KIBAKWE SECONDARY SCHOOL
FORM SIX AND FORM FIVE
HOLYDAY PACKAGE IV
CHEMISTRY II.
Answer all questions. 
 For calculations you may use the following constants: 
· Molar gas constant, R, = 8.314 Jmol-1K-1 or 0.082 atm mol-1K-1dm-3 
· Atomic masses: H = 1; C = 12; N = 14; O = 16; Na = 23;Al = 27; S = 32;Ca = 40; Fe = 56; Mn = 55; Cu = 64 
 
1. (a) 	Define the following terms: (i) 	Order of reaction 
(ii) Activation energy 
(iii) Rate law of a reaction  	 	 	 	 	 
(b) For the exothermic gaseous reaction, A2 (g)    2A(g); sketch graphs to show the course of the decomposition (dissociation) by plotting the concentrations of A2 and A against time.     
(c) Using the same scale on another graph, plot the concentration of A2 against time to show what happens in similar experiments in which; 
(i) the temperature is raised 
(ii) the pressure is lowered 
(iii) a suitable catalyst is introduced 	 	 	 	 
Add a brief statement in each case to clarify your answer.     (06 marks) 
(d) The decomposition of nitrogen pent oxide (N2O4) dissolved in tetra chloromethane (carbon tetrachloride) at 45⁰C is first order. Using the concentrations of N2O5 and the times given, estimate by a graphical method the rate constant for the decomposition, stating the units in which it is expressed. 
 
	Time (sec) 
	0 
	250 
	500 
	750 
	1000 
	1500 
	2000 
	2500 

	Concentration (mol.dm-3) 
	2.33 
	1.95 
	1.68 
	1.42 
	1.25 
	0.95 
	0.70 
	0.50 


 	 	 	 	 	 	 	 	 	 	
2. (a) 	Define the terms: 
(i) conductance 
(ii) molar conductivity 
(iii) electrode potential 	 	 	 	 	 	  
(b) 	The electrolytic conductivity of a saturated solution of silver chloride is  
1.887 x 10-4 Ω-1m-1 at 298K. If the electrolytic conductivity of pure water is  5.5 x 10-6 Ω-1m-1, that of AgNO3 is 0.01383, KCl is 0.01499 and that of KNO3 is 
0.01450, calculate the solubility product of silver chloride. 
(c) 	Given the following standard reduction potentials: 
 	 	 	 	 	 	 
	Process 
	Eθ/V 
	Process 
	Eθ/V 
 

	 
Cl2(g) + 2e-  	2Cl- 	 
	 
+1.36 
	 
Cr3+ + 3e-                   Cr(s) 
	 
-0.73 

	Cr2O72- + 14H+ + 6e-                     2Cr3+ + 
7H2O 
	+1.33 
	Br2 + 2e-                   2Br- (aq) 
	+ 1.09 
 

	Ni2+ + 2e-                    Ni(s) 
	-0.23 
	2S2O32- 	+ 	2e-   
S4O62- 
	+0 17 
 

	Cr3+ + e-                    Cr2+ 
	-0.50 
	 
	 
 


