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UNIVERSITY OF MALTA 
MATRICULATION CERTIFICATE EXAMINATION 

INTERMEDIATE LEVEL 
MAY 2010 

 

MARK SCHEME 
 

 
Section A 

Answer all questions in this Section 
 
1. This question concerns the elements:  Na,  Mg,  Al,  Si and  S which are in the same  
   period of the Periodic Table. 
 
       From the above list select: 
        
    (a) the element with the largest atom                S 
 
    (b) the element which forms an amphoteric oxide          Al 
 
    (c) the element that forms both a dioxide and a trioxide           S                                                              
 
    (d) the element whose atoms have two electrons in their outer shell              Mg                                               
 
    (e) the non-metal that forms an oxide having a giant covalent structure         Si                                                       
                                                     assign 1, 1, 1, 1, 1                                          (5 marks) 
 
2. The electronegativities of fluorine, oxygen, chlorine and hydrogen are 4.0, 3.5, 3.0 and  
   2.1 respectively.  
    
    (a) Explain the meaning of the term electronegativity. 
    

The electron attracting power of an element (1) when present in a covalent 

bond (1) 
                                                                                                          (2 marks) 
 (b) Arrange the following bonds in order of decreasing polarity starting with the most  
         polar. 
                                                          O-H       H-Cl          H-F 
 
                    H-F         O-H             H-Cl                                     (3 marks) 
 
 
3. (a) Draw electron dot-cross diagrams showing only the outer electrons of the following      
      molecules: 
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             NH3                                                               H2O                              
 
           Diagram to show lone pair on N and bonding pairs with H; two lone pairs  
       on O and bonding pairs with H   2, 2 
 

                                                                                                                            (4 marks) 
   (b) Draw diagrams showing clearly the shape of the two molecules. 
 
         Ammonia shown as pyramidal molecule with LP occupying the N apex (2); 
 
        Water shown as V-shaped, with obtuse angle HOH (2); if angle is shown  
     as approx 90o deduct 1 mark 
 
                                                                                                         
    (c) Explain why the bond angles in the two molecules are different. 
 
            Explanation in terms of the presence of the lone pairs and the fact 

that LP-BP interactions are larger than BP-BP interactions           (2 marks) 

 
4. (a) Write an equation to represent the first ionization energy of sodium. 
 
                        Na (g)      Na+ (g)  +   e-                                  (1 mark)         
 
    (b) The first seven ionization energies (in kJmol-1 ) of the element X are: 
 
            1400    2860    4590    7480    9440    53200    64300 
        
         How many electrons are there in the outer shell of an atom of X? 
 
                             5 electrons                                               (2 marks) 
 
 
5. State whether each of the following statements is true or false: 
 

(a) The boiling point of butane is higher than that of pentane         False                                                          
        
  (b) methylbutane has a lower boiling point than  pentane                True 
            
  (c) sodium compounds give a green colour when flame tested:        False                                                

 
(d) aluminium and boron are both in Group 3 of the Periodic Table      True                                               
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(e) no reaction  takes place when chlorine gas is bubbled through  
     potassium bromide solution                                                                 False                                                                                                 
                                                                
                              Assign 1 mark each to total of 5 

 
6. Draw structural formulae of the following compounds showing all the bonds: 
 
       (a) two ethers of molecular formula C4H10O 
 
        Accept any acceptable answer showing C-O-C linkage  2, 2 
 
 
      (b) 1-bromo-2-chlorobutane                                 (c)  methyl ethanoate 
 
         Assign 2 marks for correct structure;   assign 2 marks for correct  
                                                                        structure 
 
7. The following processes occur during mass spectrometry: 
    
     deflection    acceleration    detection    ionization    vapourisation 
 
     Re-write these processes in the order in which they take place when the mass  
     spectrometer is used: 
 

             vapourisation; ionization; acceleration; deflection; detection                           

              Assign partial credit for partially correct answer.   (5 marks) 

        
8 (a) Write the ideal gas equation. 
 
