UACE CHEMISTRY SEMINAR QUESTIONS 2019	
1. (a) (i) State Graham’s law of diffusion. 
(ii) State two factors that affect the rate of diffusion of gases and briefly explain how each factor you have stated affects the rate of diffusion of a gas. 
(b) The ends of a 1.0 meter combustion tube were sealed with cotton wool soaked in a concentrated solution of an amine ‘A’ and concentrated hydrochloric acid as shown in the diagram below: 
[image: ]
The white ring was found to have formed 44.06cm from the side of the amine. 
(i) Calculate the relative formula mass of the amine. 
(ii) Work out the molecular formula of the amine. 
(iii) Write down the structural formula and IUPAC names of the isomers of A. 
(c) State all the known industrial uses of gaseous diffusion. 
2. (a) Explain what is meant by: 
(i) Colligative property 
(ii) Cryoscopic constant 
(iii)Ebullioscopic constant 
(iv) Osmotic pressure
(b) With the aid of a well labeled diagram, in each case, describe in detail an experiment you would perform under typical laboratory conditions to determine the relative formula mass of a solute using the method of; 
(i) Cryoscopy 
(ii) Ebullioscopy 
(c) Explain why; 
(i) The use of boiling elevation method is more prone to inaccuracies when used for determining relative formula mass of solutes. 
(ii) Both boiling point elevation and freezing point depression methods are not very commonly used to establish the relative formula masses of polymers. 
(d) The boiling point of a solvent was raised by 0.4620C when 1.8g of glucose (C6H12O6) was dissolved in 50g of the solvent. When 4.8g of a tissue was dissolved in 75g of the same solvent, the boiling point elevation was 0.660C. Calculate the relative formula mass of the tissue. 
(e) The vapor pressure of ethoxyethane under typical laboratory conditions was quoted as 442mmHg. When 3.004g of a bromoalkane E was dissolved in 50g of ethoxyethane, the solution had a vapor pressure of 426mmHg. 
(i) Calculate the relative formula mass of E. 
(ii) Work out the molecular formula of E 
(iii)Write down the structural formula and IUPAC names of the isomers of E. 
(f) A gaseous mixture contains 2.00 moles of He, 2.00 moles of Ne, and 2.00 moles of Ar. The total pressure of the mixture is 6.69 atm. What is the partial pressure of each gas? 

3. (a) Explain what is meant by each of the following terms as used in reaction. Kinetics; giving at least two suitable examples in each case. 
(i) Rate of a reaction 
(ii) Rate constant 
(iii)Order of a reaction 
(iv) Rate equation
(v) Activated complex 
(vi) Molecularity of a reaction 
(vii) Half life of a reaction 

(b) The rate equation for a reaction involving three substances X, Y & Z is given by the expression: Rate = K [X]x [Y]y [Z]z; where x + y + z = 4 
The data below was collected from a series of experiments.
	Experiment 

	X
	Y
	Z
	Rate (moldm-3S-1)

	1
	0.10
	0.20
	0.20
	8.0×10-4

	2
	0.10
	0.05
	0.20
	2.0×10-4

	3
	0.05
	0.10
	0.20
	2.0×10-4

	4
	0.10
	0.10
	0.10
	r



(i) Calculate the rate of constant of the reaction and state its units. 
(ii) Calculate the value of r 
(iii) How would the value of K change if the temperature of the reaction mixture is raised? 
4. Using equations only, show how the following conversions can be effected. In each case, indicate the necessary conditions. 
a) Polyethene from but-2-ene
b) Phenylamine from benzene
c) 4-phenyl-azo-N,N-dimethylphenylamine fro benzene
d) N-methylethanamide from chloroethane
e) Ethylamine from propan-1-ol
f) polyphenylethene from benzenediazonium chloride.
g) 2-methylpropan-2-ol from methanol
h) Phenol from methylbenzene
i) Benzene-1,4-dicarboxylic acid from ethyne
j) N-phenyl-2-iminopropane

5.  (a)	State 
(i).	Partition law						
(ii)	three limitations of the law				   
(b)	(i).	Describe an experiment to determine the partition coeficient  of ammonia between water and trichloromethane.
(c)	An aqueous solution contains 0.2g of asprine. 50cm3 of this solution was shaken with 20cm3 of Diethyl ether, and the mixture allowed to reach equillibrium at 25 At this temperature, the KD of asprine between diethyl ether and water is 4.7.
Calculate the mass of asprine  that remains  unextracted if,
(i) One extraction is carried out using whole 20cm3 of Diethyl ether
(ii) Two  extractions are carried out using two successive  portions of 10cm3 of Diethyl ether. Comment on your answer		
(d)	(i)	Outline two properties of asprine that enables its successful extraction by Diethyl ether in (c) above.						
	(ii) 	Apart from the application of partition coefficient in (c), State any other two.