 
Determine the std. e.m.f of the following cells: 
(i) Ni/Ni2+(1M)//Br-(1M)/Br2 (1M)/Pt 
(ii) Cr3+(1M) + Cl2                    Cr2O72- (1M) + 2Cl- (1M) (04 marks) 
(d) Sketch the galvanic cell based on the reaction in 2(c)(i) above and show the direction of electron flow.             
(e) Given the following equation for a cell reaction:  
S4O62-(aq) + Cr2+(aq)          Cr3+(aq) + 2S2O32-(aq) 
 	Calculate: 
(i) Eθ for the cell and 
(ii) Equilibrium constant  	 	 	 	 	  
3. (a) 	Define the terms: 
(i) solubility 
(ii) common ion effect 
(iii) buffer solution 	 	 	 	 	 
(b) Calculate the pH of the solution after 15cm3 of 0.1M sodium hydroxide solution have been added to 25cm3 of 0.1M ethanoic acid. (pKa = 4.76)       (06 marks) 
(c) Calculate the volume of 0.1M HCOONa(aq) that must be added to 1dm3 of 0.1M methanoic acid solution to give a buffer solution of pH = 3.50. The pKa for methanoic acid is 3.75.         
(d) The pH of a 0.10M solution of a weak monoprotic acid HA, is 2.85. Determine the Ka of the acid.  
4. (a) If the dissociation constants, Kb, for NaF and NH3 are 1.56 x 10-11 and 1.77 x 10-5  respectively, find the pH of 
(i) a 0.3M solution of NaF 
(ii) a 0.01M solution of ammonia  	 	 	 	 
(b) When a solution of Ba(OH)2 is mixed with a solution of sulphuric acid, a white precipitate forms and its conductivity decreases markedly. 
(i) Write the balanced equation for the reaction that occurred.       
(ii) Account for the decrease in electrical conductivity.  	      
(c) Calculate the pOH and hence the pH of a 0.1M solution of an aqueous ammonia given that Kb = 1.8 x 10-5 mol.dm-3 at 298K           
5. (a) 	(i) 	Define the term “melting point” of a substance. 
(ii) State the modern periodic law 	 	 	 
(iii) What are the two factors that helped the classification of elements in the periodic table?      
(b) 	Below is a table of elements of period 3 and their melting points. 
 
	Element. 
	Na 
	Mg 
	Al 
	Si 
	P 
	S 
	Cl 

	Melting point (⁰C) 
	98 
	650 
	660 
	1423 
	44 
	120 
	-101 


 
 	Account for the following: 
(i) The melting point of magnesium is very high compared to that of sodium.  
(ii) Although aluminium is on the right hand side across period 3, its melting point is too close to that of magnesium.        
(iii) Silicon has got the highest melting point of all elements in period 3. 	 	 	 	                  
(iv) The melting point of sulphur is higher than that of phosphorus 	      
(v) The melting point of chlorine is very low. 	 	 	 
6. (a) 	Using IUPAC norms, write the formulae of the following compounds: 
(i) Tetrahydroxozincate (II) 
(ii) Hexaamminecobalt(III) sulphate 
(iii)   Potassium trioxalatochromate(III) 
(iv) Aquacyanobis ethylenediamminecobalt(III) sulphate        
(b) Explain the following observations: 
(i) A solution of [Ni(H2O)6]2+ is green but a solution of [Ni(CN)4]2- is colourless. 
(ii) [Cr(NH3)6]3+ is paramagnetic while [Ni(CN)4]2- is diamagnetic. 
(iii) The compounds [PtCl2(NH3)2] and [Pt(NH3)6]Cl4 	have different electrolytic conductance values.  	 	 	 	 
(c) Deduce the structures of [NiCl4]2- and [Ni(CN)4]2- considering the hybridisation of the central metal ion.               
(d) A metal complex having composition Cr(NH3)4Cl2Br has been isolated in two forms, A and B. The form A reacts with AgNO3 to give a white precipitate readily soluble in dilute aqueous ammonia, whereas B gives a pale-yellow precipitate soluble in concentrated ammonia. Write the formula of compounds A and B and state the hybridization of chromium in each.           
7. With the aid of chemical equations explain the following: 
(a) Hard water becomes soft when washing soda (Na2CO3.10H2O) is added.    
(b) Iodine is sparingly soluble in water but dissolves readily in the presence of iodide ions.          
(c) Lead (IV) oxide forms a bright yellow liquid when dissolved in excess ice cold concentrated hydrochloric acid.       
(d) Effervescence of colourless gas is obtained when NaHCO3 is added to copper sulphate solution.         
(e) Mercury (II) iodide is readily soluble in potassium iodide solution but not in water.   	 	 	 	 	 	 
(f) The pink solution of cobalt (II) chloride turns blue when concentrated HCl is added.   	 	 	 	 	 	 	 	 	      
(g) When water is sprayed into a dry mixture of suphur dioxide and hydrogen sulphide, a yellow solid is formed.            
(h) An aqueous solution of AlCl3 is acidic to litmus.  	 	 	 
(i) Concentrated hydrochloric acid prevents precipitation of copper (II) sulphide from copper (II) salt aqueous solution.       
(j) Effervescence of a colourless gas is obtained when ammonium chloride solution is added to a warm aqueous solution of sodium nitrite.  
8. (a) 1.1g of a compound containing carbon, hydrogen and oxygen gave on combustion 1.173 g of CO2 and 0.240g of H2O. 1.125g of the compound in125g of water gave a solution that freezes at -0.186⁰C. Calculate the molecular mass of the compound and write its molecular formula. (Kf for water is 1.86)   
(b) 	The following three compounds are sparingly soluble in water but very soluble in ether. 
 	 	[image: ] 	 	 	 	[image: ]  
 	N-phenyletheramide  	 	 	4-methylbenzene carboxylic acid 
 