                  PV  =  nRT                                 (1 mark) 
 
    (b) Use this equation to calculate the volume (in cm3) occupied by 3.20g methanol  
       vapour, CH3OH, at a pressure of 100, 000 Nm-2 and a temperature of 137 oC. 
 

                Number of mol MeOH = 3.2 /RMM(MeOH)    (1) 

                                                 = 3.2/32 = 0.1 mol       (1) 

             Hence V  =  nRT/P  =  0.1 X 8.31 X (137+273)/100 000   (1) 

                        V  =                    m3         (1)   =            cm3        (1)     (5 marks) 
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9. Complete the following table concerning gases by filling in the blanks in the following  
  table. The first entry is given for guidance. 
 

Gas Physical characteristics 
(colour and smell if any) 

Action (if any) 
on moist litmus 

paper. 

Test for gas and its result 

H2 Colourless and has no smell 
 
 

No action on blue 
or red litmus 

Gas burns with a squeaky 
pop when ignited. 

CO2 
 
 

 
No colour, no smell   

(0.5, 0.5) 
 
 

 
Pale red colour 

(1) 

 
Turns lime water milky 

(1) 

O2 
 
 

 
No colour, no smell   

(0.5, 0.5) 
 
 

 
No action (1) 

 
Rekindles glowing 

splint  (1) 

Cl2 
 
 

 
Green gas, irritating 

smell (0.5, 0.5) 
 
 
 

 
First turns 

litmus red and 

then bleaches 

it (1) 

 
Turns blue litmus red 

and then bleaches it. 

Or suitable alternative 

(1) 

                                                                                                                               (9 marks) 
 
10. An isotope of scandium, Sc, having 24 neutrons per atom is formed by the  
     radioactive decay of another nucleus by beta (β) emission.  Write a complete equation   
     for this nuclear change. 
         
                                    20

45Ca         21
45Sc           +      e0 

-1           (3 marks)  
      
                         NB periodic table available for identification of Ca isotope 
 
11. (a) Complete the following redox half-equations by writing the correct numbers in the  
           appropriate spaces: 
      
              MnO4

-   +    8  H+    +   5 e-           Mn2+   +    4   H2O 
 
                                                    H2O2              O2      +    2 H+   +  2  e-      2, 2 

 
(b) Combine these two half-equations to obtain a complete ionic equation for the    
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     reaction between MnO4
- ions and H2O2 in acidic solution. 

 
2 MnO4

-    +   6 H+  +  5 H2O2   =    2 Mn
2+  +  8 H2O   +   5 O2   (3 marks) 

 
12. Explain clearly why a mixture of chlorine and methane remains unchanged if kept in  
    darkness but a very rapid reaction takes place when the mixture is exposed to u.v.  
     light. 
            

            Reaction between the two gases is slow in the dark. (1) On exposure 

to UV radiation, the reaction rate increases in response to the formation of 

highly reactive Cl free radicals by photolysis of Cl2 molecules. Complete 

mechanism showing propagation and termination steps is not required. (2)                

(3 marks) 

 
13. Give the name and structural formula of the main organic product obtained when  
     but-1-ene reacts with hydrogen iodide. 
 
                2-iodobutane (1);  assign 2 marks for correct structural formula 
                                                                                                                                (3 marks) 
 
14. Explain why a solution of ethanoic acid has a higher pH value than a solution of  
   hydrochloric acid of the same molar concentration. 
 
       Higher pH means a lower concentration of [H+] (1); HCl is a strong acid 

which ionizes fully in solution while ethanoic acid, a weak acid, ionizes very 

sparingly in solution (2)     (3 marks) 

 
 
15. When the gas NOCl is heated, the following equilibrium is set up: 
   
                      2NOCl(g)         2NO(g)      +         Cl2(g) 
 

(a) Write an expression for the equilibrium constant KC for the reaction. 
 

Kc  =   [NO]2[Cl2]/[NOCl]
2 

                                                                                                                             (2 marks) 
 
     (b) State how the position of equilibrium will shift when the pressure is increased.  
        Explain your answer. 