6.  0.3 mole of hydrogen gas was mixed with 0.1 mole of nitrogen gas in a 2dm3 sealed vessel. The vessel was heated to 400oC and allowed to stand until equilibrium was attained 
N2(g) + 3H2(g) 		2NH3(g)   ΔH= −92 Kjmol– 1 
(a) (i) Define the term equilibrium 						 
(ii) State any three characteristics of any chemical equilibrium 		 
(b) Explain the effect of the following in the above equilibrium.
(i) Increasing the temperature to 500oC 					
(ii) Adding water to the equilibrium mixture 				 
(c) The sealed tube in (a) above was rapidly cooled and broken under dilute sulphuric acid. The ammonia present was completely absorbed and neutralized by 25cm3 of 0.2Msulphuric acid. Calculate the value of the equilibrium constant Kc at 400oC. State its units. 												 
(d) The ammonia formed can be used in the manufacture of nitric acid. Write equations to show how ammonia can be converted to nitric acid. 			 
7. (a) 	Describe briefly how concentrated sulphuric acid is manufactured   
  		from iron pyrites (FeS2).						
	(b)	Discuss the reactions of sulphuric acid with:
		(i)    iron
		(ii)  carbon
		(iii)  phosphorus 						
	(c)	Concentrated sulphuric acid is 98%w/w and has a density of 1.84gcm-3	
		Calculate 
(i) the molarity of concentrated sulphuric acid.	
	          (ii)    the volume of the concentrated acid required to prepare                               
 	500cm3 of 2.5M sulphuric acid.			
8.  (a)	 What is meant by the following terms
(i) Solubility of a salt.
(ii) Solubility product
(iii)   Common ion effect.                           			
(b)	 Describe an experiment to determine the solubility product of calcium fluoride.                        					
(c)	 When 0.2g of calcium fluoride was shaken with 1dm3 of pure water, the saturated solution formed at 25oC contained 2.154 x10-4moldm-3 of fluoride ions while the same mass of calcium fluoride when shaken with 1 dm3 of an aqueous solution of  calcium nitrate , the saturated formed at 25oC contained 1.994x10-5 moldm-3 of fluoride ions.   
Calculate 
(i) the solubility product of calcium fluoride  at 25oC. 
(ii) the molar concentration of calcium nitrate solution.
(iii) the percentage by mass of calcium fluoride that dissolved in  pure water.						
(d) 	Determine two applications of solubility product.		
9.  a) State what is meant by the term 
	(i) Radioactivity										
(ii)Half-life
	b) The table below shows data for radioactive decay of an element Z. 	
	Time (hours)
	0.0
	5.0
	10.0
	15.0
	20.0
	25.0
	30.0

	Activity (counts per minute)
	25.00
	23.00
	21.25
	19.50
	18.00
	16.50
	15.25



Plot a graph of activity against time. 					 
Determine the value of the half-life of element Z.			 
Determine the decay constant and state its units 

			 
10.  (a)	Define the term
(i) conductivity of an electrolyte		 
(ii) (ii) molar conductivity of an electrolyte	
(b)	With help of sketch graphs, explain the variation of conductivity with concentration for;
	(i)	a weak electrolyte
	(ii)	a strong electrolyte					
(c)	From the data given, Calculate the molar conductivity of silver chloride at infinite dilution. (03 marks)
	Salt
	