 
[image: ] 
 
 	 	 	 	 	4-methylphenylamine 
 
A mixture of all three compounds given above was dissolved in ether. The solution was put into a separating funnel and shaken with excess dilute HCl. The aqueous layer was collected in a flask labelled “A”. Next the ether layer was shaken with excess aqueous sodium hydrogen carbonate. The new aqueous layer was collected in a flask labelled “B”. The remaining ether layer was transferred into a flask labelled “C”.  
With the help of equations where necessary, which of the three compounds is contained in flask A, B and C?       
 	 	 	 	 	 	 	 	 
(c) An organic compound has a relative molecular mass of 88. It was found to have two isomers, an aliphatic carboxylic acid and an aliphatic ester. Write the structural formulae of the two isomers and give their IUPAC names.     
 
9. (a) Organic compound P, C8H8O, gave iodoform reaction, and on vigorous oxidation yielded compound Q, C7H6O2, which was sparingly soluble in cold water. After neutralization Q gave a buff precipitate with aqueous iron (III) chloride. 
Treatment of Q with phosphorus pentachloride gave R which reacted with concentrated aqueous ammonia to give a precipitate of S, C7H7ON. 
Prolonged treatment of S with phosphorus (V) oxide gave T which could be reduced to U, C7H9N.  
On reduction with sodium amalgam, P gave V, C8H10O. V gave positive iodoform test but did not give coloration with aqueous iron (III) chloride. 
(i) Write the structural formulae for substances P to V, details of chemical conversions are not needed. 
(ii) Write equations for 
· The reaction of P with iodine in alkaline conditions. 
· The reaction of R with water. 	 	 	 
(b) 	Using the example of polymerisation of vinyl chloride, C2H3Cl, to form PVC. Show: 
(i) the chain initiation step 
(ii) the chain propagation step 
(iii) the chain termination step 	 	 	 	 	 
(c) Write the complete structures of the monomers which were used to prepare each of the following condensation polymers.
(i) –[ NH-CH(R)-C(O)-NH-CH(R)-C(O)-NH-CH(R)-C(O)-]n 
(ii) –[C(O)- C6H4 – C(O) – O – CH2 – CH2 – O - ]n 
(iii) –[C(O) – (CH2)4 – C(O) – NH – (CH2)6 – NH -]n  (05 marks) 
10. (a) 	Define the following terms:
 (i)       soil colloid 
(ii) artificial fertilizer 
(iii) ozone depletion 	 	 	 	 	 	 
 
(b) Water was added to 100g of soil to make a 200cm3 soil solution. If this soil solution requires 0.0074g of calcium hydroxide for complete neutralization, what is the pH of this solution?              
(c) A farmer was advised to supply 160kg of N to his maize field. Calculate the mass of fertilizer (of 80% by mass Ca(NO3)2) which he has to buy to meet the requirements.         
 