 6 

  On increasing pressure, the equilibrium will shift backwards to produce less 

products: (1.5) by LeChatelier’s principle, the shift will be in the direction 

that tends to counter the change: converting 3 mol product into 2 mol 

reactant will bring about a reduction in pressure. (1.5)  (3 marks) 

 
Section B 

Answer all questions in this Section 
 

16. This question concerns the isomers propanal CH3CH2CHO and propanone  
     CH3COCH3. 
 

(a) Describe clearly a test to distinguish between these two isomers. (State how the 
test is carried out and describe the result with each compound.) 

 
     Accept any suitable test, e.g. Fehling (change described as blue coloured 

solution to red brown ppt; as Cu(II) is reduced by the aldehyde to copper(I) 

oxide)  award 1 marks for the experimental observations and 2 for the 

chemistry 

 (3 marks) 

 
(b) When propanone is analysed by means of a mass spectrometer three peaks at 

mass to charge ratio (m/z) values 15, 43 and 58 were obtained. Identify the 
species responsible for each of these peaks. 

 
 
15 CH3

+.              43    CH3CO
+.                58    CH3COCH3

+.             (3 marks) 
 
Do not deduct marks if the radical nature of the fragments are 

omitted, ie answers given as CH3
+ rather than CH3

+. 

 
(c) Propanal can be converted into sodium propanoate in two stages. Give: 
 
   (i) the reagent/s and conditions required for the first stage; 

             
            Sodium dichromate and sulfuric acid, heat to boiling pt of the   
          product acid  (1,1) 
 
       (ii) the name and structural formula of the organic product obtained in the first stage; 
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      Propanoic acid,   CH3CH2COOH    (1,1) 
            __________________________________________________________________ 
 
     (iii) a reagent that can be used to carry out the second stage. 
 
        Aqueous NaOH   (2) 
                                                                                                                       (6 marks)  
 
     (d) Name the reagent needed to change sodium propanoate into ethane and write an  
         equation for the reaction that takes place. 

 
 Soda lime  (2) 
    CH3CH2COONa   +  NaOH   =  CH3CH3  +   Na2CO3  (2) 

 (4 marks)     
                                                                                                          (Total 16 marks) 

 
17. The letters A to E represent various combinations of bonding that may be present in  
     different substances: 
      
          A: Ionic 
          B: Covalent and hydrogen bonding 
          C: Covalent and Van der Waals 
          D: Ionic, covalent and dative covalent 
          E: Positive ions in a sea of delocalized electrons 
     
     N.B. Each letter may be used once, more than once or not at all.  
 
    From the above list, select the letter which best describes the bonding in:  
 
         liquid hydrogen fluoride HF:             B 

         methane CH4                                      C 
         solid ammonium chloride NH4Cl       D 
         magnesium oxide MgO                      A 

         silver                                                   E 
         ethanol C2H5OH                                  B 
         graphite                                               C 

         nitrogen N2                                          C   2X8=16                                   (16 marks) 
 
 
18. (a) (i) Find the values of x, y and z in the following chemical equation: 
                
                     x NaClO3                 y NaClO4     +   z NaCl 
 
             x: 4          y: 3          z: 1                                                           (3 marks) 
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         (ii) Calculate the oxidation number of chlorine in: 
 
             NaClO3   5         NaClO4  7      NaCl  -1                             (3 marks) 
 
       (iii) Use the given chemical equation to explain the meaning of the term  
            disproportionation: 
 

         Simultaneous oxidation and reduction of a chemical species: thus 

chlorate(V) is oxidized to chlorate(VII) and reduced to chloride (Cl(-I)) 

                                                                            (3 marks) 

 
  (b) Hydrogen chloride can be prepared in the laboratory by the following reaction: 
     
             NaCl (s)    +          H2SO4 (l)         NaHSO4 (s)     +   HCl (g) 
 

(i) What volume of hydrogen chloride, in dm3 measured at s.t.p. can be obtained by the 
action of excess concentrated sulfuric acid on 11.70g sodium chloride? 

