember to rinse the apparatus after each experiment.

Table II
	Experiment number
	1
	2
	3
	4
	5
	6
	7
	8

	Volume of solution A (cm3)
	40
	35
	30
	25
	20
	15
	10
	5

	Volume of solution B (cm3)
	5
	10
	15
	20
	25
	30
	35
	40

	Initial temperature T10C
	
	
	
	
	
	
	
	

	Final temperature T20C
	
	
	
	
	
	
	
	

	Temperature change ∆T0C
	
	
	
	
	
	
	
	















(4 Marks)
(a) Plot a graph of ∆T against the volume of solution used. 




(3 Marks)
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(b)  i)
What is the maximum rise in temperature? 





(1 Mark)
............................................................................................................................................................
ii) Using information from the graph, calculate the number of moles of acid in solution A needed to produce the temperature change above? 




(2 Marks)
............................................................................................................................................................................................................................................................................................................................................................................................................................................................
iii) From the graph, determine the number of molecules of sodium hydroxide needed for complete neutralization of the acid. 






(2 Marks)
...........................................................................................................................................................................................................................................................................................................................................................................................................................................................
iv) Calculate the number of moles of H+ per mole of acid (i.e. basicity). 

(1 Mark)
...........................................................................................................................................................................................................................................................................................................................................................................................................................................................
c) Using your experimental results, calculate the molar heat of neutralisation of sodium hydroxide (specific heat capacity of water = 4.2 Jg-1k-1).





(2 Marks)
....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
3. You are provided with solid X carry out the tests below using the solid. Identify any gas(s) produced during the tests. Record your observations and inferences in the spaces provided in the table.

(a) Describe the appearance of solid X. 






( ½ Mark)
........................................................................................................................................................................................................................................................................................................................
(b) Place a spatula end full of solid X into a clean boiling tube. Add about 10cm3 of distilled water, shake well to dissolve. Divide the resulting solution into 4 equal portions for use in tests C(i) to (iv) below.  
	Observations
	Inferences

	( ½ mark)
	( ½ mark)


(c)    i) 

To the first portion of solution of solid X add dilute 1M sodium hydroxide solution dropwise until in excess. 
	Observations
	Inferences

	(1 mark)
	(1 mark)


ii) To the second portion 1M aqueous ammonia solution dropwise until in excess.  

	Observations
	Inferences

	(1 mark)
	(1 mark)


iii) To the third portion add 2 – 4 drops of sodium sulphate or dilute sulphuric(vi) acid solution.  
	Observations
	Inferences

	( ½ mark)
	( 1 mark)


iv) To the fourth portion add 2 – 3 drops of sodium chloride (or dilute hydrochloric acid) solution.
	Observations
	Inferences

	( ½ mark)
	( ½ mark)


(d) Place another half spatula end full of solid X into a clean dry hard test-tube. Heat it gently until there is no further change. Test for the gas(s) evolved using both wet blue and red litmus papers separately and a glowing a splint.   
	Observations
	Inferences

	(2 marks)
	(1 mark)
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