Molar conductivity at infinite dilution / cm2mol-1

	AgNO3
	116.3

	NaCl 
	108.9

	NaNO3
	105.2



(c) Molten naphthalene was cooled until it all solidified. As it cooled, the temperature was recorded at regular time intervals. The same sample of naphthalene was melted and a little camphor was dissolved in it. The solution was cooled as before
On the same axis, sketch the cooling curves for the pure naphthalene and naphthalene containing camphor. Explain your curves
d) 	i)	Sketch a graph to show variation of molar conductivity with 
concentration for sodium hydroxide and ammonia solutions, on the same axes. 									
	ii)	Explain the graphs in c) (i).
11. a)	i)	Define the term Standard electrode potential. 			
ii)	Describe with the aid of a labeled diagram how the standard electrode potential for the system Cu2+ (aq)/ Cu (s) can be determined. 
(d) Some half cells and their emfs are given below
Half cell			emf (volts)
I2(aq)/2I-(aq) 			0.54
Fe3+(aq)/Fe2+(aq)		0.76
(i) Write the cell convention for a cell made up of the half cells
(ii) (ii) Write equation for the cell reaction
(iii) (iii) Determine the emf of the cell
(iv) (iv) Calculate the standard free energy for the reaction and indicate its unit
(v) (v) State whether the reaction in (ii) is possible or not and give a reason for your answer
12.   A compound P contains 52.2% carbon, 13.0% hydrogen, the rest being oxygen.
(a) Determine the empirical formula of P
(b) When vaporized, 0.1g of P occupied 78.8cm3 at 157oC and a pressure of 740mmHg.
(i) Calculate the formula mass of P
(ii) Determine the molecular formula of P
(iii) Write the structural formula of all the possible isomers of P
(c) P does not react with sodium metal. Identify P.
       (d) Write an equation to show how P can be prepared from methanol
	
13.  (a) Define the following terms
(i) colligative property
(ii) eutectic point
(iii) eutectic mixture
(b) A solution contains 1.80 g of napthalaene in 3.0g of camphor.
(i) Calculate the melting point of the solution
[The relative molecular mass of naphthalene  = 128;
Melting point of pure camphor = 177oC;
The freezing point constant, kf for camphor  = 40oC per mol per 100g]
(ii) State whether your answer in (b)(i) would be significantly affected if the pressure of the system was lowered.
Give a reason for your answer
(c) Naphthalene – biphenyl system forms a eutectic mixture at 41oC. the eutectic mixture contains 0.47 mole fraction of naphthalene. The melting points of various compositions of naphthalene – biphenyl system are shown in the table below.
	Mole fraction of Naphthalene
	0.125
	0.275
	0.625
	0.800

	Melting point (oC)
	63.0
	53.0
	54.0
	69.0



(i) Draw an accurate phase diagram naphthalene – biphenyl system and label all regions of the diagram. [ The melting points of naphthalene and biphenyl are 86oC and 71oC respectively]
(d) State two similarities between a eutectic mixture and a pure substance.


14. Using relevant examples, explain what is meant by the following 
(i) Nucleophilic substitution reaction 
(ii) Electrophilic substitution reaction 
(iii)Free radical substitution reaction 
(iv) Electrophilic addition reaction 
(v) Nucleophilic addition reaction 
(vi) Free radical addition reaction 
(vii) Electrophilic elimination reaction
(viii) Nucleophilic elimination reaction 
(ix) Dehydration of alcohol 
(x) Esterification reaction 
(xi) Condensation reaction 
15. Name a reagent that can be used to distinguish  between the following pairs of compounds and in each case, state what would be observed when the reagent you have named is used.
a) [image: ]
b) [image: ]
c) [image: ]
d) [image: ]
e) 
f) [image: ]
g) CH2CH2 and C2H2 
h) HCOOH and CH3COOH 
i)  Na2C2O4 and CH3COONa 
j) CH3CH2NH2 and CH3CH(NH2)CH3
k) CH3COCH3 and CH3CH2CHO 
l) CH3CH2CH2CH2OH and CH3CH2CH(OH)CH3 
16. Using equations only, show how the following conversions can be effected.
a)  


              
b)   


c)  


d)  



e)  
 

f)  


g)  
 

h)   




17. Complete the following equations and in each case, suggest an accepted mechanism for the reaction. 
a)   


b)    


c)    


d)    


e)    


f)   


g)   


h)    


i)     

j)    

k)    


l)  
  

m)     


n)   
  

o)   
  

p)     

    

q)     

  
 