 

11.7 g NaCl contains 11.7/[23+35.5]  =  0.2 mol   (1) 

  Mol HCl produced = 0.2;   (1) Volume of gas at stp = 0.2X 22.4 dm3  (1) 

                                                                                                  = 4.48 dm3 (1) 

 (c)  When NaClO4 is strongly heated, it decomposes as follows: 
 

                  NaClO4 (s)          NaCl (s)   +   2 O2 (g) 
 
Calculate the quantity in mol of oxygen molecules produced when 24.50 g of 
NaClO4 are strongly heated. 

 

     24.5 g NaClO4 contains 24.5/[122.5]  =   0.2 mol    (1) 

     Mol oxygen produced =  0.4 mol     (2) 

  

                                                                                                                   (Total: 16 marks) 
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19.   This question concerns the chemistry of transition metals. 
 
     (a) Give the full electron configuration of: 
 
        Cu:     1s2 2s2 2p6 3s2 3p63d104s1 
 
        Cu2+   1s2 2s2 2p6 3s2 3p63d9                       2, 2  
 

(b) Copper exists mainly as two isotopes: 63Cu and 65Cu  
 

(i)    Give the number of neutrons in 65Cu. 
65 – 29 = 36               (1 mark) 

 
          (ii)    Apart from the relative mass of each isotope, what further information is  
                 needed in order to calculate the relative atomic mass of copper? 

 
    The relative abundance of each isotope. 

 (2 marks) 

 

(c) Iron, another transition metal, forms ions such as [Fe(H2O)6]
2+ and [Fe(CN)6]

3-. 
 

(i) What is the name given to such ions?   
 
Complex ions   (1 mark) 

 
         (ii)   What is the name used to describe H2O and CN- in the above ions? 

    ligands   (1 mark) 
 
       (iii)    What is the shape of these ions? 

          octahedral (1 mark) 
 
        (iv)   Write down the oxidation number of iron in: 

 
[Fe(H2O)6]

2+   +2     [Fe(CN)6]
3-     +3                             (2 marks) 

 
        (v)    Draw a diagram showing clearly the bonding present in any one of these ions. 

 
Octahedral shape with dative covalent bonds or ion-dipole or ion-

ion interactions between central metal ion and ligands 
                                                                                                           (2 marks) 

     
 
(d) (i) Give the name or formula of a transition metal compound that can act as a catalyst. 
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Accept any suitable example, e.g.  MnO2, Fe

3+ (salt), Mn2+ (salt)    (1 mark) 
 

  (ii) Write an equation for a reaction that is catalysed by this compound. 
 
       MnO2 (decomposition of hydrogen peroxide); Fe

3+ iodide-persulfate; Mn2+ 

oxalate-permanganate       (1 mark) 
                                                                                                           (Total: 16 marks) 

 
 
 
 
20.   (a) Explain the meaning of the term hydrocarbon. 

A compound of hydrogen and carbon 

 (2 marks) 

  

(b) State which of the following statements concerning homologous series is/are true  
     or false. 
 
  (i) Each homologous series has a general formula       T                 

 
 (ii) Members have gradually changing physical properties           T  

 
(iii) The relative molecular mass of successive members of the  
       same series differ by 16                                                            F 

 
(iv) Members of the same series have similar chemical properties  T                                                                  

                                                                                                    (4 marks) 
       
       (c)  When propane is heated strongly in the absence of air the following reaction  
            takes place: 

              C4H10 (g)            C3H6 (g)      +    CH4 (g) 
 

           What term is used to describe such a reaction? 
Cracking        (1 mark) 

 
       (d)  Under suitable conditions propene forms poly(propene). 
 

(i) Explain why this reaction is called addition polymerization. 
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Because the product polypropene is obtained by the addition of propene 

molecules to one another to form  single strands containing repeating units 

of the monomer. 

 (3 marks) 

 
  (ii) Draw a diagram showing clearly the bonding in polythene. 
 
              Diagram to show –CH(CH3)-CH2-  repeating unit containing only single  
       C-C bonds.                                                                                                    (2 marks) 
 
(e)  Another hydrocarbon, ethyne, can be prepared by the action of water on calcium  
    dicarbide, CaC2. 
 
  (i) Write an equation including state symbols for this reaction. 