(d) Explain, using equations where necessary, how CFC’s cause ozone depletion. 
 	 	 	 	 	 	 	 	 	 	 

PART B
Answer all questions from this section 
1. (a) (i) An atom is said to be electrically neutral. Justify this statement with a vivid example. 
          (ii) Analyze the results of Rutherford’s scattering experiment.                     
(b) (i) An iron rod gets hotter when exposed on sun radiations. Explain this observation      (½ mark)            (ii) A diode laser emits at wavelength of 987 nm. All of the radiation it emits is measured with a  total energy of 0.52 J over a period of 32 seconds. Calculate the number of photons per  second emitted by the laser
(i) Show that the Heisenberg’s uncertainty principle is true
(ii)   A car weighing 3 x 103 kg is moving on a highway. Its speed can be measured with an accuracy of ±0.0025 mile/hour and its position with an accuracy of ±0.01 mile. With the help of calculations, state whether the uncertainty principle is valid or not (1 mile = 1.6 x 103    Meters)                                                                                                                        
Discuss the violation of Aufbau principle when writing electronic configuration of copper. 
                                                                     
2. (a) With reason(s), discuss the validity  for each of the following observations:             
(i) NaCl has higher boiling point than HCl                                                                       
(ii) BF3 is non-polar but NF3 is polar.                                                                                
(iii) Aluminium fluoride has much higher melting point than aluminium chloride             (iv)The boiling points of water, ethanol and ethoxyethane are in the reverse order of their relative  molecular masses unlike those of their analogous sulphur compounds; H2S, C2H5SH and   .                                                                                                                  
(iv) CO2 is a non-polar molecule while SO2 is polar molecule despite the fact that both have the same empirical formula.                                                                                                
Study carefully the information in the following table, then answer the questions that follow. 
              Name                              Molecular weight           Boiling point, °C 
Diethyl ether                          74                                      35               n-butyl alcohol                       74                                      118               Propionamide                         73                                      213
              
(i) Account on the high boiling point of n-butyl alcohol compared to diethyl ether, although the two compounds have the same molecular weight Account on the low boiling point of n-butyl alcohol compared to propionamide despite its high molecular weight       
(a) Give reason for each of the following observations:                                      
(i) Liquid ammonia bottle must be cooled before opening the seal 
(ii) The tiers of an automobile are inflated to a slightly lower pressure in summer than in winter         
(iii) (iii) Aerated water bottles are kept under water during summer. 
(c) Discuss the role of Avogadro’s law on determination of relative molecular mass of gases by Victor Meyer’s method.                                                                                                
(d) A volatile organic compound weighing 0.2 g when heated in Victor Meyer’s tube displaced 30 mL of air at 27 °C and 756 mmHg barometric pressure. Given that the vapour pressure of               water at 27 °C is 26 mmHg, compute for the molecular mass of the compound.      
(e) (a) (i) A non–volatile solute does not exert vapour pressure. Explain this observation with  reference to Raoult’s law of lowering vapour pressure.                                       
3. (ii) Show that the lowering in vapour pressure, ∆P is given by ∆P = (Xsu)(P°sv), where Xsu   and P°sv are mole fraction of solute and vapour pressure of solvent respectively. 
(b) The following solutions have same molar concentrations. Arrange them in the order of  decreasing lowering in vapour pressure and give reason(s) for your arrangement: CO(NH2)2,   BeCl2, AgCl, and AlCl3                                                                                                                                          
(c) Urea (CO(NH2)2) forms an ideal solution with water. Calculate the vapor pressure of an aqueous   solution containing 10% by mass of urea at 40 °C. Given that, the vapor pressure of water at  40 °C is 55.3 mmHg.                                                                                                
(i) (a) Use balanced chemical equation to explain the following reactionsWarming copper metal with excess concentrated sulphuric acid 
(ii) Reaction of Sulphur with dilute nitric acid 
(iii) Heating silver nitrate solid salt 
(iv) Addition of dilute nitric acid to an aqueous solution of sodium thiosulphate 
(d) All sulphates (except few of them) are soluble in water. Give reason for this observation with  reference to sulphates of lead (II) and Copper (II)                                                        
(e)  (c) Displacement method (direct method) is used to prepare metal sulphates whose metals are moderately reactive. Why metals must be moderately reactive in order to prepare metal sulphates  by direct method? Give reason.                                                                                   
 