18. a) Combustion analysis of 0.3g of a sample of organic compound ‘P’ was found to produce 0.792g of carbon dioxide and 0.18g of water vapor as product. Work out the empirical formula of P. 
(b) When another 0.3g of P was carefully vaporized by keeping it in an autoclave at 1370C and 975 mmHg, the resulting vapor had a volume of 52.4cm3. 
(i) Calculate the relative formula mass of P. 
(ii) Determine the molecular formula of P 
(iii)Write down the structural formula and IUPAC names of three isomers of P. 
(c) When a sample P was warmed with dilute hydrochloric acid, products Q and R were isolated from the reaction mixture. When a sample of Q was mixed dilute hydrochloric acid followed by a few drops of methanol and warmed, a ripe fruit smell was realized. When R was mixed concentrated sulphuric acid and heated to 1700C, a colorless gas x which rapidly decolorized acidified potassium manganate (vii) was formed. 
(i) Identify the compounds P, Q, R and X 
(ii) Write down the mechanism of the reaction between Q and methanol 
(iii)Write down the mechanism of the reaction between R and concentrated sulphuric acid
(iv) Write down a reaction scheme showing clearly how X can be converted to P. 
(v) State one industrial application for each of the substances P, Q, R X. 
(d) n organic compound S was found to contain 80% carbon, 6.7%hydrogen, the rest being oxygen by mass. 
(i) Calculate the empirical formula of S. 
(ii) When 0.25g of compound S was vaporized at 760 mmHg and 1500C, the vapor had a volume of 72.3cm3. Work out the relative formula mass of S. 
(iii)Work out the molecular formula of S. 
(iv) Write down the structural formula and IUPAC names of all the possible isomers of S. 
(v) S was found to form an orange (yellow) solid with 2.4 dinitro phenyl hydrazine; but when mixed with an alkaline solution of copper II sulphate, the blue colour of the solution persisted. Identify ‘S’. 
(vi) Write equations including conditions/reagents showing how ‘S’ can be synthesised from benzene.

19. (a) (i) Outline the differences between fats and oils. 
(ii) Describe briefly how soap can be obtained from named oil. 
(iii) Describe briefly how soaps perform their cleaning action. 
(i) Outline the disadvantages and advantages of using soaps in laundries. 
(b) Detergents have come up and almost replaced soaps in most laundries. 
(i) Give an example of a typical detergent and describe briefly how the detergent can be obtained from its raw materials. 
(ii) State the essential differences between soaps and detergents. 
(iii)Outline the advantages and disadvantages of use of detergents in homes and laundries. 
(iv) Explain what is meant by the terms: plastics and polymers 
(c) Giving suitable and the essential structural requirement of the monomers, explain each of the following terms; 
(i) Addition polymerization 
(ii) Condensation polymerization 
(iii)Thermosetting plastics 
(iv) Thermo softening plastics 
(d) The following substances are widely used during the manufacture of plastics. Explain what they are and their importances. 
(i) Plasticizers 
(ii) Fillers 
(iii)Stabilizers 
(iv) Dyes 
(e) Natural rubber is widely used in life today. 
(i) Name the monomer of natural rubber and give its structural formula. 
(ii) Briefly explain how the properties of natural rubber can be improved. 

20. a)	A mixture of benzene and methylbenzene behaves as an ideal solution. The saturated vapour pressure of benzene and methylbenzene at 200C are 10,000 and 2920Nm-2 respectively.
	i)	Explain what is meant by an ideal solution. 		
	ii)	Calculate the composition of the vapour containing 0.5 mole fraction of each component.					
b)	The boiling point of water is 1000C and that of ethanol is 800C. A mixture of the two liquids, when distilled gives a constant boiling mixture at 780C containing 95% ethanol.
i)	Draw a well labeled diagram of the boiling point against composition for the water – ethanol mixture. 					
ii)       Describe what would happen if a mixture containing less than 95% 
ethanol is fractionally distilled.					
iii)	Give two examples of pairs of miscible liquids whose solutions behave in a similar way. 								
iv)	Name the type of deviation from Raoult’s Law exhibited by the solutions of the pairs of liquids above and give reason (s) for that type of deviation.
v)	Give two methods for separating the mixture containing 95% ethanol in ethanol – water system.					
c)	State one advantage of steam distillation over ordinary distillation. 

21. a) Chlorine consists of the isotopes 37Cl and 35Cl and has RAM of 35.5. 
Calculate the percentage abundance for each for each of the isotopes
b)The table below shows the information from a mass spectrum of a lead sample.
	