 
        H2O(l)    +   CaC2(s)     =   C2H2(g)   +   Ca(OH)2(s)   (3 marks) 

 
  (ii)  State why ethyne is described as an unsaturated compound. 

 
      Because it contains a CC triple bond   (1 mark) 

                                                                                               (Total: 16 marks) 
 

Section C 
Answer ANY TWO questions from this section.  
Write your answers on the lined pages provided. 

 
21.   (a) Hydrazine gas, N2H4, is used as a rocket fuel. It burns in oxygen to produce  
            nitrogen and water.   
            (i) Give the empirical formula of hydrazine and calculate the percentage of nitrogen by mass in the  
             compound.                                                                                              (3 marks) 
           (ii) Write an equation for the reaction of hydrazine and oxygen.            (3 marks) 
      (iii) Calculate the standard heat change of combustion of hydrazine gas, ∆Ho

C,  
             given that 18.3 kJ are produced when 1.00 g hydrazine is burnt.             (4 marks)   
                                                                                     
      (iv) Write an equation to represent the standard heat change of formation, ∆Ho

f, of  
             gaseous hydrazine.                                                                                     (2 marks) 
 
      (v)  The standard enthalpy change of combustion of hydrogen, ∆Ho

C, is -286 kJ mol-1.  
           Draw the appropriate Hess cycle and calculate the  standard enthalpy change of  
           formation of gaseous hydrazine.                                                                  (7 marks) 
 
(b)  (i) Calculate the enthalpy change for the reaction: 
                 
                              C3H8(g)    +  5 O2(g)           3 CO2(g)   +  4 H2O(g) 
 
        given the following bond energy terms in kJ mol-1: 
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               E(C-C) : 346;    E(C-H): 413;    E(C=O): 740;    
               E(O=O): 496;    E(O-H) 464                                                                 (12 marks) 
 
     (ii) Explain why the equation given in (b) (i) does not represent the standard enthalpy  
        change of combustion of propane.                                                                  (3 marks) 
 
   (iii) Would the value of the standard enthalpy change of combustion of propane be  
        more exothermic or less exothermic than the value calculated in (b)(i)? Give a  
        reason for your answer.                                                                                  (5 marks) 

 
 
(a) (i) Empirical formula =  NH2    (1) 

 

% N  =  14/16 X 100  =  87.5 

%H   =   2/16 X  100  = 12.5   (2) 
 
(ii)     N2H4    +     O2        =          N2    +   2 H2O    (3) 

 

(iii)  1 g hydrazine = 1/32  =  0.03125 mol 

  

Hence 1 mol hydrazine gas releases on combustion  

                                              1/0.03125 X 18.3  = 585.6 kJ   (4) 

(iv)   N2(g)     +    2H2(g)       =    N2H4(g)         (2) 

 

 

 

(v)   N2(g)     +    2H2(g)            N2H4(g) 

 

 

          N2(g)     +    2H2O (l)                           where X is the enthalpy change     

                                                                    of formation     

 

   Using Hess’s law, X  = 2(-286) – (-585.6)  =-572 + 585.6 = + 13.6 kJ   

          

Assign 3 for Hess cycle, and 4 for correct calculation and answer. 

 

(b)   (i)   Moles bonds broken  =  2 (C-C) + 8 (C-H) +  5 (O=O)  =  X 

              Moles bonds made     =  3X2(C=O)  + 4X2(O-H)  =   Y    (4) 

 

Heat of reaction =  X – Y    (4) 

                           =  (2X346 + 8X413 + 5X496) -  (6X740 +8X464) 

-286 X 2 -585.6 

x 
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                                         = 6476  -  8152  =  -1676 kJ mol-1  (4) 

 

(ii)   Because water in the vapour phase does not represent the standard 

state of water.       (3) 

 

(iii) the conversion H2O (g)   =  H2O (l)  is exothermic so that the reaction in 

b(i) would have a larger (more exothermic) value.  (5) 
 
 
22. The question concerns compound P which is a colourless liquid whose structural  
     formula is  CH3CH=CHCH2CH2OH. 
 
(a) Draw the two geometrical isomers of this compound and explain clearly why this type of isomerism is  
        possible in such a compound.                                                                                                 (5 marks) 
(b) Explain why liquid P is not very miscible with water.                                                             (3 marks) 
 