4. (a) With reason, state whether the following are exothermic or endothermic
      (i) Ionization energy for lithium            (ii) Electron affinity for chlorine 
(iii) Second electron affinity of oxygen 
(iv) Dissolving copper sulphate salt in water raises the temperature of water from 25 ℃ to 70℃. 
(b) 2 g of sodium metal were dissolved in 100 g of water and the temperature change was from   20 ℃ to 24.2 ℃. Calculate the molar heat of solution of solution of sodium given specific heat capacity of water is 4.2 J/g ℃.                                                                                     
          (c) When 2 g of magnesium react with nitrogen gas to form magnesium nitride, the heat evolved was 12.7 kJ. Calculate the standard enthalpy of formation of Mg3N2.
(a) Change in temperature, concentration and pressure affect the equilibrium position in only one direction. Argue this statement with reference to dynamic equilibrium.                      
(b) For the reaction: CO(g)  + 2H2(g)               CH3OH(g), hydrogen gas is introduced into a five litre  flask at 327 ℃, containing 0.2 mole of CO(g) and a catalyst until the pressure is 4.92 atm. At this  point, 0.1 mole of CH3OH(g) is formed. Calculate the equilibrium constants, Kc and Kp.  
                                                                                                                                                    
5.  (a) Give reason for each of the following observation 
(i) First three members of alkane have no skeletal isomers                    
(ii) Markownikov’s rule for addition reaction in unsaturated hydrocarbons is useless under  peroxide effect                                                                                                          
                (iii) Alkenes are not used as fuel                                                                                     
(iii)  Zinc dust (Zn(s)) is important in ozonolysis of alkenes                                             
Give the expected product(s) from the reaction of 2-butene with each of the following:
            (i) Cl2/CCl4 (ii) O2(g), flame 
(b) Write chemical equations to show preparation of the following compounds: 
 (i) Ethyne from coke (ii) Pent-2-yne from propyne 
 
(a) A student did a mistake in naming a certain organic compound by naming it as tribromophenol. The mistake lies in the fact that she forgets to indicate position of substituents in the compound.The compound can also be formed from bromination of phenol. By considering directing influence of substituents, predict the structure of the compound and hence give its correct IUPAC name
(c) Give reason for each of the following: 
(i) It is necessary to filtrate chemicals before taken for chemical tests in the laboratory.
(ii) Most of organic chemicals/reagents are kept in dark or brown bottles                        
(d) With the help of chemical equations, distinguish each of the following pairs of organic  compounds using one chemical test                                                       
(i) Chloroethane and chlorobenzene (ii) Trichloromethane and Tetrachloromethane           (ii) Bromobenzene and 1-bromo-1-phenylmethane 
 
6. (a) Due to human and natural activities, the environment is no longer a safe place that supports life   of different organisms. Discuss four defects of land pollution to living organisms. 
(b) Ion exchange in the soil enables the soil to hold on nutrients and prevent them from leaching beyond the roots making these nutrients (ions) available for plant and microorganisms utilization. Discuss the factors that affects ion exchange in the soil.           
 (c) The exchangeable hydrogen from 5 g of oven dry soil was neutralized with 100 cm3 of 0.1 M  NaOH solution. If the total CEC of the soil was 20 meq per 80 grams of the soil; 
 (i) Calculate the percentage base saturation of the soil                                                 
(ii) Calculate the concentration of hydrogen ions (in milliequivalent) in 75 g of the oven dry soil.   
 (iii) With reason(s), predict whether the soil is acidic, basic or neutral.                          
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