ISOTOPE
	
DETECTOR CURRENT M A

	
204
	
0.16

	
206
	
2.72

	
207
	
2.50

	
208
	
5.92



Calculate the relative abundance
i) of the difference isotopes of lead into sample 
ii) The R.A.M of lead
c) Calculate the mass of copper deposited at the cathode when a current of 20A passes through copper(II) sulphate solution for 1 and half hours.
d) 0.198g of copper are deposited on the cathode in 40 minutes by passing a steady current of 0.25A through copper(II) sulphate solution .Calculate the mass of  Cu deposited by a current of 1A passing for 1 second 
e) A steady current of 0.27A passed for half an hour in a water voltmeter liberates 56cm3 of hydrogen at stp.
Calculate the volume of hydrogen liberated by a current of 1A passing for 1 second .
f)Element  X has relative atomic mass 162, when a current of 0.6A was passed through a solution of the solvent X  for two hours ,3.53g of  X was deposited at the cathode .
i) calculate the number of faradays required to liberate 1mole of X 
ii) Write the formula of the ion of X.	
22. a)	i)	State Hess’s law of constant heat summation . 			 
iii) State four factors that affect enthalpies of reactions. 
		
b)	You are provided with following thermochemical data
Process 							
Atomization energy of chlorine 				+122
Atomization energy of barium 				+128
First ionization energy of barium 				+698
Second ionization energy of barium			+1320
Lattice energy of barium chloride				-2526
Enthalpy of formation of barium chloride                       -641
i)	Construct a Born – Haber cycle for barium chloride. 		
ii)	Calculate the electron affinity of the chlorine atom. 		
iii)	If the hydration energies of barium ion and chloride ion are -2360 and 
	-371KJmol-1 respectively, determine the enthalpy of solution for barium chloride, and hence comment on the solubility of barium chloride.
(3 marks)
c)	The table below provides some information about the sulphates of selected alkaline earth metals.
	Sulphate
	Solubility
(moldm-3)
	Lattice energy
(KJmol-1)
	Hydration energy of M2+ ion (KJ mol-1)

	CaSO4
SrSO4
BaSO4
	4.610-2
7.1 10-4
9.4 10-6
	-2480
-2084
-2374
	-1650
-1480
-1360


	
	i)	Explain the trend of the hydration energies of the M2+ cations shown in 
the table above. 							
	ii)	Comment on the trend of the solubilities of the sulphates. 	

d)	A sample of barium was burnt in plenty of air for a long time and the product reacted with dilute hydrochloric acid. Write equations for the reactions that took place. 
								
23. (a) What is meant by the terms “ionization energy, electron affinity, electro negativity, atomic radii. 
(b) (i) State and explain six factors which affect the magnitude of first ionization energy. 
(ii) Why do successive ionization energies increases for all elements/ions? 
(c) Explain what is meant by the following the phenomena and explain the causes of each phenomenon. 
(i) Anomalous behavior 
(ii) Diagonal relationship 
(d) The melting points of the third short period elements are as shown in the table below. 

	Element
	Na
	Mg
	Al
	Si
	P
	S
	Cl
	Ar

	Atomic number
	
11
	
12
	
13
	
14
	
15
	
16
	
17
	
18

	Melting point(0C)
	
98
	
650
	
660
	
1429
	
44
	
120
	
-101
	
-189


          (i) Plot a graph of melting point against atomic number. 
          (ii) Explain the trend in the variation of the melting points. 
          (iii)The frequency of hydrogen at the point of ionization is 3.28Mz. 
         Calculate the ionization energy of hydrogen in KJMol-1. (Plank’s constant, h       = 6.6 x 10-34JS-1) 

24. (a) With reference to transition metals, explain what is meant by each of the following; 
(i) Complex ion formation 
(ii) Catalytic activity 
(iii) Colored ion formation 
(b) Explain why both scandium and zinc are included among the d-block elements but not accepted as transition metals. 
(c) State what would be observed, illustrating your answers with equations for the reactions that occur when dioxovanadium (v) ion () is reacted with: 
(i) Sodium hydroxide solution 
(ii) Sulphuric acid 
(d) Explain the following observations. 
(i) Concentrated aqueous coppers (II) chloride is bright yellowish green in colour, when water is added to it, the solution becomes blue. 
(ii) A solution of copper (I) chloride is colorless while a solution copper (II) chloride is blue in colour. 
(e) Drop wise addition of concentrated aqueous ammonia solution to chromium(III) sulphate produces a pale green precipitate A which slowly dissolves forming a purple solution B. the green precipitate A’ also dissolves in excess alkali to form a green solution C. Addition of hydrogen peroxide to this solution forms a yellow solution D. treatment of D with dilute sulphuric forms orange solution E. 
(i) Identify the chromium species in A, B, C, D & E 
(ii) Explain the role of hydrogen peroxide in conversion of C to D. 
(iii)Write an equation leading to the formation of D. 
(iv) Explain why the carbonates of Cr3+. Fe3+ and Al3+ don’t form. 
(f) A complex is represented by the formula Co(NH3)5SO4Br. When a sample of silver nitrate solution was added to the complex, no precipitate was formed. When barium chloride solution was added, a white precipitate formed. 
(i) Write down the structural formula and systematic names of the isomers of the complex. 
(ii) Identify the complex that was presented in this sample. 
(iii)State the oxidation state of cobalt in the complex. 
(iv) State the co-ordination number of cobalt in the com6plex. 
(g) 0.005Mol of another complex of cobalt of formula [CO(NH3)x 3Cl-] was heated with excess alkali and the ammonia expelled was absorbed in 50cm3 of 0.5M sulphuric acid. The access acid remaining after evaporation required 20cm3 of 1.0M potassium hydroxide solution. Determine the value of x in the formula. 