(c) Give the structural formula of the organic product obtained when P reacts with: 
 
  (i)   some solid phosphorus pentachloride in a dry beaker;  
(ii)  an excess of concentrated sulfuric acid at  180oC; 
(iii)  hydrogen in the presence of hot finely divided Ni; 
(iv)  solid sodium hydrogen carbonate; 
(v)  metallic sodium; 
(vi)  ethanoic acid in the presence of some concentrated sulfuric acid. 
                                                              
           N.B. Where no reaction takes place state so clearly. 

(16 marks) 
(d)    (i) Why is the nickel used in part (c)(iii) in a finely divided form? 
 
      (ii) State two reasons for the use of concentrated sulfuric acid in part (c)(vi).                                                                                 

 (4 marks)                                                     
 
(e)  Keeping in mind that an OH group cannot be attached to a double-bonded carbon atom, give the 
structural formula of: 
 
(i) an isomer of P which has the same functional groups but is a secondary alcohol; 
 
(ii) another isomer of P which has the same functional groups but does not  
     have geometrical isomers; 
 
(iii) another isomer of P which is an alcohol but does not react with aqueous bromine; 
 
    (iv) an isomer of P which does not decolourise aqueous bromine and does not have an OH group.                                                                          

  (12 marks) 
 
 
(a)  Diagram showing cis and trans isomers  (2,2); isomerism possible 

because rotation about C=C is not possible (1) 
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(b)  Because although it has an OH group which can form H-bonds with 

water, the non-polar  hydrocarbon chain is long and this does not interact 

well with polar water.                                                 (3) 

 

(c)    i) CH3CH=CHCH2CH2Cl
         

 

        ii)  
CH3CH=CHCH=CH2  

 

       iii)   
CH3CH2CH2CH2CH2OH

 
 

  iv)    no action 
       

v)   
CH3CH=CHCH2CH2O-Na+

 
 

vi)   
CH3CH=CHCH2CH2OOCCH3       3, 3,2,2,2,4 

 

(d)   i) To increase the surface area and hence the rate of catalysis.     2 
       ii) dehydrating agent; catalyst.  2 
 

(e)   i)  
CH3CH=CHCH(OH)CH3  

      ii)   
CH2=CHCH2CH2CH2OH

 
 

   iii)    

OH

      
 

  iv)    

O

CH3      or another suitable isomer 

                                                3  X  4  =  12 

 
 
23. Identify the substances A to O and explain as fully as you can the changes recorded.  
     Credit will be given if balanced equations are written where appropriate. 

(a) A is a white crystalline solid with a high melting point. A gives a lilac colour when flame-
tested. When aqueous silver nitrate is added to a solution of A, a white precipitate B, insoluble 
in dilute nitric acid is obtained. 
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(b) C is a red brown solid which is a good conductor of heat and electricity. C does not react with 
dilute sulfuric acid but dissolves easily in concentrated nitric acid to form a blue solution 
containing the substance D. When a few drops of ammonia solution are added to the solution 
of D a pale blue precipitate E forms; this precipitate dissolves when more aqueous ammonia is 
added to form a solution containing the deep blue coloured ion F. 

(c) G is a colourless volatile liquid with empirical formula CH and relative molecular mass 78. G 
reacts with a warm mixture of concentrated nitric and sulfuric acid to form a yellow oily liquid 
H. Heating H with tin and concentrated hydrochloric acid produces another liquid I.  

 
(d) The white crystals J give no colour when flame tested. When aqueous sodium hydroxide is 

added to a solution of J in water, a white precipitate K forms which does not change colour on 
standing; this precipitate does not dissolve when more aqueous sodium hydroxide is added. 
When dilute hydrochloric acid is added to J, a colourless gas L having a sharp pungent smell 
and a yellow solid M forms. The gas L turns moist blue litmus red and is a good reducing 
agent. 

