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                                                     Instructions

1. This paper consists of fourteen (14) questions in sections A, B and C
2. Answer Ten (10) questions, four questions in section A and three questions in section B and C.

3. Each question carries 10 marks.

4. Mathematical tables and non-programmable calculators may be used.
5. For calculations the following constants may be used.

· Gas constant, R=8.31 JMol​-1K-1 or 0.0821 atmdm3
· Velocity of light, C = 3.0 x 108m/s
· Plank`s constant,  h = 6.63 x 10-34Js

· Reydberg constant, R =1.09678 x 107M-1
· GMV = 22.4 dm3
· Idm3 = 1 litre = 1000

· Atomic masses:

          C=12, S =32,
O=16  , H=1

                Standard temperature = 273k

SECTION A (40 Marks)
Answer only four (04) questions from this section.

1. (a) State 
(i) Hund`s rule for maximum multiciplicity

(ii) Pauli`s exclusion principle

(iii) Heisenberg uncertainty principle

       (b) (i) Give the possible values of  L and Ml for electron with the principal quantum number n = 3

            (ii) Give the electronic configuration of Fe2+ and Cl-.
       (c) The atomic spectrum of hydrogen in the visible region is given by the following relationship;
                    1/λ = RH (1/n12 – 1/n22)

(i) What do the symbols λ, RH, n1 and n2 represent?
(ii) Calculate the frequency of the radiation produced by a transition from n = 5 to n = 2.
2. (a) State

(i) Avogadro`s  law

(ii) Dalton`s law of partial pressure

        (b)  A 2.0g sample of water is vapourized completely into a 10L container of 200oC.  Calculate the pressure of water vapour in this container of 200oC.
       (c) (i) Oxygen can be converted to Ozone according to the reaction equation 3O2(g)       2O3(g) in an experiment conducted in physical chemistry Laboratory, a form five student used 12 litres of oxygen gas containing 0.5 mol of oxygen gas.  If all of this oxygen was converted to 

                 Ozone at s.t.p.  Calculate the volume of ozone produced.

(ii) Calculate the molar mass of gas if 1.82g of the gas occupies a volume of  2dm3 of  25oC and 737 mmHg.  Assume the gas behaves ideally.
3. (a) Carbon dioxide gas diffuse more faster in a porous membrane than Sulphur dioxide.  Briefly explain why? Then name and state the law in which your answer is based upon.

(b) Two cotton wool plugs one soaked with conc. HCl and the other in conc. NH3 are inserted simultaneously into the ends of a transparent glass tube 50cm long.  After a short time a white precipitate of NH4Cl forms across the tube.  How far from NH3 plug would you expect a white dense to be formed?
(c) The Vander waals equation
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+ a/v2 (V – b) = RT, where `a` and `b` are constants used to describe the behavior of real gas.
(i) Outline two short comings of kinetic theory of ideal gas which lead to the above equation.
(ii) What is the significance the term a/v2 and b in this equation.

4. (a) State
(i) Le-chatelier`s principle

(ii) The Law of mass action

     (b) For the equilibrium


2N2Os(g)                 2N2O4(g) + O2(g)

(i) Derive the relationship between kc and kp
(ii) Calculate the value of kp and kc at 47oC given that the equilibrium concentration are

[N2O5] = 10 moldm-3, [N2O4] = 0.21M,  [O2] = 0.11M

       (c) For the reaction in 4(b) above state what will happen to the value of kp if;
(i) The pressure is increased

(ii) 0.5 moles of N2O5 is added

(iii) Name and state the principle upon which your answer in (c) (i) and (ii) an based.
5. (a) Summarize three major ideas of valency shell electron pair repulsion (VSEPR) theory.
(b) Use the (VSEPR) theory to predict the geometry of the following


(i) CH4     (ii) CO2    (iii) BeF2  (iv) SF6
(c) Outline any four differences between sigma bond and Pi-bonds

(d) Classify the following compound as electrovalent, covalent, polar covalent and non-polar covalent.