25. (a) Outline the reactions that take place in the blast furnace during the extraction of iron from a named ore. 
(b) Briefly describe how iron reacts with the following (your answer should include equations) 
(i) Water. 
(ii) Chlorine. 
(iii)Dilute sulphuric acid. 
(iv) Concentrated sulphuric acid.
c) State the uses of iron

26. (a) Chromium has atomic number = 24. Write, 
(i) The electronic configuration of chromium 
(ii) The common oxidation states of chromium. 
(b) A dark green crystalline solid Z, dissolves in water to give a violet solution. When aqueous sodium hydroxide was added to the solution of Z drop wise until excess a green precipitate was formed and it dissolved in excess sodium hydroxide to give a green solution. Identify the cation in Z. Write the formula of the species responsible for the formation of 
(i) The violet solution 
(ii) The green solution 
(c)Aqueous sodium hydroxide was added drop wise until excess to a solution containing Cr3+ and the resultant solution boiled with hydrogen peroxide.
State what was observed and write equations for the reactions that took place. 
(d) Discuss using equation where applicable the reactions of chromium with:
i) Air 
ii)  Water 
iv) Mineral acids 
(iv) Concentrated sodium hydroxide 
(e) State what is observed and write equations for the reaction that occurs when aqueous sodium carbonate solution is added to chromium (III) sulphate solution. 
(f) Briefly describe the similarities in the chemistry of: 
(i) Chromium and lead 
(ii) Chromium and aluminium

27. (a) (i) Write the formulae of two ores of copper 
(ii) Suggest one method by which the ores may be concentrated. 
(iii)Outline, giving equations, the process by which impure copper is obtained from its ore 
(b) (i) Name the method by which impure copper is purified 
(ii)Describe giving equations, the process of purification of copper in (i) above 
(c) Give two large scale uses of copper 
(d)(i)State what would be observed and write equation for the reaction when copper metal is added to concentrated nitric acid 
(ii) Using equations only show how the product in (i) above can be used to prepare copper (II) sulphate.

28. A bluish-green solid P dissolved in water to form a pale blue solution.
When aqueous ammonia is added to the solution, a pale blue precipitate which is soluble in excess ammonia forming a deep blue solution is formed. The solution formed reddish-brown solution when reacted with iron (III) chloride solution. When heated with concentrated sulphuric acid, compound Q is formed which has a pungent sharp smell. Compound Q was isolated and reacted with ethanol in the presence of an acid, giving compound R, which had a sweet fruity smell. 
(a) Identify compounds P, Q, and R and write their structural formulae. 
(b) Write equations for the reaction of 
(i) Ammonia solution with an aqueous solution of P 
(ii) P with concentrated sulphuric acid. 
(iii)Heating B with ethanol and concentrated sulphuric acid 
29. A pink crystalline solid compound X on heating forms a grey-green solid Y and two colourless gases, one which turns limewater milky and the other neutral. Y dissolves in dilute nitric acid forming a pink solution S that forms a white precipitate X insoluble in excess sodium hydroxide solution. Z rapidly turns to brown on standing in air. X dissolves in water forming a solution that decolorizes acidified potassium permanganate solution on heating. 
(a) (i) Name the reagent(s) which can be used to confirm the cation in Z. 
(ii)State what is observed when the reagent(s) is reacted with the cation and write equation for the reaction. 
(b) Identify the anion in X, solid Y, pink solution, and precipitate Z. 
(c) Write equation for the reaction that takes place: 
(i) When X is strongly heated ii) Between Y and dilute nitric acid. 
(ii) When Z was left standing in air. 