(40 marks) 

           
23.  a)  A is crystalline and high mp hence ionic  2 

 

             A gives lilac colour: hence contains potassium;    2 

  With silver nitrate white AgCl = B, insoluble in nitric acid, indicates Cl in A.    

  (1); 2 for equation    Hence A is KCl                 (2) 

 

  b)  C  red brown and conductor suggests Cu.  (1) In conc HNO3, Cu 

dissolves to give copper(II) nitrate (= D) and NO2 (1); (plus 2 for chem. 

equation)  E = Cu(OH)2 (1); ( plus 2 for chem. equation); F = 

tetramminecopper(II) (1) (plus 2 for chem. equation) 

 

c)  From formula CH and rmm 78, G is benzene, C6H6  (2); H is nitrobenzene 

(1) (plus 2 for chem. equation); I = phenylamine (1) (plus 2 for chem. 

equation)  

 

d) K is a white hydroxide that is not amphoteric and is not Mn(II) since it 

resists oxidation to give brown coloured products (2). Possibly J is a Mg salt 

(1) and K is magnesium hydroxide (2 for chem. equation). Pungent gas L is 

probably sulfur dioxide and yellow solid M is probably sulfur which suggests 

that K is MgS2O3 (1, 1, 1) plus 2 for chem. equation. SO2 (=L) is a 

reducing agent readily oxidizing to sulfate and is also an acidic gas (forming 

sulfurous acid with water) (2,2)    
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24. The following question concerns the determination of the number of molecules of  
     water of crystallization in different substances by three different techniques. 
 

(a) A sample of zinc sulfate crystals weighing 14.35g was dissolved in distilled water. An excess 
of barium chloride solution was then added, and the precipitate formed was filtered off, dried 
and weighed. Its mass was found to be 11.65g. Calculate the value of  n the formula of zinc 
sulfate crystals ZnSO4.nH2O.                                                                                        (12 marks) 

 
(b) In another experiment 6.10g of barium chloride crystals were heated until  
     there was no further decrease in mass. 5.20g of  residue were obtained.  
     Calculate the value of x in the formula of barium chloride crystals BaCl2.xH2O.                                    
                                                                                                                    (10 marks) 
 
(c) Ethanedioic acid, a diprotic (dibasic) acid, is a crystalline solid having the  
     formula (COOH)2.yH2O. In an experiment to determine the value of y, 1.50g of  
     the crystals were accurately weighed and made up to 250 cm3 of solution with  
     distilled water. 25.0cm3 portions of this solution required 23.80cm3 of  
     potassium hydroxide solution of concentration 0.100mol dm-3 for exact  
     neutralization. Calculate the value of y in the formula (COOH)2.yH2O.      
                                                                                                                    (18 marks) 
 

 

24.  (a) mol of barium sulfate formed =  11.65/[137+32+64] =0.050 

 

Hence mol zinc sulfate = 0.05 which weigh 14.35 g 

            1 mol zinc sulfate-n-water weigh 14.35 X 1/0.05 =  287g 

 

    Hence n =   [287-(65+32+64)]/18  =  7    (12) assign partial credit 

for partially correct solutions. 

 

   (b)  Mass water lost on heating  6.10 – 5.20 = 0.90 g 

 

  Hence 0.9 g water is found in 5.20 g anhydrous BaCl2 or 5.2/208 

=0.025 mol of barium chloride. 

 

  And hence 1 mol BaCl2 contained  0.9g X 1/0.025  =  36 g  

  Hence mol water present = 36/18 = 2      (10) assign partial credit 

for partially correct solutions. 

 

(c) 23.8 cm3 KOH contains 2.38 X 10-3 mol OH- 

Hence mol oxalic acid reacting  = 1.19 X 10-3 and these are in 25 cm3 

solution. 
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Hence in 250 cm3, mol oxalic acid = 1.19 X 10-2  and these weigh 1.5 g 

1 mol of hydrated oxalic acid has a mass of 1.5 X 1/1.19X 10-2 = 126 g 

1 mol of anhydrous oxalic acid has mass of 90g 

Mass water in the acid = 126 – 90 = 36g equivalent to 36/18 = 2 mol  

(18)  assign partial credit for partially correct answers. 

 

 