(i) MgCL2 (ii) NH3 (iii) CCL4 (iv) SO2
6. (a) List four colligative properties of a solution.

(b)The depression in freezing point of water observed for the same amount of acetic acid, trichloroacetic acid and trifluoroacetic acid increases in the order given above.  Explain briefly.
(c) (i) 19.5g of CH2FCOOH is dissolved in 500g of water.  The depression in the freezing point of water observed is 1.0oC.  Calculate the Vant`hoff  factor and dissociation constant of fluoroacetic acid.
      (ii) Briefly explain why the equimolar solutions of sodium chloride and glucose not isotonic.

SECTION B (30 marks)
Answer three questions from this section.

7. (a) Define the following terms
(i) Thermochemical equation.
(ii)  Electron affinity.
(iii)  Standard enthalpy of solution.
(iv)  Enthalpy of atomization.
      (b) The standard enthalpy of formation of phenol is -209.3 KJmol-1.  Calculate its standard enthalpy of combustion given;

C(gr)  + O2(g)              CO2(g)    ∆Hᶿ = -393.5KJmol-1

H2(g)  +  ½O2(g)                 H2O(L)    ∆Hᶿ = 285.9KJmol-1
     (c) (i) State Hess`s Law of constant heat summation 
          (ii) The standard enthalpy of formation of carbon monoxide is
 ∆Hᶿf  (Co) = -110.5KJmol-1 and also

                CO(g) + ½O2(g)                     CO2(g) ∆H = -283KJmol-1 using Hess`s Law and data given above,  Calculate the standard enthalpy of formation for carbon dioxide.
8. (a) Define the term

(i) Bond dissociation enthalpy

(ii) Enthalpy of formation.

         (b) For reaction


   C2H6(g) + Cl2(g)         C2H5Cl(g) + HCl(g).  Calculate the enthalpy change of the reaction. Given the following bond energy.

   C – H     = 413 KJmol-1

   C – C     = 347 KJmol-1
            CL – CL = 243 KJmol-1

            C – CL   = 346 KJmol-1
            H – CL   = 432 KJmol-1
          (c) Study carefully the information in the following table and then answer the questions that follow
	Process
	∆Hᶿ298K KJmol-1

	Na(s)                  Na(g)
½Cl2(g)              Cl(g)
Na(g)                 Na+(g) + e-
CL(g) + e-            Cl- (g)
NaCl(s)               Na+(g)  +  Cl-(g)
	+108
+121

+496

-349

+787


(i) Draw the Born  Haber cycle for the formation of sodium chlorides
(ii) Calculate the enthalpy change for the process 

2Cl(g)             Cl2(g)

(iii)  Calculate the standard molar enthalpy change for the process 

Na(s) +  ½Cl2(g)             Na+(g) + Cl-(g)
(iv)  Calculate the standard enthalpy of formation of sodium chloride.

9. (a) (i) Giving example in each case differentiate between inter-molecular hydrogen bonding and intra-molecular hydrogen bonding.

          (ii) Explain the effect of hydrogen bounding on the boiling point and solubility of compounds in water.

      (b) Give reason for the following observations;
(i) The boiling points of water, ethanol and diethyl ether are in the reverse order of their relative molecular masses unlike those of their sulphur compound H2S, C2H5 SH and C2H5 S C2H5.

(ii) BF3 is non-polar but NF3 is polar.

(iii) AlF3 has a much higher melting point than AlCl3.
(iv) The bond angle in water is less than the bond angle in methane.

(v) BeCl2 is a linear molecule where H2O is bent.

10. (a) With example explain the meaning of the following terms

(i) Completely miscible liquid

(ii) Immiscible liquid

(iii) Ideal solution

      (b) State any four conditions for applicability of the distribution law.