30. A compound P is a blue green solid. P dissolved in water to form a pale blue solution. The solution of P formed a brown precipitate when reacted with potassium hexacyanoferrate (II) solution and a reddish-brown solution when few drops of iron (III) chloride solution were added to it. When P was heated with concentrated sulphuric acid, ethanoic acid was formed. (a) Identify P 
(b) Write equation for the reaction that took place when P was heated with concentrated sulphuric acid. 
(c) Write the equation(s) for the reaction(s) that would take place when excess ammonia solution is added to a solution of P.

31. a) Why and in what ways lithium resemble and differ with magnesium? 
b) Explain the difference in reactivity of the group I metals with water and air. 
c) Account for the fact that there is a decrease in first ionization energy from Beryllium to Boron, and Magnesium to Aluminium. 
d) Describe the reactions of water, sodium hydroxide and concentrated nitric acid with the following elements.
i) Beryllium
ii) Aluminium
iii) Boron
iv) Magnesium
v) Potassium
vi) Copper
vii) Zinc
viii) Sulphur
32. Explain the following observations. 
a) A solution of chromium(III) chloride has a PH less than 7
b) Solubility of the group(II) hydroxides increases down the group while the solubility of the sulphates decreases.
c) Fluorine has a lower than expected bond dissociation energy value
d) The first electron affinity of oxygen is negative while the second value is positive.
e) HF is a liquid at room temperature while HCl is a gas.
f) Zinc is not considered as a transition element  
g) Benzene undergoes electrophilic substitution reaction while alkenes undergo electrophilic addition reaction. 
h) Ammonium chloride solution produces effervescence with magnesium ribbon while sodium methanoate solution forms a white precipitate with magnesium chloride solution.								
i) Solution  of sodium thiosulphate turns cloudy when exposed to air for some time. 									
j) With excess sodium hydroxide, copper (II) ions form a blue precipitate insoluble in excess but with excess ammonia solution, a blue precipitate soluble in excess is produced with copper (II) ions. 				
k) Nitrite ion (NO-2) adopts a V-shape geometry while the nitronium ion (NO+2) is linear. 									
l) Chloroethanoic acid has a higher Ka than ethanoic acid. 	
33. You are provided with FA1 which is a solution containing potassium permanganate.
FA2 which is a solution containing oxalate ions and dilute sulphuric acid.
You are required to determine the activation energy of the reaction between the manganate(VII) ions and the oxalate ions in acid media.
Procedure 
a) Fill the burette with FA1, using a measuring cylinder, transfer 25cm3 of FA2 into a conical flask and heat it to a temperature T1 of 870C. Put the thermometer aside and then run 25cm3 of FA1 into a conical flask and start a stop clock half way the addition. 
Measure and record the temperature T2 of the solution when the colour disappears (use a different thermometer).
Also record the time t for the reaction when the colour disappears. 
b) Repeat the procedure (a) heating FA2 to a temperature T1 as indicated in the table.
c) Enter your results in the table below.
	Temperature T1 (0C)
	Temperature 
T2(0C)
	T1+T2(0C)
   2
	1/T(K-1)
	t(s)
	logt
	1/t
(S-1)
	Log1/t

	87
	
	
	
	
	
	
	

	77
	
	
	
	
	
	
	

	67
	
	
	
	
	
	
	

	57
	
	
	
	
	
	
	

	47
	
	
	
	
	
	
	

	37
	
	
	
	
	
	
	

	Room temp
	
	
	
	
	
	
	



i) Plot a graph of logt against 1/T
ii) Determine the slope of the graph
iii) Calculate the activation energy E of the reaction given that slope = E/2.203R where R=8.314. 
iv) Plot a graph of log1/t against 1/T
v) Determine the slope of your graph
vi) Calculate the activation energy for the reaction given that slope 
= -E/2.303R where R = 8.314
vii) Plot a graph of 1/t against T and a smooth curve through the points. 
viii) From your graph, state the relationship between the rate of reaction 1/t and absolute temperature.

34. You are provided with substance P which contains two cations and two anions. Carry out the following tests to identify the cations and anions in P. identify any gases evolved. 
Record your observations in the table below.

	Test
	Observation 
	Deduction 

	a) Heat a spatula endfull of P strongly in a hard glass test tube until no further change.












	
	

	b) To two spatula endfulls of P, add dilute nitric until the solid has just dissolved then add sodium hydroxide solution drop wise until in excess.
Filter and keep both the filtrate and residue.



	
	

	c) To the filtrate, add dilute nitric acid until the solution is just acidic. Divide the resultant solution into 7 parts.

	
	

	i) To the first part, add dilute sodium hydroxide drop wise until in excess
ii) 
	
	

	iii) To the 2nd part, add aqueous ammonia drop wise until in excess
	
	

	iv) To 3rd part, add half spatula end full of solid ammonium chloride, add 4-5 drops of sodium phosphate solution followed by excess ammonia solution. 
	
	

	v) To the 4th part, add 5 drops of concentrated nitric acid followed by 2-3 drops of starch solution.



	
	

	vi) To the 5th part, add 3-4 drops of silver nitrate solution followed by dilute ammonia solution
	
	

	vii) To the 6th part, add 3-4 drops of lead nitrate solution
	
	

	viii) To the 7th part, add 3-4 drops of barium nitrate solution.
	
	

	d) Dissolve the residue from b) in dilute nitric acid and divide the solution into 4 parts.


	
	

	i) To the 1st part, add dilute sodium hydroxide solution drop wise until in excess
	
	

	ii) To the 2nd part, add aqueous ammonia drop wise until in excess
	
	

	iii) To the 3rd part, carryout a test of your own choice to confirm the cation in P












	
	



The cations in P are …………….. and …………………….
The anions in P are ……………… and …………………….


35. You are provided with an organic compound T. 
You are required identify the nature of T. Carryout the following tests on T and record your observations in the table below.
	Test 
	Observation 
	Deduction 

	a) Burn a little of T in a crucible






	
	

	b) To 1 spatula end full of T, add 2 drops of sodium hydroxide.

	
	

	c) To 1 spatula of T, add about 5cm3 of water and shake, test the mixture with litmus and divide the resulting solution into 7 parts
	
	

	i) To the 1st part, add 3-4 drops of Brady’s reagent.
	
	

	ii) To the 2nd part, add 3-4 drops of neutral iron(III) chloride 
	
	

	iii) To the 3rd part, a spatula endfull of solid sodium carbonate.




	
	

	iv) To the 4th part, add an equal volume of ethanol followed by 3-4 drops of conc. Sulphuric acid and warm the mixture. Pour the contents into a beaker of cold water. 
	
	

	v) To the 5th part, add Tollen’s reagent. 



	
	

	vi) To the 6th part, add acidified solution of potassium permanganate and warm



	
	

	vii) To the 7th part, add bromine water.
	
	



Comment on the nature of T.
………………………………………………………………………………………….
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1.

 

(a) 

(i) State Graham’s law of diffusion. 

 

(ii) State two factors 

that affect

 

the rate of diffusion of gases and briefly explain how 

each factor you have stated 

affects

 

the rate of diffusion of a gas. 

 

(b) 

The ends of a 1.0 meter combustion tube were sealed with cotton wool soaked in a 

concentrated solution of an amine ‘A’ and concentrated hydrochloric acid as shown in 

the diagram below: 

 

 

The white ring was found to have formed 44.06cm from the side of the

 

amine. 

 

(i) Calculate the relative formula mass of the amine. 

 

(ii) Work out the molecular formula of the amine. 

 

(iii) Write down the structural formula and IUPAC names of the isomers of A. 

 

(c) 

State all the known industrial uses of gaseous diffusion. 

 

2.

 

(a) 

Explain what is meant by: 

 

(i) Colligative propert

y

 

 

(ii) Cryoscopic constant 

 

(iii)Ebullioscopic constant 

 

(iv) Osmotic pressure

 

(b) 

With the aid of a well labeled diagram, in each case, describe in detail an 

experiment you would perform under typical

 

laboratory conditions to determine the 

relative formula mass of a solute using the method of; 

 

(i) Cryoscopy 

 

(ii) Ebullioscopy 

 

(c) 

Explain why; 

 

(i) The use of boiling elevation method is more prone to inaccuracies when used for 

determining relative for

mula mass of solutes. 

 

(ii) Both boiling point elevation and freezing point depression methods are not very 

commonly used to establish the relative formula masses of polymers. 

 

(d) 

The boiling point of a solvent was raised by 0.462

0

C

 

when 1.8g of glucose 

(C6H12O6) was dissolved in 50g of the solvent. When 4.8g of a tissue was dissolved in 

75g of the same solvent, the boiling point elevation was 0.66

0

C

. Calculate the relative 

formula mass of the tissue. 

 

(e) 

The vapor pressure of ethox

yethane under typical laboratory conditions was quoted 

as 442mmHg. When 3.004g of a bromoalkane E was dissolved in 50g of ethoxyethane, 

the solution had a vapor pressure of 426mmHg. 

 

(i) Calculate the relative formula mass of E. 

 