      (c) An aquous solution contains 5.0g of X in 100cm3 of solution.  The partition coefficient of X between water and an organic solvent is 0.2.  Calculate the mass of X extracted by shaking100cm3 of the aqueous solution with;
(i) 50cm3 of the solvent

(ii) Two successive 25cm3 portions of the solvent.
(iii)  Comparing (c) (i) and (ii) above what general principle can you draw from the experiment.

SECTION C: (30 marks)

Answer three (03) questions from this section

11. (a) CH3CH3 is practically insoluble in water but soluble in ether and other organic solvents.  Briefly explain this observation.

(b) (i) With one example, state the meaning of “Substitution reaction”.

(iii)  With the aid of illustration, show the mechanism between CH4 and chlorine gas at 450oC to form chloromethane.
    (iii) Use your knowledge of the influence of relative molecular mass and structure to arrange the following alkanes in order of their increasing boiling point:
Hexane, Heptane, Octane, 2-methyhexane, 2,3-dimethybutane, 2,2,4-Trimethylpentane, 

2, 2, 3 – trimethylbutane, 2,2,3,3 – tetramethylbutane

      (c) Write the main product of each of the following reactions:-

(i) CH3 CH ClCH3 + Zn + H+
(ii) CH3COONa + Sodalime   [image: image3.png]



(iii) CH3 CH ClCH3 + Mg [image: image4.png]dry ether




(iv) CH3 CH CH2 + Conc. H2SO4     H2O

180oC
       (d) Give four (04) uses of alkanes.

12. (a) Give all the possible structural formula and names for the alkene C5H10
(b) Give equations which indicate four (04) different methods of preparing but – 2 – ene.

(c) By considering the influence of the substituents which are already present on the double bond, predict the structural formula of the major products only and the ease of addition of HCl to the following compounds.

(i) CH2 = CH CH3
(ii)  (ii) CH2 = CH – C (CH)3
(iii) CH2 = CH – CF3.

       (d) An organic compound S (C6H12) reacts with Ozone, water and zinc dust to give T and U.  T contained 27.6% oxygen but was resistant to oxidation and U contained 43.25% oxygen.

(i) Calculate r.m.m of T and U and give the structural formula of T and U.
(ii) Predict the structural formula of S.

13. (a) The three isomers C, D, E of dimethylbenzene were reacted with Bromine in the presence of Iron filings and the products of their monobromination are separated. Isomer C gives only one product, isomers D and E give two each.
(i) What is the structure of isomer C?

(ii) Identify the structures of D and E.

   (b) Indicate whether the following groups are electron – attracting or electron-withdrawing.  For each group give the inductive or mesomeric effects which are involved, briefly explaining how these effect(s) arise.
(i) (Bromomethyl) benzene

(ii) (1 – Methylpropyl) benzene

   (c) (i) Give the mechanism for the Friedel-crafts formation of ethylbenzene from benzene and chloroethane.

        (ii) Why is it not possible to form ethylbenzene in a similar way by reacting chlorobenzene with ethane?

       (iii) What is the exact role of AlCl3 catalyst in friedel-crafts reactions?

   (d) Arrange the following haloalkanes in order of their increasing reactivity in the Friedel-crafts alkylation of benzene;


Chlorobutane, 2 – chloro – 2 – methylpropane


1 – chloro – 2 – methylpropane,  2 – chlorobutane
14. (a) With the aid of reaction equations, outline five (05) different applications of haloalkanes in organic synthesis processes.  Use R – X as a haloalkane.

(b) Consider the elimination reaction between 2, 3 – dibromo pentane (CH3 – CH2 – CHBr –CHBr – CH3) and hot alcoholic KOH, followed by NaNH2 at 130oC to give four unsaturated isomers.

(i) Give all of structural formula and their names of all products formed by the action of hot alcoholic KOH.

(ii) All four products in (i) above yield the same product during the following reaction with NaNH2 at 130oC.  Give the structural formula and name of this product.
      (c) (i) Explain why is it necessary to prepare Grignard reagents in dry ether?

           (ii) Why would ethanol be unsuitable solvents?
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